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Abstract 
In this paper, we analyze dynamic interactions between stock markets of 
BRICS (Brazil, Russia, India, China and South Africa) and other select emerging 
economies as classified by IMF [1] from January 2001 to June 2017. We employ 
ADCC-EGARCH model as well as block aggregation technique as suggested 
by Diebold-Yilmaz [2] framework and order-invariance of GVDs (Genera-
lized Variance Decompositions) as developed by Greenwood-Nimmo, Nguyen, 
& Rafferty [3] to examine return and risk spillovers within as well as across 
the BRICS and other sample Emerging Market Economies (EMEs). The re-
sults suggest the cohesiveness within BRICS equity markets is moderate. Our 
results also show increased integration amongst BRICS economies during the 
global financial crisis period, implying the presence of Contagion effect. Fur-
thermore, Mexico, Chile, Hungary, Turkey and Poland seem to be good can-
didates to be included along with BRICS for forming a larger Emerging mar-
ket economic block. This expanded block will not only ensure strengthening 
trade and financial ties among the participating countries, but also provide a 
better balance between the emerging and the developed world. This paper 
contributes immensely to the literature on international finance dealing with 
financial integration, particularly for emerging markets. The study provides 
important implications for global policy makers, international economic 
agencies, investors and the academic community. 
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1. Introduction 

Economic liberalization during the 1980s and 1990s of most of the underdeve-

How to cite this paper: Sehgal, S., Mittal, 
A. and Mittal, A. (2019) Dynamic Linkages 
between Brics and Other Emerging Equity 
Markets. Theoretical Economics Letters, 9, 
2636-2666. 
https://doi.org/10.4236/tel.2019.97166 
 
Received: August 5, 2019 
Accepted: August 28, 2019 
Published: August 31, 2019 
 
Copyright © 2019 by author(s) and  
Scientific Research Publishing Inc. 
This work is licensed under the Creative 
Commons Attribution International  
License (CC BY 4.0). 
http://creativecommons.org/licenses/by/4.0/   

  
Open Access

https://www.scirp.org/journal/tel
https://doi.org/10.4236/tel.2019.97166
http://www.scirp.org
https://doi.org/10.4236/tel.2019.97166
http://creativecommons.org/licenses/by/4.0/


S. Sehgal et al. 
 

 

DOI: 10.4236/tel.2019.97166 2637 Theoretical Economics Letters 
 

loped/developing nations led to enhanced integration of financial markets that 
paved the way to increased international capital flows. Financial integration is 
the degree to which financial markets of one country is connected to another 
which can be at local, regional or at international level [4] [5] [6]. The frontier 
economies of the developing world provide risk diversification opportunities 
along with attractive returns as compared to the developed economies to global 
equity investors. The equity markets offer access to the rapidly growing sectors 
of the emerging economies that have benefits of larger demand creation from 
the increasing consumption requirements. Evidence from MSCI Emerging mar-
ket index provides that in recent decades, the markets have performed much 
better than the world markets. After the Asian crisis of 1997-1998 and the Global 
Financial Crisis (GFC) of 2008-2009, integration and linkages in the developing 
world have been of key interest to many researchers and policy makers as it may 
have important implications in diversification opportunities for portfolio inves-
tors and to frame macroeconomic policies to ensure stability. The GFC has al-
tered the dynamics by causing contagion around the globe. Some emerging 
economies have remained insulated initially with some effect realized later. The 
emerging economies’ high demand helped the developed world in some way to 
be bailed out of the crisis.   

An emerging market economy (EME) is a country having some characteris-
tics1 of an advanced/developed market, but fails to meet all standards to be a de-
veloped market [7]. This may include countries that were developed markets 
earlier or have the future potential to be developed markets. Emerging markets 
now account for 60% of the global GDP and contribute to over 80% of the global 
economic growth after the financial crisis of 2008 [8]. Emerging economies are 
now regarded as the engines of global growth. The characteristics of emerging 
markets have now also been redefined with economic development and in-
ter-connectedness of financial markets [7]. The concept of economic integration 
is typically based on economic cooperation among neighbouring countries or 
countries within the same continent often referred to as natural partners. Trans-
action costs have been reduced drastically by technological progress, inter- 
continental and integration has become more and more important in the current 
era of globalization [9]. BRICS as an economic block is an outcome of such a 
process. Jim O’Neill from Goldman Sachs in 2001 in a paper entitled “Building 
Better Global Economic BRICs” coined the acronym BRIC. This acronym has 
been widely used as a mark of an apparent shift in economic power globally 
from the developed economies towards the developing world [10]. Projections of 
the future power of the BRIC economies vary widely. Some sources suggest that 
they might overtake the G7 economies by 2027. BRIC countries have the eco-
nomic capabilities to become the four top dominant economies by 2050. In 2010, 

 

 

1Characteristics of Emerging Economies as per Morgan Stanley Capital International (MSCI) in-
clude: 1) Transitional Economy: Moving from closed economy to open economy market; 2) Young 
and Growing population; 3) Pressure on Developing Infrastructure; 4) Increasing Foreign Invest-
ment. 
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South Africa was included as a BRIC nation. Trade linkages2 exist between BRIC 
and South Africa; however, the intensity of linkages varies across countries. 
South Africa’s real output and imports are considerably impacted by shocks 
from all BRIC nations. South Africa and Russia are highly linked to China, whe-
reas India and Brazil have linkages of moderate intensity with China [11] [12]. 
BRICS together hold only eleven percent of total IMF voting rights, The World 
Bank is traditionally headed by Americans, and IMF by Europeans. Some ex-
perts believe that establishment of New Development Bank (NDB) by BRICS, 
Emergency Reserve Fund, along with Asian Infrastructure Investment Bank 
(AIIB) provide a viable alternative to the developing world, for funding apart 
from the World Bank and the IMF, keeping a check to their growing monopoly 
power [13] [14]. 

To ensure capital market integration it is inevitable to develop the capital 
markets, ensure consistency and connected markets with adequate infrastructure 
by reducing costs to ensure increased cross border trade and an increase in in-
ternational investments of global financial instruments causing improved sav-
ings and investments. Capital account liberalization is important to ensure fi-
nancial integration and it promotes flow of capital from surplus countries to the 
deficient ones [15]. Sehgal, Pandey, & Deisting [16] have suggested fiscal posi-
tion, external position and governance among the Macroeconomic factors, stock 
market performance among the Market-related factors and trade linkages 
among the Trade factors as the fundamental drivers of equity market integration 
of the East Asian Economic Community region. The study has been made taking 
some of the advanced economies of Asia and Pacific. BRICS specifically is an 
economic group and not a regional group. Its members are characterized by he-
terogeneous political, economic and social structures. In the last two decades, 
equity markets of almost all the members of BRICS have seen tremendous rise, 
much higher than the developed markets. The move towards liberalization and 
opening of the markets has caused increased flow of capital and introduction of 
a wide variety of financing instruments with options available to domestic in-
vestors to invest/raise capital abroad. Visalakshmi & Lakshmi [17] point out the 
increase in growth of BRICS in the past decade has impacted capitalization of 
the stock markets along with dependence with other equity markets. The corre-
lation between the developed and the emerging markets is low which has en-
couraged international investors to invest around the globe and exploit the ben-
efits of diversification opportunities. The fast pace of advancement of the 
emerging markets has paved a way of these markets to be industrialized econo-
mies in the near future. Lately, there has been an increase in cross listed firms in 
financial centers across BRICS. Cross-listing ensures informational efficient en-
vironment thereby reducing the cost of capital. American Depositary Receipts 
(ADRs) is one of the methods of cross listing which permits companies in BRICS 
to trade shares in the US capital market. Closely linked equity markets may have 

 

 

2Trade Linkages refers to the degree, direction and intensity of trade of South Africa with BRIC 
Countries. 
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serious spillover implications for others.  
This recent slowdown of the BRICS has changed its internal cohesiveness and 

with other EMEs. BRICS interaction with other emerging economies may pro-
vide some vital insights about potential entrants into this economic block in 
future. It may be interesting to study how this economic block and the econom-
ic/trade integration among BRICS and with other developing economies affect 
the internal cohesiveness. This may further strengthen integration in this block 
and bring positive effects in its trade, financial integration and policy coordina-
tion within the group and off the group with other emerging economies. Thus, 
this paper examines dynamic co-movements for BRICS stock markets and other 
select EMEs through price-based measures of financial integration. 

The rest of this paper is framed as follows: Section 2 provides a brief review of 
literature. Section 3 describes the data along with its properties. Section 4 de-
scribes the methodological framework adopted. Section 5 provides the empirical 
results and Section 6 summarizes the conclusions and suggests policy implica-
tions. Tables and Figures are also presented at the end of the paper. 

2. Literature Review 

International stakeholders have shown great interests in the dynamic relation-
ships between returns and volatilities in the emerging markets. Thus, there is a 
considerable research and literature in this area focusing on economic interac-
tion between emerging economies including BRICS.  

