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Abstract
The present study investigates the causal and spillover dynamics concerning ESG indices across four BRICS nations to understandthe responsiveness of these nations towards Green Finance and Green Economy, a collective vision of the BRICS nations. The studycovers five years, from April 2018 to March 2023, and closing price data has been collected from the MSCI ESG Leaders Index Seriesfor four BRICS nations. Brazil, India, China, and South Africa. The model employed was the VARMA-GARCH Spillover Model,where spillover was measured through residuals. The model measures both mean and volatility spillover across BRICS for threeBRICS economies, viz. South Africa, China, and Brazil, the variant used was VARMA (1,1) -GARCH (1,1), while for India, the modelVARMA (1,2)-GARCH (1,1) was considered. The additional MA term for India was warranted to make the Spillover model for Indiafree from serial correlation. The study also tested for causality, and with all variables being I(1) stationary, the model selected wasToda and Yamamoto (1995) modified ‘F’ causality. The model diagnostics considered for the study included ARCH effects and SerialCorrelation. Amongst the study results, mean spillover was not seen. However, the volatility spillover from both India and Chinatowards South Africa and again from India towards China was seen in the study results. No other spillover was noticed amongstany other BRICS nations. Further, ARCH and GARCH terms of all the countries in the volatility equation were added to <1, showingpersistence to go away over time. All the variables were stationary at I(1), as seen from the ADF breakpoint unit root test. Thecausality results showed unidirectional movement from ESG India to ESG China and ESG Brazil indices. The results do not give anyconcrete evidence of any collective responsiveness of the four BRICS nations towards Green Finance. Leaving apart select volatilityspillovers towards South Africa, the integration through spillover concerning ESG indices appears somewhat limited. These resultssomewhat contrast with a study by Rehman et al. (2021), where they noticed integration among ESG indices for BRICS nations.
Keywords: BRICS, ESG, VARMA-GARCH Spillover, Causality, Model Diagnostics.

1 Introduction

Several factors play an essential role in determining the selection of securities and the latest addition to this list is how aCompany adheres to environmental, societal, and governance principles or ESG principles. The acronym ESG includes
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issues relating to the environment (emissions, energy usage, and climate change), society (human rights and genderequality, safety, security, and fair trade practices), and governance (stakeholders protection, disclosure, independence ofboards), all clubbed together into one. The term saw its first appearance in a 2004 UN report ‘Who cares wins: Connectingfinancial markets to a changing world’ (Compact, 2004) and is very closely related to other terms like sustainable investing,ethical investing, responsible investing, impact investing and so on. Thus, ESG plays a supportive role in traditionalfinancial analysis; e.g., ESG would support business practices and ventures that do not harm the environment, and aCompany may be forced to switch to a product that generates biodegradable waste rather than non-biodegradable waste.Furthermore, since ESG shows a way to include responsible and sustainable practices within organizations, investors alsoshow a keen interest in this concept, ensuring that companies are more committed to ESG principles. (Sun et al., 2011).Today, many investors want Companies to act responsibly and not just focus on financial returns impact. A study by MSCIcovering around 200 institutions showed that in 2020, 3/4th of institutions surveyed had increased investments in ESGeither ‘significantly’ or ‘moderately.’Apart from returns, benefits which investors expects from companies following ESG principles, include transparency inreporting, greater market efficiency, and lower information asymmetry. However, much also depends upon how stringentthe state implements the regulations. The efficiency of financial markets also impacts ESG investments, and there isenough evidence proving that the higher the market efficiency, the more responsible investing will be. Higher efficiencyalso reduces market predictability, keeps away speculative investors, and attracts responsible investors who value such acause. (Mynhardt, et. al., 2017).On the other hand, the initial spadework for ESG must come from companies through their CSR principles. Throughproper CSR funding, Companies improve their reputation and signal the quality