Bhar & Nikolova [18] examine the level of integration and the dynamic rela-
tionship between the BRIC countries, their respective regional economies and 
the world. It is found that India exhibits the highest global and regional integra-
tion among the BRIC countries, which is followed in the order Brazil, Russia and 
China. Sheu & Liao [19] demonstrate both long-run time-varying nonlinear 
cointegration relationships and short-run time-varying Granger-causality rela-
tionships pertaining between the equity markets of US and each of the BRIC 
countries with these relationships altered in the financial crisis related to sub-
prime mortgage in the short-run. Xu & Hamori [20] indicate that the interna-
tional transmission of equity prices between the BRICs and US weakened in 
both mean and variance due to 2008-2009 US financial crisis. Ahmad, Sehgal, & 
Bhanumurthy [21] indicate that among GIPSI3 countries, Ireland, Italy and 
Spain appear to be more contagious for BRIICKS (Brazil, Russia, India, Indone-
sia, China, South Korea and South Africa) markets compared to Greece. The 
study reports that BRICS are severely affected by the contagion (shock) during 
the Eurozone crisis. Gabriela, Panait, & Voica [22] analyze the importance of the 
BRICS group as representative of emerging countries in the world economy and 
conclude that each BRIC country has limited power and strengthening coopera-
tion is a requirement to grow with each other in the world after crisis. Chen & 
Lombaerde [23] propose indicators to assess the interdependence between the 

 

 

3GIPSI Countries: Greece, Italy, Portugal, Spain and Ireland. 
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BRIC economies and the economies of their respective “regions”. Model estima-
tions reveal that relative globalization of BRIC countries is linked to factors like; 
larger global sourcing from them, more asymmetry, enhanced regional competi-
tiveness and trade dependence of BRIC’s from the view of regional trade part-
ners. Gilenko & Fedorova [24] suggest that the linkages between the developed 
and the emerging BRIC stock markets have significantly changed after the crisis 
supporting the “decoupling” phenomenon. Jawadi, Mallick, & Sousa [25] assess 
the macroeconomic impact of monetary and fiscal policy shocks for BRICS. 
Their study supports that an accommodative monetary as well as fiscal policy, is 
critical for both political and economic decision making. Syriopoulos, Makram, 
& Boubaker [26] indicate that past own volatility is a critical factor in determin-
ing future volatility. The findings confirm earlier evidence of high regional as 
well as high global integration and more persistent dependency of Brazil and 
Russia (rather than of China and India) on the US. Nashier [27] findings sup-
ported short-term static as well as long-term dynamic integration among BRICS 
equity markets. Kan [28] found that other than China, BRICS countries general-
ly have been affected by the contagion effect of the 2008-2009 financial crisis 
shedding light on the decoupling recoupling theory. Singh & Singh [29] attempt 
to capture long run and short run inter-linkages along with causal relationships 
between the US and BRIC stock markets in the pre-crisis, during-crisis and 
post-crisis periods. The results report changing market dynamics and partial in-
tegration across the years 2004-2014. Robbani, Talukdar, & Jain [30] suggest that 
US equity market has a significant mean return along with volatility spillover ef-
fects on BRICS equity markets. Mensi, Hammoudeh, & Hoon [31] study dy-
namic correlations and diversification of portfolios between BRICS and major 
developed equity markets revealing a significant variability in time varying con-
ditional correlations between these markets during the periods of upturns and 
downturns. Bonga-Bonga [32] assesses the intensity of financial shock transmis-
sion among South Africa and BRICS members grouping to infer the extent of 
contagion for the period of 1996 to 2012. They conclude that South Africa is af-
fected more by crises/shocks originating from India, China and Russia, whereas 
these economies are minimally affected by crises/shocks from South Africa. 

Further, there has been enormous literature related to integration in stock 
markets and regional groups around the world. For NAFTA (North American 
Free Trade Area) see [33] [34] [35], MENA (Middle East and North Africa Re-
gion) see [36] [37] [38], Europe see [39]-[43] are among some papers that study 
linkages in regional groups. Literature on BRICS has seen growth in the past 
decade especially after the GFC. Studies have found mixed results regarding the 
degree of integration in BRICS markets and with the developed world. Financial 
integration/Information transmission/Information linkages in this study shall be 
measured by return and volatility spillover. Since signals from one market, 
transmit, link, or spill over to the other through return as well as volatility in one 
or both markets, it is termed information spillover/transmission/linkages. BRICS 
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as an economic block should exhibit high association with other emerging 
economies. Integration shall help in assessing the increasing economic power of 
BRICS 

The literature review shows that there has been active research undertaken to 
study the BRICS economies, this study fills important gaps in the available ex-
isting literature in the following ways: 1) The existing studies on BRICS made so 
far have limited scope. Apart from ADCC, this paper has widened its scope by 
utilizing the block aggregation technique under the Diebold-Yilmaz framework 
enhanced by Greenwood-Nimmo et al. [3] to examine return and risk spillovers 
within as well as across the BRICS and other sample Emerging Market Econo-
mies (EMEs). This technique here is relatively new and not used extensively in 
the literature; 2) Research on how integration varies in pre, during and post 
crisis periods is also scanty so far. This is necessary to capture the dynamics of 
integration; 3) Most existing studies cover only BRICS economies. This paper 
comprehensively studies integration for the entire set of 20 emerging market 
economies including BRICS since Jan 2001 to June 2017. 

3. Data  

Various sources provide a list of “Emerging Markets”. However, one of the most 
used sources by researchers is the list published by the IMF, which includes Ar-
gentina, Bangladesh, Brazil, Bulgaria, Chile, China, Colombia, Hungary, India, 
Indonesia, Malaysia, Mexico, Pakistan, Peru, Philippines, Poland, Romania, 
Russia, South Africa, Thailand, Turkey, Ukraine and Venezuela [1].  

The data comprises of daily values of stock price indices for the stated markets 
from 1st Jan, 2001 to 30th June 2017. The starting date of the data has been chosen 
from the year the term “BRIC” was coined in the paper “Building Better Global 
Economic BRICs”—Goldman Sachs Economic Research Group [10]. MSCI in-
dices for all the countries have been obtained. They are composed of stocks 
which broadly represent stock composition in different countries. These are 
value-weighted free float-adjusted market capitalization indices, calculated with 
dividend re-investment. In the absence of MSCI index, national stock indices for 
Bangladesh (DSE 30, Dhaka Stock Exchange), Bulgaria (Bulgaria Stock Exchange 
Sofix Index, SOFIX), Romania (Bucharest Exchange Trading Index, BET), 
Ukraine (Ukraine UX Index UAX) and Venezuela (Caracas Stock Exchange, IBC 
Index) have been obtained. However Bangladesh, Ukraine and Venezuela have 
been excluded from the study due to lack of availability of sufficient data. The 
data source is Thomson Reuters Eikon. We finally cover 20 emerging markets 
including BRICS. The returns of the local equity indices have been impacted by 
local currency movements against the US dollar. All the price indices are deno-
minated in local currency to capture the true market movements. As supported 
by prior research, MSCI USA has been included as a proxy for global factors [16] 
[41]. Our sample markets lie in various time zones; hence they exhibit 
non-synchronous trading hours. Many studies have used weekly/monthly data 
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sets [18] [44] [45] [46] to deal with non-synchronous trading bias. However, in 
an information-driven stock markets, information transmission [47] is much 
more frequent than monthly or weekly. Hence there exists a need to work with 
daily data to capture dynamic market movements. Following Forbes & Rigobon 
[48] to check the problem of non-synchronous trading bias, we use the two-day 
average returns, Daily returns are calculated as the first difference of log 
transformed price index series. The non-trading days vary across the indices be-
cause of difference in holidays. The value of index on such days or the day on 
which data is unavailable due to any other technical reason is presumed to re-
main the same, equal to its closing value on the last trading day before such day. 
Table 1 provides the information regarding economic growth and market cha-
racteristics for the sample economies. China has the highest GDP both as per 
current prices and PPP valuation and Bulgaria has the lowest. South Africa 
markets have the highest Market Capitalization as a percent of GDP. While the 
highest Value of Stock traded as a percent of GDP is observed for China. Chi- 
 

Table 1. Economic and market characteristics of sample countries. 

S.No Countries 
Short Name Used 

in the Paper 
GDP in Billion 
(Current US$) 

GDP Growth 
(Annual %) 

GDP Per Capita 
(Current US$) 

Market Capitalization  
of Listed Domestic  

Companies (% of GDP) 

Stocks Traded, 
Total Value  
(% of GDP) 

1 Argentina AR 545.48 −2.25 12,440.32 11.66 0.80 

2 Brazil BR 1796.19 −3.59 8649.95 42.23 31.24 

3 Bulgaria BG 53.24 3.94 7469.03 9.68^ 0.69* 

4 Chile CL 247.03 1.59 13,792.93 86.01 9.70 

5 China CN 11,199.15 6.69 8123.18 65.37 163.36 

6 Colombia CO 282.46 1.96 5805.61 36.75 5.02 

7 Hungary HU 125.82 2.21 12,814.95 17.93 6.21 

8 India IN 2263.79 7.11 1709.59 69.21 34.99 

9 Indonesia IID 932.26 5.02 3570.29 45.67 9.70 

10 Malaysia MY 296.54 4.22 9508.24 121.33 33.14 

11 Mexico MC 1046.92 2.29 8208.56 33.51 10.69 

12 Pakistan PK 278.91 5.47 1443.63 37.1^ 0.22^ 

13 Peru PE 192.21 3.88 6049.23 42.19 1.40 

14 Philippines PH 304.91 6.92 2951.07 78.63 11.76 

15 Poland PL 471.36 2.86 12,421.32 29.42 9.68 

16 Romania RO 187.59 4.59 9519.88 9.40* 0.81^ 

17 Russian Federation RU 1283.16 −0.22 8748.36 48.48 10.88 

18 South Africa ZA 295.46 0.28 5284.60 321.98 136.21 

19 Thailand TH 407.03 3.24 5910.62 106.37 79.85 

20 Turkey TR 863.71 3.18 10,862.60 19.89 32.63 

 
World WRLD 75,845.11 2.50 10,191.31 98.58 125.57 

Figures as of 2016; *Figures as of 2012, ^Figures as of 2014, Source: IMF. 
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nese and Indian economies are the largest. The exhibit also provides the 
short-names for all the countries used in this paper. 

4. Methodology 
4.1. Asymmetric Dynamic Conditional Correlation  

(ADCC-EGARCH) Model 

Asymmetric dynamic conditional correlation (ADCC) model proposed by Cap-
piello et al. [39] allows for series specific news impact along with smoothing pa-
rameters. It also permits for conditional asymmetries in dynamics of correlation. 
ADCC specifications are suited to study dynamics of correlation among varied 
asset classes and also investigate the presence of asymmetric response in the condi-
tional variances as well as correlations to negative returns. We employ the ADCC 
model to analyze and study the behavior of the sample EMEs including BRICS. 
Integration across varied sub periods cannot be measured by a static measure of 
correlation. Therefore, we use Asymmetric DCC-EGARCH (ADCC-EGARCH) 
model given by Cappiello et al. [39] accounting for heteroscedasticity and also 
continuously adjusting for time varying volatility. ADCC takes into account the 
correlations asymmetry which is observed to rise more post-joint negative shock 
as compared to a positive shock as pointed by Baumohl [49], Exponential 
GARCH (E-GARCH) model accommodates the asymmetries in conditional va-
riances of asset returns, as the bad news have greater impact than good news 
[50]. 

The ADCC-EGARCH as discussed above has been estimated by modifying a 
program in EViews 9 econometric analysis software as per the requirements of 
the study to derive and analyze dynamic correlations for our sample countries. 
Pair wise ADCC is conducted for 20 EMEs. Hence we obtain 190 (20C2) such 
pair-wise correlation series over the entire sample period. Mean ADCC values 
for each pair are then presented in a matrix. Since this study focuses on BRICS 
and other EMEs related to BRICS, the average correlation of BRICS has been 
calculated. The average correlation of each of the EMEs with BRICS has also 
been calculated to see the associations and interaction of BRICS with each of the 
EMEs. To capture the dynamics over the pre/during/post crisis period average 
ADCC values of each of the BRICS with other BRICS members and identified 
sample economies are also calculated. However, ADCC-EGARCH methodology 
used for this study as developed by Cappiello et al. [39] is also presented in brief 
as follows: 

The mean equation is specified as an AR (1) process (based on SIC criteria): 

, , , , 1
1

,
n

i t i i k i t k i US t t
k

r r rα β γ ε− −
=

= + + +∑  

where , ,,t i t EME tr r r=  and ( ), ,,t i t EME tε ε ε= , ( )1| З 0,t t tN Hε − ∼ . Lagged US re-
turns are taken as a proxy for the global effect. Ht is the (n × n) conditional co-
variance matrix, decomposed as 

t t t tH D R D= . 
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Rt represents the time-varying correlation matrix, Dt represents the (n × n) 
diagonal matrix of the time-varying standard deviations for returns, obtained by 
estimating EGARCH (1,1) process which generates conditional variance of the 
residuals from mean equation. EGARCH (1,1)4 model is given as:  

( ) ( ) , 1 , 12 2
, , 1

, 1 , 1

ln ln i t i t
i t i t

i t i t

h h
h h

ω ψ ϕ δ− −
−

− −

= + + +
 

 

Estimation results show presence of long run volatility persistence as is indi-
cated by significant value of ψ coefficient. Estimation results are not shown due 
to scarcity of space. Both ARCH (φ) and GARCH (δ) term measuring size and 
leverage effect, respectively are also found to be significant for all sample mar-
kets. EGARCH model is justified as negative and significant value of δ coeffi-
cient indicates asymmetric effect caused by news on volatility factor which in-
creases more post a negative shock as compared to a positive shock. 

Correlation equation as evolved in ADCC model [39] is given by: 

( ) ( ) ( )1 2 1 1 1 2 1 1 11t t t t t tQ Q gN Q gθ θ θ ε ε θ η η− − − − −′ ′= − − − + + +  

where ( ),t ij tQ q=  is the (n × n) symmetric positive definite matrix of εt, 
( )t tQ E ε ε ′=  is the (n × n) unconditional correlation-matrix of standardized re-

siduals εt, ( )t tN E ηη′=  and the asymmetric term g captures the periods where 
both markets jointly experience negative shock. The scalar parameters θ1 and θ2 
are non-negative and satisfy 1 2 1θ θ+ < . Finally, dynamic correlation matrix 
among the two series is represented by: 

1 1
t t t tP Q Q Q∗− ∗−=  

where t iitQ q∗  =    is diagonal matrix with entries as the square root of ith di-
agonal elements of Qt. 

ADCC as a measure of interactions only gives correlations but not spillovers 
or dominance, however, to study the “to and from” linkages in details, block ag-
gregation technique is used in this study as given under Diebold-Yilmaz frame-
work that was enhanced by Greenwood-Nimmo et al. [3]. 

4.2. Diebold and Yilmaz (2012) Spillover Index  

Diebold and Yilmaz [2] have proposed the Spillover index methodology which is 
based on vector autoregressive (VAR) framework, which allows us to examine 
spillovers across variables. The contribution of shocks from and to each variable 
in terms of each variable’s forecast error variance through variance decomposi-
tion analysis is quantified thereby providing the magnitude and direction of 
spillovers. Diebold and Yilmaz [2] use generalized VAR frame-work of Pesaran 
and Shin (1998) and Koop et al. (1996) which yields forecast-error variance de-
compositions that are invariant to ordering of variables. 

Following the spillover index methodology by Diebold and Yilmaz [2]. The au-
thors estimate the results using RATS10.0 econometric analysis software. The pro-

 

 

4EGARCH (1, 1) is chosen as the preferred model in interest of parsimony of parameters (see Kim 
and Wang, 2006). 
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gram of the said methodology is downloaded from their webpage5 which has been 
modified to analyse the spillovers among the sample markets. Sample series of re-
turns and conditional volatilities derived from EGARCH (1, 1) process along with 
US returns and conditional volatility are provided as input into the software. How-
ever, methodology as developed by Diebold and Yilmaz [2] and Greenwood-Nimmo, 
Nguyen, & Rafferty [3] used for this study is briefly discussed below. 

The N variable VAR of pth order can be written as: 1
p

t i t i tiy yφ ε−=
= +∑ , where 

( )1 , ,t t Nty y y=   is a vector with N endogenous variables, iφ  is N N×  para-
meter matrix and ( )0,tε ∼ Σ  is vector of innovations. Its moving average repre-
sentation is written as: 1t i t iiy Aε∞

−=
= ∑ , where i j i jA Aφ −= Σ  and 1, ,j p=  .  

The H-step ahead forecast error variance decomposition of ith variable which 
can be attributed to shocks for jth variable is: 

( )
( )

( )

211
0

1

0

H
ii i h jhg

i j H
i h h jh

e A e
H

e A A e

σ
θ

−−
=

← −

=

′
=

′ ′

Σ

Σ

∑
∑

, for , 1, ,i j N=   

where Σ  is the estimated variance matrix for the error term of VAR, ijσ  is 
standard deviation for the error term of the ith equation and ie  is the selection 
vector with one for the ith element and zero otherwise. Each forecast error va-
riance decomposition is normalized given by the row sum as:  

( ) ( )
( )1

g
i jg

i j N g
i jj

H
H

H

θ
θ

θ
←

←

←=

=
∑

  

 N N×  Connectedness matrix can thus be constructed using the forecast error 
variance decompositions as follows: 

( )

( ) ( )
( ) ( )

( )
( )

( ) ( ) ( )

11 1 1 2

22 1 2 2

1 2

gg g
N

gg g
N

g g g
N N N N

HH H
HH H

C H

H H H

θθ θ
θθ θ

θ θ θ

←← ←

←← ←

← ← ←

 
 
 =  
 
  







   



 

where ( )g
i j Hθ ←
  measures the pairwise spillover from variable j to variable i. 

4.3. Greenwood-Nimmo [3] Block Aggregation Framework 

While Diebold-Yilmaz framework provides the measure of pair wise directional 
spillovers among individual markets, it does not quantify the spillovers between 
a group of variables, Greenwood-Nimmo et al. [3] extend Diebold-Yilmaz 
framework by exploiting block aggregation of the connectedness matrix which 
applies an aggregation routine for grouping sets of individual variables.  

We, therefore, adopt the same methodology to examine linkages amongst the 
EME including BRICS. We examine the linkages among 20 EMEs and US mar-
ket representing the global market system, wherein each market encompasses 
two variables-return and conditional volatility in a similar manner as in Green-
wood-Nimmo, Nguyen and Shin [3] but with only returns and conditional vola-
tilities. The variables are arranged in the order ( )1 1 2 2, , , , , ,t t t t t Nt Nty r v r v r v=  . 