of their products, thereby creating apositive image amongst consumers. Further, to ensure that Companies do not shy away from their CSR responsibilities,environmental and social pressure groups now exist in many countries (Friedman & Miles, 2001; Fombrun & Shanley,1990).According to Hong and Scheinkman (2012), for successful CSR implementation, it is also essential that the Companiesbe financially strong. Most such companies also undertake a social cost-benefit analysis to determine Social IRR for anyventure undertaken to meet their CSR responsibilities. Thus, it would not be incorrect to say that there are no free lunchesin the mission towards ‘corporate goodness’. According to McWilliams et al. (2006), the maturity of a Company’s corporateresponsibility, to a great extent, is linked to the stage of development of the economy. This can be seen from the nature ofstakeholders’ demand to implement CSR in companies, which varies substantially across economies. Bad CSR policies cansometimes result in stakeholders’ loss of trust and reputation and may even lead to a boycott of the goods produced by thefirm. (Bassen et al., 2006).Investors often speak of ‘ESG alpha,’ an alpha built up after considering ESG Principles as against standard ‘alpha,’which is independent of such ‘restrictions.’ Restrictions under ESG alpha would imply restricting investments in specificcategories of companies, including companies involved in tobacco, arms, and ammunition and companies carrying outbusiness that result in violation of any kind, like climate change violations, human rights violations, and so on. Thisrestricts the universe of investments for a fund manager, and the manager is compelled to generate ‘alpha’ from fewercompanies. Reporting results of a fund manager’s survey, Kim & Li (2021) pointed out that most (72 %) of the respondentsincorporated ESG principles in their investment decisions, while 90 % believed that ESG-integrated portfolios shouldoutperform non-ESG-integrated portfolios. Many organizations like Moody’s Vigeo-Eiris and Morningstar’s Sustainalyticshave shown interest in compiling and providing ESG Data to users. Such organizations develop parameters to evaluatecompanies on ESG Scales, similar to what rating agencies are known for. The data these organizations provide is nowprimarily used to develop ESG indices, popular ones being the Dow Jones Sustainability Index and the MSCI World ESGLeaders Index (Eccles & Stroehle, 2020; Neto & Fontgalland, 2023).Among the BRICS, Brazil was the earliest to include an index on ethical investments in 2001. It was followed by SouthAfrica, which launched its JSE SRI Index in 2004. Both India and China introduced ethical investments into stock indices in2008.
2 REVIEW OF LITERATURE

ESG research is relatively recent origin as the term itself came into existence in 2004. However, there is evidence that theresearchers carried out similar kinds of research in the past, focusing on socially responsible and ethical funds. Further, itwas only after launching the acronym ‘ESG’ that investors started making explicit distinctions between ESG, ResponsibleInvesting, and Impact Investing. Thus, whereas ESG would look at the environment from the perspective of social andgovernance practices, besides traditional financial measures, responsible investing would choose an investment on ethicalgrounds. Finally, impact investing aims to promote companies that make a social or environmental impact.Coming to the past studies in this area, research primarily involved comparing the performance of responsible investingto conventional investing revolving around three possible hypotheses, the first being the ‘no effect’ hypothesis, statingthat responsible funds neither perform better nor worse than conventional investments and those who have found thishypothesis to be true included Abidin & Gan (2017); Rehman et al., (2021); Junkus, & Berry (2015) amongst others. Thesecond hypothesis, ‘doing good but not well,’ shows that responsible investments tend to underperform conventionalinvestments. Finally, the third hypothesis, ‘doing good while doing well,’ reflects better or outperformance of responsiblefunds as compared to conventional investments, and contributors who agree to this hypothesis include Elaut et al. (2015);