 

 

5https://estima.com/ratshelp/index.html?dieboldyilmazspilloverpapers.html. 
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Generalized VAR framework adopted in Diebold and Yilmaz [2] ensures that 
forecast-error decomposition is not sensitive to the variable re-ordering and 
hence supports any desired block structure. Therefore, the connectedness matrix 
is arranged in the following form: 

( )

( ) ( )
( ) ( )

( )
( )

( ) ( ) ( )

1 1 1 2 1

2 1 2 2 2

1 2

g g g
N

g g g
N

g g g
N N N N

B H B H B H
B H B H B H

C H

B H B H B H

← ← ←

← ← ←

← ← ←

 
 
 =  
 
  





   



, 

where, ( )
( ) ( ) ( )
( ) ( ) ( )
( ) ( ) ( )

i j i j i j

i j j i j

i j i j i j

g g g
r r r v r s

g g g g
i j v r v v v s

g g g
s r s v s s

H H H

B H H H H

H H H

θ θ θ

θ θ θ

θ θ θ

← ← ←

← ← ← ←

← ← ←

 
 
 =
 
  

, for , 1, 2, ,i j N=   

Total within market forecast error variance contribution for market i is given 
as:  

( ) ( )1g
i i mm

g
i iW H e B H e

m← ←′= ⋅ ⋅ ⋅ , 

and the total pairwise directional spillover from market j to market i (i ≠ j) at 
horizon H is given as: 

( ) ( )1g
j i mm

g
i jP H e B H e

m← ←′= ⋅ ⋅ ⋅ , 

where m is the number of variables that each group is composed of (in this case, 
m = 2) and me  is 1m×  vector of ones. 

Hence, the aggregated connectedness matrix following Greenwood-Nimmo et 
al. [3] can be written as: 

( )

( ) ( )
( ) ( )

( )
( )

( ) ( ) ( )

1 1 1 2 1

2 1 2 2 2

1 2

g g g
N

g g g
N

g g g
N N N N

W H P H P H
P H W H P H

C H

P H P H W H

← ← ←

← ← ←

← ← ←

 
 
 =  
 
  





   



 

Now, total within-market contribution, ( )g
i iW H← , is decomposed into com-

mon-variable forecast error variance contribution within-market i, ( )g
i iO H← , 

and cross-variable effects, ( )g
i iC H← , which are given as follows: 

( ) ( )( )1g g
i i i iO H trace B H

m← ←=  and ( ) ( ) ( )g g g
i i i i i iC H W H O H← ← ←= −  

( )g
i iO H←  is proportion of forecast error variance of ,i ty  not attributable to 

spillovers among moments within market i nor to the spillovers from other 
markets to market i. On the other hand, ( )g

i iC H←  is proportion of forecast er-
ror variance of ,i ty  that is ascribed to spillovers among moments with-
in-market i.  

We can also decompose total pair-wise directional spillovers into com-
mon-variable, ( )g

i jO H← , and cross-variable effects, ( )g
i jC H← , expressed as: 
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( ) ( )( )1g g
i j i jO H trace B H

m← ←=  and ( ) ( ) ( )g g g
i j i j i jC H W H O H← ← ←= − ,  

where i j≠ . 
Here, ( )g

i jO H←  measures proportion of common-variable forecast error va-
riance of ,i ty  that is attributable to spillovers from other markets to the market 
i, while ( )g

i jC H←  captures the proportion of forecast error variance of ,i ty  
that is ascribed to spillovers among moments from other markets to the market 
i.  

Total directional spillover of market i to/from all other markets in the model 
can also be estimated from the connectedness matrix. Total directional spillovers 
transmitted by market i from and to all other markets, in other words, the ag-
gregate from and to connectedness of market i are expressed as: 

( ) ( )1
Ng g

i i jjF H P H← ←=
= ∑



 and ( ) ( )1
Ng g

i j ijT H P H← ←=
= ∑



, respectively. 

Gross and Net directional spillover of market i can be obtained as follows: 

( ) ( ) ( ) g g g
i i iG H T H F H← ←= +

 

 and ( ) ( ) ( )g g g
i i iN H T H F H← ←= −

 

, respectively. 

Similarly, total directional spillover of market i to/from BRICS markets along 
with Gross and Net directional Spillovers of market i (in terms of BRICS) in the 
model is also estimated from the connectedness matrix. 

ADCC as a measure of interactions only gives conditional correlations but not 
spillovers or dominance, thereby not showing flow of information from where 
and to where. Therefore, to study the “to and from” linkages over the first two 
moments in detail, we utilize the Diebold-Yilmaz framework. While Di-
ebold-Yilmaz framework provides the measure of pair wise directional spillovers 
among individual markets, it does not quantify the spillovers between a group of 
variables, Greenwood-Nimmo framework extend Diebold-Yilmaz framework by 
exploiting block aggregation of the connectedness matrix which applies an ag-
gregation routine for grouping sets of individual variables and thereby present-
ing a holistic view over the two moments also providing information regarding 
openness and dominance of a country by Gross and Net Spillovers respectively. 

5. Empirical Results 
5.1. Descriptives 

The descriptive statistics for the sample countries are shown in Table 2. The 
highest daily mean return is for Colombia (0.0815%) and lowest for Poland 
(0.008%). The daily standard deviation as a measure of volatility is highest for 
Turkey (1.95%) and lowest for Columbia (0.976%) followed by Chile (0.987%). 
All return series exhibit negative skewness and high kurtosis (leptokurtic) im-
plying that they are fat-tailed distributions. There is violation of normality as-
sumption as shown by Jarque-Berra (JB) statistics. All sample series are serially 
correlated as indicated by Ljung-Box Q-Statistic. ARCH LM test also shows 
strong evidence of conditional hetroscedasticity implying volatility clustering in  
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Table 2. Descriptive statistics for sample equity markets. 

Country Mean 
Standard 
Deviation 

Skewness Kurtosis Jarque-Bera P-val 
ARCH LM 

Obs*R-squared 
P Ch Sq. LB(12) Prob. Obsv. 

AR 0.00024 0.01720 −0.66 11.57 13,500.36* 0.00 787.9174* 0.00 1133.3* 0.00 4305 

BR 0.00019 0.01626 −0.35 7.65 3967.62* 0.00 862.4861* 0.00 1191.4* 0.00 4305 

CL 0.00023 0.00987 −0.30 11.01 11,581.54* 0.00 609.8632* 0.00 1350.9* 0.00 4305 

CN 0.00027 0.01244 −0.27 8.21 4920.29* 0.00 673.2203* 0.00 1148.6* 0.00 4305 

CO 0.00082 0.00976 −0.09 17.03 35,301.07* 0.00 633.1519* 0.00 1464.8* 0.00 4305 

HU 0.00025 0.01567 −0.29 13.09 18,325.47* 0.00 606.3382* 0.00 1150.6* 0.00 4305 

IID 0.00056 0.01414 −0.56 9.11 6917.06* 0.00 1095.507* 0.00 1328.3* 0.00 4305 

IN 0.00036 0.01198 −0.36 10.50 10,182.90* 0.00 775.5286* 0.00 1276.6* 0.00 4305 

MC 0.00032 0.01187 −0.46 8.86 6306.40* 0.00 1328.804* 0.00 1293.2* 0.00 4305 

MY 0.00019 0.00737 −0.39 7.30 3431.07* 0.00 1082.982* 0.00 1424* 0.00 4305 

PE 0.00056 0.01307 −0.33 8.07 4683.22* 0.00 892.793* 0.00 1121.6* 0.00 4305 

PH 0.00031 0.01112 0.21 12.10 14,901.10* 0.00 746.5212* 0.00 1358.5* 0.00 4305 

PK 0.00027 0.01164 −0.56 8.28 5224.70* 0.00 1128.52* 0.00 1523.1* 0.00 4305 

PL 0.00008 0.01406 −0.30 7.60 3865.33* 0.00 793.8741* 0.00 1175.3* 0.00 4305 

RO 0.00062 0.01104 −0.51 10.68 10,777.68* 0.00 745.2243* 0.00 1342.8* 0.00 4305 

RU 0.00028 0.01703 −0.38 14.72 24,752.76* 0.00 1144.518* 0.00 1232.4* 0.00 4305 

TH 0.00044 0.01149 −0.46 9.05 6712.28* 0.00 508.9526* 0.00 1289.7* 0.00 4305 

TR 0.00012 0.01949 −0.78 14.12 22,618.51* 0.00 1054.976* 0.00 1240* 0.00 4305 

ZA 0.00026 0.01306 −0.36 8.08 4727.57* 0.00 624.01* 0.00 1144.3* 0.00 4305 

Notes: i) JB denotes Jarque-Bera test and has null hypothesis of normal distribution; ii) LB denotes Ljung-Box Q-statistic that is reported at 12th lag; (iii) 
ARCH LM denotes ARCH Lagrange Multiplier test of conditional heteroscedasticity; iv) Obsv. denotes number of observations in the return series; v) “*” 
indicates significance at 0.05 level. 

 
sample series and the need for greater analysis of second moment. Augmented 
Dickey-Fuller Dickey & Fuller (1979) and Phillips & Perron (1998) tests have al-
so been performed as a pre-cursor to time-series analysis. The results presented 
in Table 3 reveal that all sample return series are integrated at level. 

5.2. ADCC Model Results 
5.2.1. ADCC Full Sample Mean Correlation Results  
The dynamic conditional correlation (ADCC Model) is estimated using two-day 
moving average of log-returns to measure the co-movements between the mar-
kets. Sehgal, Gupta, & Deisting [42] find that correlation coefficients for the ad-
vanced economies of the European Economic and Monetary Union (Belgium, 
France, Germany, Italy, Netherlands and Spain) remained over 0.84 during all 
the sub-periods of their study. In contrast, we find that the correlations between 
EMEs including BRICS are moderate. 

Table 4 (Panel: A) provides the average correlation coefficients for all of the 
20 EMEs. The average correlations have been estimated by taking the mean of  
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Table 3. Test of stationarity of sample equity return series. 

Country ADF (level) PP (level) 

AR −15.30557* −35.27552* 

BR −13.28381* −34.22627* 

CL −15.68548* −31.72835* 

CN −10.91453* −34.95765* 

CO −10.94014* −31.53168* 

HU −11.88432* −35.04733* 

IID −10.31783* −32.76139* 

IN −13.88894* −38.31854* 

MC −10.71925* −32.26346* 

MY −11.61185* −32.01808* 

PE −12.18449* −34.37877* 

PH −12.99415* −31.5261* 

PK −12.73938* −32.6695* 

PL −14.89284* −34.02521* 

RO −11.95578* −33.33596* 

RU −9.553872* −33.22577* 

TH −12.40105* −33.10839* 

TR −12.76214* −34.03151* 

ZA −15.04511* −33.90245* 

Notes: i) The value reported is t-stat value of ADF and PP unit root tests; ii) * denotes level of significance 
at 5% whose critical values at 95% confidence level is −3.41. 

 
Table 4. ADCC results of sample equity markets.  

(PANEL A): ADCC Results for Sample Countries  

Country Name 

Country AR BG CL CO HU IID MY MC PK PE PH PL RO TH TR BR RU IN CN ZA 
 

Row/ 
Column 

No. 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 

 

AR 1 
 

0.06 0.36 0.21 0.27 0.15 0.15 0.42 0.01 0.37 0.13 0.29 0.13 0.20 0.24 0.46 0.31 0.16 0.20 0.31 
 

BG 2 0.06 
 

0.08 0.08 0.06 0.07 0.08 0.06 0.05 0.06 0.10 0.08 0.11 0.05 0.06 0.06 0.09 0.10 0.08 0.06 
 

CL 3 0.36 0.08 
 

0.29 0.39 0.23 0.24 0.53 0.02 0.38 0.17 0.45 0.18 0.25 0.40 0.56 0.41 0.25 0.27 0.46 
 

CO 4 0.21 0.08 0.29 
 

0.20 0.14 0.15 0.28 0.05 0.27 0.15 0.25 0.14 0.14 0.21 0.30 0.26 0.17 0.16 0.25 
 

HU 5 0.27 0.06 0.39 0.20 
 

0.23 0.23 0.40 0.05 0.31 0.17 0.60 0.23 0.23 0.40 0.37 0.44 0.25 0.26 0.50 
 

IID 6 0.15 0.07 0.23 0.14 0.23 
 

0.39 0.25 0.07 0.19 0.32 0.26 0.17 0.34 0.20 0.23 0.24 0.34 0.38 0.29 
 

MY 7 0.15 0.08 0.24 0.15 0.23 0.39 
 

0.26 0.08 0.21 0.34 0.27 0.19 0.35 0.22 0.24 0.27 0.32 0.39 0.32 
 

MC 8 0.42 0.06 0.53 0.28 0.40 0.25 0.26 
 

0.03 0.42 0.19 0.48 0.21 0.27 0.42 0.62 0.43 0.29 0.33 0.51 
 

PK 9 0.01 0.05 0.02 0.05 0.05 0.07 0.08 0.03 
 

0.02 0.06 0.02 0.08 0.05 0.03 0.04 0.02 0.06 0.04 0.05 
 

PE 10 0.37 0.06 0.38 0.27 0.31 0.19 0.21 0.42 0.02 
 

0.18 0.33 0.15 0.20 0.29 0.46 0.32 0.22 0.22 0.41 
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Continued 

PH 11 0.13 0.10 0.17 0.15 0.17 0.32 0.34 0.19 0.06 0.18 
 

0.19 0.18 0.26 0.18 0.18 0.18 0.25 0.28 0.22 
 

PL 12 0.29 0.08 0.45 0.25 0.60 0.26 0.27 0.48 0.02 0.33 0.19 
 

0.28 0.28 0.44 0.43 0.51 0.32 0.32 0.55 
 

RO 13 0.13 0.11 0.18 0.14 0.23 0.17 0.19 0.21 0.08 0.15 0.18 0.28 
 

0.16 0.20 0.17 0.21 0.21 0.21 0.23 
 

TH 14 0.20 0.05 0.25 0.14 0.23 0.34 0.35 0.27 0.05 0.20 0.26 0.28 0.16 
 

0.23 0.24 0.26 0.32 0.37 0.30 
 

TR 15 0.24 0.06 0.40 0.21 0.40 0.20 0.22 0.42 0.03 0.29 0.18 0.44 0.20 0.23 
 

0.41 0.39 0.26 0.27 0.46 
 

BR 16 0.46 0.06 0.56 0.30 0.37 0.23 0.24 0.62 0.04 0.46 0.18 0.43 0.17 0.24 0.41 
 

0.43 0.27 0.30 0.47 
 

RU 17 0.31 0.09 0.41 0.26 0.44 0.24 0.27 0.43 0.02 0.32 0.18 0.51 0.21 0.26 0.39 0.43 
 

0.28 0.32 0.49 
 

IN 18 0.16 0.10 0.25 0.17 0.25 0.34 0.32 0.29 0.06 0.22 0.25 0.32 0.21 0.32 0.26 0.27 0.28 
 

0.40 0.33 
 

CN 19 0.20 0.08 0.27 0.16 0.26 0.38 0.39 0.33 0.04 0.22 0.28 0.32 0.21 0.37 0.27 0.30 0.32 0.40 
 

0.36 
 

ZA 20 0.31 0.06 0.46 0.25 0.50 0.29 0.32 0.51 0.05 0.41 0.22 0.55 0.23 0.30 0.46 0.47 0.49 0.33 0.36 
  

(Panel B): Average ADCC Results and Their Comparisons 

Average ADCC 
Between  

Country “i” and 
all other EMEs 

21 0.23 0.07 0.31 0.19 0.29 0.24 0.25 0.34 0.04 0.26 0.20 0.33 0.18 0.24 0.28 0.33 0.31 0.25 0.27 0.35 
BRICS 

AVERAGE 

Average ADCC 
Between  

Country “i” and 
BRICS 

22 0.29 0.08 0.39 0.23 0.36 0.30 0.31 0.44 0.04 0.33 0.22 0.43 0.21 0.30 0.36 0.37 0.38 0.32 0.35 0.41 0.37 

Classification of 
Sample EMEs* 

23 low low high low low low low high low low low high low low low high high low low high 
 

Notes: i) In Panel A the mean ADCC values between sample countries are reported. These figures have been estimated taking the mean of time-varying 
ADCC values; ii) In Panel B the Average of ADCC values for a sample country “i” with other EME. The Average of ADCC for a country “i” with BRICS is 
also provided. This value is then compared with the average of ADCC values among BRICS counties. *Countries that have ADCC values higher than BRICS 
are reported as “high” else “low”. 

 
time-varying ADCC values. The highest average correlation is exhibited by 
Mexico-Brazil (0.624). For Mexico, Brazil is the most important export market 
in Latin America, and the most important destination of foreign investment in 
the region. Further, the presence of Brazil and Mexico is essential for regional 
integration initiatives in Latin American region. Table 4 (Panel: B) shows (i) 
The average correlation of each EMEs with all other EMEs (Row 21), (ii) Aver-
age correlation of each EMEs with BRICS (Row 22) and (iii) Classification of 
each EMEs into High (Low) if average correlation of that EME with BRICS is 
greater (less) than Average correlation amongst BRICS (Row 23). BRICS among 
themselves show an average correlation of 0.366, Within BRICS, South Africa 
exhibits the highest correlation with BRIC as 0.412 and India has the lowest as 
0.321 with other BRICS members. Among the other EMEs, Chile (0.388), Mex-
ico (0.436) Poland (0.426) exhibit higher correlation with BRICS than the BRICS 
average. Hungary (0.364) and Turkey (0.358) have correlations close to the 
BRICS average. Within these EMEs, Mexico has the highest association with 
BRICS followed by Poland. Acronym like BRIC + M has been used extensively to 
define the similarity in terms of economy and other parameters. Mexico has 
taken part in the ninth BRICS summit held in China in 2017 and is also open to 
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increased cooperation with the BRICS as it seeks to diversify its trade alliances 
and export markets. China has already established strategic partnership with 
Mexico and signed FTA’s with Chile. Another popular acronym is BRIC + T 
(Turkey). China and Russia are important trading partners with Turkey. Turkey 
also has foreign trade dependence for inputs that leads to a strong trade relation 
with BRICS. Turkey has also been growing its interest in BRICS and talks have 
been in air since 2010, with a few studies evaluating the feasibility of Turkey and 
Mexico joining BRICS. (Dahlhaus, Guénette, & Vasishtha, 2017; Ersungur, Boz, 
& Çınar, 2017; BRICS Think Tanks Council, 2015; Dahlhaus, 2015; Bacik, 2013). 

Dua & Tuteja [45] identify the Global Financial Crisis from 2008-2009. Fol-
lowing their work, we study our sample in three periods: 1) Pre-crisis period 
from 2001-2007, 2) Crisis period 2008-2009 and 3) Post-crisis period from 2010 
onwards.  