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Statman (2000); Hamilton et al., (1993) amongst others.On the other hand, some researchers have argued against comparing the performance of responsible funds withconventional funds due to the difference in valuation methodology between the two funds. In contrast, responsible fundsare valued based on the current holding methodology; the historical holdings approach is usually applied to conventionalfunds (Elaut et al., 2015).Furthermore, after the entry of ESG funds, researchers too initially applied a similar approach of comparative assessmentwith conventional funds using risk-return dimension, and studies include Pérez-Gladish et al. (2013) and Managi et al.(2012), both studies failed to find any evidence of ESG funds performing better than the conventional funds. On the otherhand, Kanamura (2022) found that the difference in performance of ESG and conventional indices was only temporary, andthe two tend to converge over time. They further noticed that the ESG indices did not fully reflect the environmental aspectsof ESG. Then, in their study, Ashwin Kumar et al. (2016) showed that ESG implementation differed significantly acrosssectors. Therefore, they suggested that a fund manager would be better off by avoiding clubbing industries in differentsectors as one unit. Cornel (2021) further argued that many ESG firms were valued at higher multiples; hence, higher riskpremiums were attached. According to him, this translated to lower returns than conventional firms.Thus, several studies have also compared the performance of ESG funds with conventional funds during a crisis. Astudy by Leite and Cortez (2015) revealed that ESG funds outperformed conventional funds only during crises but notregular periods. This observation was made during the 2008 Crisis period. Therefore, the researchers concluded thatESG funds’ performance was well below conventional funds during regular periods. Similar results were also observed byChiappini et al. (2021); however, the crisis here was Covid 19. In yet another study focussing on the crisis period, Pástor andVorsatz (2020) showed that not only do funds with sustainability appeal perform better during a crisis, but investors alsolook at these funds as a protection of their values during any major crisis. Wadhwa (2017) concluded that the global crisiswas responsible for transforming the mindset of many firms, which initially considered non-financial information as awasteful exercise, while after the crisis, such firms started considering the same as a valuable input for decision-making.Folger-Laronde et al. (2022), on the other hand, however, found the ESG index to be less transparent, especially during theCOVID-19 pandemic, and the index was equally vulnerable to market downturn like any other market index. Similarly,working during the crisis period, Demers et al. (2021) showed that the returns from ESG indices were in no way superiorto other broader indices. They further questioned the point raised by some researchers, who generalized that the CSRphilosophy was somewhat resilient during Subprime and should be extended to ESG during COVID-19.Some studies have found ESG funds to outperform conventional funds at all times and also generate superior returns.Neto & Fontgalland (2023) conducted one such study on BRICS economies. They showed that the profitability of ESGindices was higher than their country’s broader market indices on average. They also could find risk (volatility) higherfor non-ESG Companies than those included in ESG. Amongst other studies proving ESG’s superior performance wereStatman (2000) for US markets and Cortez et al. (2012) on European Markets. Charlo et al. (2015) found that firms listed onSpain’s sustainability index performed better than those listed on conventional indices.A report by Whelan et al. (2021) for the NYU Stern Center for Sustainable Business showed that the relationship betweenESG and financial performance was generally positive. Such funds could generate positive alpha, and their Sharpe ratiowas even better than that of conventional funds. Their report showed that 59 percent of such funds perform similarly orbetter than conventional investments. Thus, the above review of studies on returns of ESG funds reveals near consensussuperior performance of such funds during crisis periods and a mixed type (better, worse, or at par) performance comparedto conventional funds during regular periods. Further, despite diverse views on ESG returns, there appears to be someconsensus on ‘return volatility’ for the ESG funds and indices, and most studies have found this to be lower than prominentbroader indices. (Neto & Fontgalland, 2023; Ashwin Kumar et al., 2016; Hoang et al., 2021; Mousa et al.,2021; El Bannan,2024).Again, there is also a near consensus amongst the existing researchers that irrespective of the current performance of ESGindices; these are likely to outperform most conventional indices in the long run. It thus appears that investors seem tohave realized the potential of such funds, and the same argument has been supported by the figures which reveal thatinvestment in ESG firms has gone up exponentially during