5.2.2. Time Varying ADCC Results 
Figure 1 shows 11 graphs. Graphs (a) to (e) show the average ADCC values of 
each of BRICS with other BRICS markets over the sample period. Graph (f) 
shows the average BRICS ADCC values. Graph (g) to (k) show average ADCC 
values over the sample period of each EME with BRICS (reported only for those 
EMEs that have average ADCC values higher than BRICS namely Chile, Hun-
gary, Mexico, Poland and Turkey. The crisis period has also been highlighted,  
 

 
Figure 1. Time varying ADCC graphs of select emerging equity markets with BRICS. Notes: i) The graphs in the figure show time 
varying conditional correlations of only for those EMEs that have average ADCC values higher than BRICS with rest of the BRICS 
markets, computed from the ADCC model; ii) Graphs from (a) to (e) show average ADCC values of each of BRICS with other 
BRICS markets over the sample period. Graph (f) shows the average BRICS ADCC values, Graph (g) to (k) represent Chile, Hun-
gary, Mexico, Poland and Turkey; iii) The crisis period has also been highlighted, reflected by the shaded region in each graph; iv) 
x-axis represents: Year, y-axis represents: Average ADCC values. 
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reflected by the shaded area. Average correlation for BRICS is 0.318 during the 
pre-crisis period which increased to 0.418 in the crisis period, and marginally 
declines to 0.396 during the post-crisis period. The graphs in Figure 1 show that 
the average correlations have increased in the crisis period. The general increase 
in ADCC values from normal to crisis period may not imply higher (showing) 
integration, but rather depict contagion effects in BRICS and other EMEs. The 
correlation of Mexico with BRICS has increased sharply from 0.377 in the 
pre-crisis period to 0.479 in the post-crisis period. There have been various stu-
dies (Blagrave & Vesperoni, 2018; Cashin, Mohaddes, & Raissi, 2017) that high-
light China’s meltdown in early 2015 with lower growth targets, falling com-
modity prices and depreciating Chinese Yuan against US dollar. The same is re-
flected by steep rise in correlations of China with BRICS, and overall rise in 
BRICS average correlations showing contagion effect among the group because 
of their association with China. 

ADCC is a measure of association only. It does not show interactions and 
hence, analysis cannot be made on information spillovers or dominance. The 
results from the study of “to and from” linkages in details using the Block ag-
gregation technique under Diebold-Yilmaz framework as enhanced by Green-
wood-Nimmo et al. [3] is presented in the next sub-section. 

5.3. Diebold and Yilmaz [2] Spillover Index Results 

We employ full sample Diebold and Yilmaz [2] spillover index methodology The 
analysis is done by estimating the connectedness matrix under Diebold-Yilmaz 
framework wherein optimal lag length is determined by minimizing Schwarz 
Information Criterion (SIC) and forecast horizon is set to H = 10 days.  

5.3.1. Return and Volatility Spillovers 
Spillover index methodology as proposed by Diebold and Yilmaz [2] is em-
ployed to return and conditional volatility of 20 sample markets along with US 
as a global factor that gives a 42 × 42 connectedness matrix. The matrix quanti-
fies magnitude of pairwise linkages between the first two moments of each mar-
ket in the sample. The connectedness matrix depicting pairwise spillovers across 
return and volatility for all 21 markets is presented in Table 5. It presents 
magnitude of pairwise linkages between individual variables for the full sample 
period. The diagonal elements in the matrix represent within moment spillovers 
and off-diagonal elements represent cross-moment/directional spillovers. 

Considering the return spillover across the BRICS markets, within own-market 
spillover ranges around 23%. The cross return spillovers amongst BRICS lie be-
tween 2% to 8% which implies that the given percentage of the return spillovers 
in each market is being explained by each of the other BRICS countries. Consi-
dering other EMEs with BRICS, the return spillovers range from 0.1% to 11.1%. 
Brazil-South Africa, Brazil-Chile, South Africa-Russia, South Africa-Hungary, 
Brazil-Mexico, South Africa-Mexico, Brazil-Peru, South Africa-Peru, Russia-Poland 
and South Africa-Poland have higher than average return spillover (about 6%).  
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Table 5. Return & volatility spillovers for all sample equity markets. 
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Notes: i) Diebold and Yilmaz [2] spillover index methodology is used for return and conditional volatility of 20 sample markets along with US as a global 
factor giving a 42 × 42 connectedness matrix representing the linkages across the two moments of each market (Row 1 - 42, Column 1 - 42). All values are 
measured in percentage. Each Row sums to 100%. “R” after each country represents return, “V” after each country represents volatility. ii) Contribution to 
Others (Row 43) shows the sum of spillovers from the given sample market to all other countries & markets; iii) Contribution to others including own (Row 
44) shows the sum of spillovers from the given sample market to own as well as all other countries; iv) Contribution to BRICS excluding own: (Row 45) 
shows the sum of spillovers from the given sample market to BRICS (excluding own market in case of BRICS); v) Contribution from Others (Column 43) 
shows the spillover from all other markets to the given sample market; vi) Contribution from BRICS excluding own (Column 44) shows the spillover from 
BRICS to the given sample market; vii) NET (BRICS) (Row 46): Row 45 − (Transpose: Column 44): Showing Dominance; viii) Gross (BRICS) (Row 47): 
Row 45 + (Transpose of Column 44): Showing Openness; ix) Volatility spillover index appears in the lower right corner of the Table. 

 
The findings suggest that BRICS and Chile, Hungary, Mexico, Peru and Poland 
have substantial influence on one another as shown by high bidirectional return 
spillovers. With respect to volatility spillovers across BRICS, within own market 
spillovers are around 23% except for South Africa for which it is 11%. Examin-
ing pairwise volatility spillovers amongst BRICS and other EMEs with BRICS, 
Brazil-Chile, Brazil-Mexico, South Africa-Mexico, South Africa-Peru and South 
Africa-Poland are found to be relatively high. This indicates that Mexico, Brazil 
and South-Africa have substantial influence on one another exhibited by high 
bidirectional volatility spillovers. Analyzing the spillovers across return and vo-
latility, the cross-interaction between risk and return is low as much of the inte-
ractions are within its own moment. 

The sum of off-diagonal column elements in the matrix (Contribution to 
Others) or the sum of row (Contribution from Others), gives the numerator of 
Total Spillover Index when summed across countries. Similarly, the sum of 
column or sum of row including the diagonals, when aggregated across all 
countries, gives the denominator of Total Spillover Index. Total volatility spil-
lover index is reflected at the lower right corner of Table 5. It is expressed in 
percentage terms. Total spillover index is at 64.90 percent which indicates that 
the interdependencies among the financial markets are high, as around 65% of 
the forecast errors come from spillovers. The spillover table exhibits an approx-
imate ‘‘input-output’’ decomposition of total volatility spillover index. Table 5 
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also displays Net and Gross Spillovers for all markets and as well as for BRICS. 
Column 43 of Table 5 labeled “contribution from others” sums the directional 
spillovers to market “I” from rest of the sample markets. The row 43 labeled 
“contribution to others” represents the directional spillover from market “i” to 
other markets in the model. Similarly, Column 44 labeled “contribution from 
BRICS excluding own” sums the directional spillovers to market “i” from BRICS 
markets and row 44 labeled “contribution to BRICS excluding own” represents 
the directional spillover from market “i” to BRICS markets in the model. 
Dominance of financial markets can be inferred by directional spillovers “to” 
and “from” other markets that are the two key aspects based on the combined 
effect. Dominance of a country’s market can be established if it influences in 
transmitting information to other markets, but is relatively less influenced from 
them. Therefore, calculating and analyzing difference between “contribution to 
others” and “contribution from others” also known as net spillovers of the fi-
nancial markets is an important tool to evaluate dominance/subordination of a 
given market. In addition, we estimate Gross spillover which is the sum of “con-
tribution to others” and “contribution from others”. Both Net and Gross spil-
lovers have their own relevance in cross country interactions. Gross spillover can 
be a measure of enhanced linkages, thereby showing level of openness of a given 
financial market.  

Since the study focuses on interactions between the BRICS economies, we 
wish to identify other EMEs which have strong interactions with BRICS based 
on equity market analysis and hence can be potential candidates that could be 
considered for expanding BRICS into a more comprehensive EME block. A sim-
ilar computation for BRICS has been repeated. To find the markets having do-
minance over BRICS, we calculate the Net Spillover (BRICS) as the difference of 
contribution of the market to BRICS and Contribution to the market from 
BRICS. A positive value of Net contribution establishes dominance of market in 
transmitting information to BRICS. Gross Spillover (BRICS) refers to the sum of 
contribution of the market to BRICS and from BRICS. The rows 46 and 47 show 
these figures respectively. Analyzing the net spillover results, the authors find 
that within BRICS, Brazil, Russia and South Africa seem to be dominant markets 
based on return spillovers, while the latter (South Africa) is the only dominant 
market among the volatility spillovers shown by positive Net Spillover values for 
these countries. Among other EMEs, Argentina, Chile, Colombia, Hungary and 
Mexico returns dominate BRICS as per return spillovers, while Chile and Pakis-
tan seem to be dominant viz-a-viz BRICS as per volatility spillovers. All these 
markets also exhibit higher level of openness as shown by large Gross Spillover 
Values for them. 

5.3.2. Block Aggregation Approach under Diebold-Yilmaz Results 
Greenwood-Nimmo et al. [3] have given a novel method in which block aggre-
gation approach is used under Diebold-Yilmaz framework to integrate sets of 
individual variables for examining linkages among the group of variables. The 
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block aggregation technique is utilized to capture the spillover effects that flow 
through return and volatility across the EMEs. Therefore, we aggregate first two 
moments by applying block aggregation routine to the 42 × 42 matrix presented 
in Table 5. This helps us to examine linkages among the emerging markets 
flowing through risk and return in a common framework providing a compre-
hensive picture to elucidate their interactions. Table 6 (Panel A) presents 21 × 
21 market connectedness matrix depicts the combined spillovers among the 
sample markets aggregated over the two moments (return and conditional vola-
tility). As in case of Table 5, the diagonal elements of the matrix represent com-
bined within market spillovers and off-diagonal elements represent cross-market 
spillovers. The within market spillover among BRICS range from 20.85% for  
 

Table 6. Block aggregation approach under Diebold-Yilmaz (Equity Market Results). 

Panel A: Total spillovers among the Sample Markets Aggregated over  
the two Moments using Greenwood Nimmo Procedure (Return and Conditional Volatility) 

Panel B 

 

Row/ 
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No. 
AR BG CL CO HU IID MC MY PE PH PK PL RO TH TR BR RU IN CN ZA US 

C
on

tr
ib

ut
io

n 
fr

om
 O

th
er

s 
 

ex
cl

ud
in

g 
ow

n 

C
on

tr
ib

ut
io

n 
fr

om
 B

RI
C

S 
 

ex
cl

ud
in

g 
ow

n 

  
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 

AR 1 56.40 0.74 5.37 1.63 2.66 0.69 4.82 0.47 3.60 0.39 0.29 2.10 1.24 0.73 1.59 5.56 2.38 0.69 0.94 2.59 5.17 43.60 12.14 

BG 2 0.73 71.97 1.44 0.46 1.71 0.50 1.18 0.64 1.06 0.60 0.29 1.00 2.08 0.42 7.79 1.01 1.66 1.41 1.61 0.74 1.76 28.05 6.43 

CL 3 3.85 0.39 27.49 2.54 4.75 0.99 11.04 1.00 6.23 0.43 0.02 4.27 1.67 1.15 2.48 9.19 4.54 1.78 1.56 5.44 9.23 72.52 22.51 

CO 4 1.96 0.15 4.92 47.96 3.87 0.97 5.92 0.54 3.59 0.76 0.55 3.04 1.80 0.97 2.01 4.90 3.86 2.19 1.29 5.37 3.42 52.03 17.60 

HU 5 1.92 0.55 7.05 2.72 25.93 0.61 8.48 0.76 4.91 0.38 0.10 10.45 5.37 1.00 2.58 5.51 5.05 2.00 1.82 5.63 7.23 74.07 20.00 

IID 6 1.90 0.34 5.14 2.94 2.86 36.56 5.98 3.69 4.27 2.01 0.07 3.01 1.61 2.88 2.10 5.68 2.99 4.68 3.77 4.19 3.42 63.47 21.29 

MC 7 3.30 0.28 11.13 2.67 5.28 0.69 24.15 0.77 6.25 0.40 0.05 4.69 1.79 0.90 2.71 10.25 4.35 1.46 1.44 7.01 10.47 75.85 24.50 

MY 8 1.51 0.31 4.73 1.40 3.22 3.55 5.86 39.18 3.26 2.49 0.25 3.23 2.08 2.48 2.61 4.83 2.82 3.32 4.31 4.30 4.30 60.82 19.56 

PE 9 3.09 0.37 9.23 2.66 4.54 0.82 8.69 0.81 33.32 0.52 0.11 3.38 2.16 1.04 1.82 7.51 3.80 1.69 1.59 5.27 7.64 66.70 19.85 

PH 10 1.84 0.44 5.50 2.73 2.96 3.73 6.62 3.18 4.28 36.68 0.20 2.81 2.66 2.24 2.49 4.60 2.71 2.93 3.62 3.39 4.43 63.32 17.24 

PK 11 0.72 0.11 0.89 1.77 1.01 0.59 1.79 0.40 0.47 0.42 82.23 0.97 1.44 0.36 0.56 1.08 0.81 1.24 0.40 1.07 1.73 17.77 4.59 

PL 12 2.31 0.46 6.47 2.18 11.26 0.96 7.96 1.03 4.34 0.38 0.12 26.82 3.77 1.08 3.14 5.66 4.96 2.18 2.21 7.05 5.70 73.18 22.06 

RO 13 1.19 0.90 3.92 1.58 4.96 0.95 5.04 1.22 2.61 0.79 0.62 5.69 46.79 1.06 1.53 3.23 4.16 3.45 2.66 3.49 4.22 53.23 16.98 

TH 14 1.37 0.13 3.55 1.02 1.75 2.48 4.23 2.36 2.88 1.05 0.32 2.13 1.23 57.14 1.74 3.36 2.32 2.69 2.50 2.59 3.22 42.87 13.45 

TR 15 1.89 1.18 4.23 1.81 4.27 0.85 5.35 1.01 2.89 0.59 0.10 4.65 1.12 0.99 48.12 4.50 4.54 2.10 1.59 4.41 3.85 51.88 17.13 

BR 16 3.99 0.19 10.79 2.36 5.13 0.77 12.04 0.85 7.13 0.38 0.09 4.27 1.87 0.97 2.54 23.50 4.26 1.52 1.67 6.96 8.76 76.49 14.40 

RU 17 2.98 0.35 6.60 2.69 6.43 0.93 7.82 1.20 4.71 0.42 0.04 6.95 2.45 1.28 2.89 7.41 26.73 2.83 3.07 6.97 5.31 73.28 20.27 

IN 18 1.85 0.34 5.27 3.83 4.10 2.95 6.37 2.71 4.39 1.30 0.39 3.95 3.20 2.13 3.02 4.90 3.89 30.90 4.67 5.06 4.83 69.12 18.52 

CN 19 2.75 0.47 6.53 2.53 4.27 2.87 7.41 3.73 5.37 1.26 0.10 4.25 3.49 2.26 2.69 6.02 4.42 4.58 23.96 5.59 5.53 76.07 20.60 

ZA 20 2.43 0.16 8.08 3.12 7.20 1.04 10.08 1.56 7.18 0.52 0.21 6.46 2.22 1.23 3.42 8.11 5.25 2.08 1.95 20.86 6.92 79.18 17.39 

US 21 3.78 0.61 9.11 1.97 5.09 0.59 13.00 0.58 6.12 0.46 0.08 4.32 2.29 0.83 2.28 8.16 4.94 1.66 1.30 4.55 28.34 71.67 20.61 
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Continued 

Panel B: Net/Gross Spillovers to all Markets and Net/Gross Spillovers to BRICS 
Total 

Spillover  
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22 101.70 80.39 147.39 92.53 113.19 64.03 163.79 67.62 118.82 52.18 86.18 108.39 92.28 83.11 100.05 134.94 100.39 77.33 67.87 112.49 135.43 61.20 
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23 45.31 8.43 119.90 44.58 87.26 27.48 139.65 28.44 85.50 15.51 3.95 81.58 45.49 25.97 51.93 111.45 73.67 46.43 43.91 91.63 107.09 
  

N
ET
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24 1.71 −19.62 47.38 −7.45 13.20 −35.99 63.80 −32.38 18.81 −47.82 −13.82 8.40 −7.74 −16.90 0.05 34.96 0.38 −22.69 −32.16 12.46 35.42 
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SS
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25 88.90 36.47 192.41 96.60 161.33 90.94 215.49 89.26 152.20 78.83 21.73 154.76 98.72 68.84 103.81 187.94 146.95 115.55 119.98 170.81 178.76 
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26 14.00 1.51 37.25 14.52 27.12 8.54 43.72 10.04 28.77 3.87 0.81 25.87 13.22 7.86 14.55 26.44 17.82 10.99 11.35 24.58 31.34 
  

N
ET

  
(B

R
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27 1.86 −4.92 14.75 −3.08 7.12 −12.75 19.22 −9.52 8.93 −13.37 −3.78 3.81 −3.76 −5.59 −2.58 12.04 −2.46 −7.53 −9.25 7.20 10.73 
  

G
R

O
SS

  
(B

R
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28 26.14 7.93 59.76 32.12 47.12 29.83 68.22 29.60 48.62 21.11 5.40 47.93 30.20 21.31 31.68 40.84 38.09 29.51 31.95 41.97 51.94 
  

Notes: i) Greenwood-Nimmo et al. [3] block aggregation approach is used under Diebold-Yilmaz framework to integrate a set of individual variables to 
examine linkages of 20 sample markets (along with US as a global factor) giving a 21 × 21 connectedness matrix depicting the total spillovers among the 
sample markets aggregated over the two moments (return and conditional volatility). (Row 1 - 21, Column 1 - 21) All values are measured in percentage. 
Each Row sums to 100%. ii) Contribution to others including own (Row 22) shows the sum of spillovers from the given sample market to own as well as all 
other countries; iii) Contribution to Others (Row 23) shows the sum of spillovers from the given sample market to all other countries & markets; iv) Con-
tribution from Others excluding own (Column 22) shows the spillover from all other markets to the given sample market; v) NET Contribution: Row 23 − 
(Transpose of Column 22): Showing Dominance. (Row 24); vi) Gross Contribution: Row 23 + (Transpose of Column 22): Showing Openness. (Row 25); vii) 
Contribution to BRICS excluding own: (Row 26) shows the sum of spillovers from the given sample market to BRICS (excluding own market in case of 
BRICS); viii) Contribution from BRICS excluding own (Column 23) shows the spillover from BRICS to the given sample market; ix) NET (BRICS): Row 26 
− (Column 23): Showing Dominance of the sample market over BRICS. (Row 27); x) Gross (BRICS): Row 26 + (Column 23): Showing Openness of the 
sample market with BRICS.(Row 28). 

 
South Africa to 30.89% for India. Similar to Table 5, the sum of off-diagonal 
column elements in the matrix (Contribution to Others) or the sum of row 
(Contribution from Others), gives the numerator of Total Spillover Index when 
summed across countries. Similarly, the sum of column or sum of row including 
the diagonals, when aggregated across all countries, gives the denominator of 
Total Spillover Index as shown in the right corner of Table 6. It is expressed in 
percentage terms. Total spillover index is approximately 61 percent which indi-
cates that the interdependencies among the markets are high as over 60% of the 
forecast errors come from spillovers. Table 6 (Panel B) displays Net and Gross 
Spillovers for all markets and as well as for BRICS computed separately as done 
in Table 5. Russia, India and China are the net receivers of total spillovers, 
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meaning that the information arising from Brazil and South Africa have spillov-
er implications for Russia, India and China. Brazil and South Africa are net 
transmitters of information to the other members of BRICS which is shown by 
positive Net (BRICS) Contribution (Row 27). Countries namely Chile, Hungary, 
Mexico, Peru and Poland have a positive Net contribution and also a high value 
of Gross contribution. High value of Gross contribution of these markets also 
reflects higher level of Globalization/Openness (Row 28). 

5.3.3. Rolling-Sample Analysis: Time Varying Spillover Results 
The static spillover results are supplemented with rolling window analysis to 
capture the time-varying characteristics of the spillover indices. We present re-
sults with h = 10 days and a rolling window of 250 days. Figure 2 depicts 
dynamic total spillover index for all sample emerging markets using 250 day 
rolling window for estimation and 10 day forecast period. The shaded area 
presents the crisis period. We notice increase in spillover effect since 2005 and 
then a steep fall in 2012. The time varying evolution of Gross and Net spillovers 
of BRICS along with Chile, Hungary, Mexico, Peru and Poland with all the sam-
ple EMEs including BRICS is presented in Figure 3 and Figure 4 respectively. 
Figures (a) to (e) represent BRICS, (f) to (j) represent EMEs (reported only for 
those EMEs that have high Gross Spillover (BRICS) values and a positive NET 
Spillover (BRICS)). Highlighted portion marks the crisis period. As stated earli-
er, a positive NET contribution means that the market is able to influence in 
transmitting information to EMEs including BRICS, but is relatively less influ-
enced by EMEs including BRICS. Countries namely Brazil, South-Africa, Chile, 
Hungary and Mexico have high positive NET contributions throughout the  
 

 
Figure 2. Dynamic total spillovers for all the sample equity EMEs. Notes: i) The graph in 
the figure shows Dynamic Total Spillovers for all the sample EMEs including BRICS for 
the entire period of study; ii) Dynamic spillover index is obtained using 250 day rolling 
window for estimation and 10 day forecast period; iii) Crisis period is highlighted, reflected 
by the shaded region; iv) x-axis represents: Year, y-axis represents: Total Spillover (%). 
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Figure 3. Dynamic gross spillovers for select equity EMEs including BRICS. Notes: i) The graphs in the figure show Dynamic 
Gross Spillovers for only those EME that have high Gross Spillover (BRICS) values and a positive NET Spillover (BRICS) with 
all the sample EMEs including BRICS for the entire period of study; ii) Graphs from (a) to (e) represent BRICS, (f) to (j) 
represent Chile, Hungary, Mexico, Peru and Poland respectively; iii) Dynamic spillover index is obtained using 250 day rolling 
window for estimation and 10 day forecast period; iv) Crisis period has also been highlighted, reflected by the shaded region in 
each graph; v) x-axis represents: Year, y-axis represents: Gross Spillover (%). 

 

 
Figure 4. Dynamic net spillovers for select equity EMEs including BRICS. Notes: i) The graphs in the figure show Dynamic Net 
Spillovers for only those EME that have high Gross Spillover (BRICS) values and a positive NET Spillover (BRICS) with all the 
sample EMEs including BRICS for the entire period of study; ii) Figures (a) to (e) represent BRICS, (f) to (j) represent Chile, 
Hungary, Mexico, Peru and Poland respectively; iii) Dynamic spillover index is obtained using 250 day rolling window for es-
timation and 10 day forecast period; iv) Crisis period has also been highlighted reflected by the shaded region in each graph; v) 
x-axis represents: Year, y-axis represents: Net Spillover (%). 
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sample period. As mentioned earlier, Gross spillover shows level of openness 
and Net spillovers show dominance.  

6. Summary, Conclusion and Policy Implications 
6.1. Summary and Key Findings 

In this paper, dynamic interactions between BRICS (Brazil, Russia, India, China 
and South Africa) and other EMEs over the period January 2001 to June 2017 is 
investigated. The data comprises of daily values of MSCI stock price indices for 
the stated 23 Emerging Markets Economies as provided by IMF 2015 list [1]. 
However, Bangladesh, Ukraine and Venezuela have been excluded from the 
study due to lack of availability of sufficient data, finally covering 20 emerging 
markets including BRICS. Data for US has been included additionally as a proxy 
for Global market factor. Using appropriate econometric techniques, it is found 
that within BRICS, South Africa has the highest association with other members 
of the block and India has the lowest association with other members. With re-
spect to other emerging economies Chile, Mexico and Poland exhibit higher as-
sociation with BRICS as compared to BRICS average, with Hungary and Turkey 
being close to the average. Further, it was found that South Africa and Brazil 
dominate other BRICS members. Associations in the group and other select 
EMEs seem to have increased during the crisis and post-crisis period but this 
may reflect contagion. 

Based on prior research work; fiscal position, stock market performance, trade 
linkages were some factors that were identified as key drivers of equity market 
integration. It will further be interesting to study emerging economies on similar 
framework. Most of BRICS economies have wide differences in their economic 
indicators. Among the macro-economic factors, current account balance (as a 
percent of GDP) in China and Russia has stayed positive and in Brazil, India and 
South Africa ranged between −0.6% to −5.9% during the study period. This re-
veals that all BRICS countries do not have a similar current account position, 
which may result in a lower level of integration as compared to other blocks in 
the developed world. Among the trade factors, over the period of study, BRICS 
has emerged as a key player of global trade. Between 2001 and 2015, the contri-
bution of BRICS in imports and exports worldwide increased from 7% to 15% 
and 8% to 18%, respectively. Overall BRICS global trade increased over six times 
during the period. Throughout these years, BRICS as a group witnessed trade 
surplus with all other economies of the world that stood at around US$640 bil-
lion in 2015. While the group’s trade with the rest of the world shows a strong 
upward trend between 2001 and 2016, it, however, suffered two small setbacks 
following the global financial crisis in 2008 and the drop in global commodity 
prices in 2014. 

6.2. Conclusion 

Based on the findings of this paper, it is advisable to extend the BRICS into a 
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broader and more relevant block as “Emerging Market Economic Community” 
including Mexico, Chile, Poland, Hungary and Turkey. The new block will ac-
count for a much wider market, with Brazil, Mexico and Chile representing the 
emerging markets in South America. Mexico is one of the most looked after 
countries in Latin America and is also a member of NAFTA. Further Mexico’s 
mixed blessing of sharing its border with US can prove to be an important 
member of the group. China, Russia and India represent Asia. South Africa is 
the strongest economy in the African continent. Hungary, Poland and Turkey 
represent the chief emerging economies in Europe. Turkey is also regarded as a 
gateway to Middle East. Turkey’s strategic location between Europe, Middle East 
and Central Asia and its fast modernizing and industrializing economy will in-
crease the group’s influence in Europe and Middle East.  

6.3. Policy Implications  

The study has important implications for policy makers, international economic 
agencies, investors and academia. For policy makers around the globe, the study 
is of particular relevance as it suggests expanding the existing economic block by 
including Mexico, Chile, Poland, Hungary and Turkey. The expanded block will 
be more capable in achieving political influence, enhanced economic and trade 
linkages amongst economies as well as developing a coordinated response to 
global risks including financial contagion. For international economic agencies 
like World Bank and International Monetary fund the setting up of New Devel-
opment Bank by BRICS will challenge the monopoly of these institutions by 
providing alternative sources of finance at ease to the emerging economies. 
Inclusion of new members will increase the bank capital base and ease the prob-
lems faced by emerging economies in procuring finance. The proposed group 
shall be a combination of heterogeneous markets and for investors, this ex-
panded group will provide risk diversification opportunities as the block cur-
rently exhibits relatively low correlations as compared to developed economies. 
The expanded block will also be able to compete with the G7 economies in the 
near future, thereby challenging their influence in the world economic order and 
international institutions. This proposed group can emerge as the new growth 
engine of the world and provide balance in economic power between the devel-
oped and the developing world. For academic community, this paper is useful in 
better understanding of the information linkages between the geographically 
dispersed economic block with member counties exhibiting different political 
and cultural environment. The study contributes to the existing literature by 
examining candidacy of EMEs and the possibility of expanding the existing 
block to form “Emerging Markets Economic Community” as a more viable 
Emerging Market Block in the future. 
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