the recent past, e.g., for US Markets investment in ESG fundshave increased roughly ten times in two years; from 5 billion US $ in 2018 to more than 50 billion US $ in 2020.In their studies, the researchers have addressed a few other dimensions concerning ESG investments, including banksand financial institutions’ lending policies toward companies with vital ESG records. Bassen et al., 2006 showed howlenders attach a sustainability angle while lending, which results in borrowing at lower interest rates for these companies.Another dimension explored for ESG investments is market risk and stock betas of companies with good ESG records. Astudy by Amel-Zadeh and Serafeim (2017) showed that ESG assets had less systematic risk and, therefore, managed toreduce the impact of negative externalities by making them less painful. Then, another dimension explored ESG policies ofsusceptible industries like steel, and Garcia et al. (2017), focusing on ESG analysis of environmentally sensitive industries,showed that contrary to the general belief, such industries did pose a superior performance concerning the environment.The last dimension concerns comparing the performance of ESG funds across countries, and our research could identify onlytwo studies; first was a study by Rehman et al. (2021) where they found that ESG indices across BRICS were co-integratedwith conventional indices in their own respective country and also with other ESG indices across BRICS while Neto &Fontgalland, (2023) in their study showed that profitability of ESG indices in all BRICS was higher than their broadermarket indices.
Research Gap Considering the above literature review, it was decided to extend the research work undertaken by twostudies on ESG investments in BRICS by incorporating two new tools, viz. causality and volatility spillover across BRICS
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nations; the same has not been considered in the two studies discussed above. Thus, according to our understanding,considering the growth potential of BRICS nations and with many standard features across BRICS, including a solid agrarianbase, natural resources in abundance, and a fast-evolving services sector, a growth story which is although familiar to eachBRICS has a separate structure, there exists a high probability of a cause-effect relation in the returns and spillover in thevolatility of returns of the ESG investment across BRICS nations (Sharma & Shahani, 2018). The same was seen in a studyby Latha and Kumar (2016), where they found causal and co-integrating relations between equity markets of all five BRICSnations for the entire period and the two sub-periods before and after the global financial crisis.
3 Data

The study selected four ESG indices from the MSCI ESG Leaders Index Series: MSCI Brazil, China, India, and South Africa.Russia was excluded from the study for being at war for more than two years, which could have impacted the reliability ofdata and the study results. For example, in 2021, the MSCI Russia index gave a positive return of 19%; this became negative100% in 2022. Such extreme volatility in returns was not seen in any other country, and the ongoing war could be theprime reason for such extreme volatility.Furthermore, to obtain ESG indices, the study could have employed another source: S&P Dow Jones ESG indices. However,the same was not used due to some ambiguity in South Africa’s ESG index. On the other hand, MSCI ESG indices were foundsuitable for the current study as a similar methodology was employed in constructing all the indices, thereby facilitatingease of comparison. Moreover, since all the quotes were in the same denomination, i.e., US Dollars, inflationary pressuresand currency fluctuations on index movement could be minimized, thus enabling conformity. Then, all four indiceswere constructed by drawing companies from their respective ‘Parent Indices,’ thereby ensuring that the weight of thesectors reflected in ‘Parent’ indices gets retained while forming ESG indices (www.msci.com). Furthermore, supposewe observe the information provided as a footnote in Table 1, which gives the beta and annualized standard deviation ofeach country’s MSG ESG Index and the ‘parent’ index. In that case, we observe that these are pretty close to each other. Acomparative analysis of annual performance (%) of each country’s ESG index with their ‘Parent Index’ for the fourteenyears, 2009–2022, is shown in Table 1 below:
Table 1: Comparative analysis of annual performance (%) of each BRICS’s ESG index with their ‘Parent Index’ for the

period 2009-2022

Year Brazil India China South AfricaMSCI ESG MSCI ‘Parent’ MSCI ESG MSCI ‘Parent’ MSCI ESG MSCI ‘Parent’ MSCI ESG MSCI ‘Parent’2022 -7 -3.6 -9.5 -7.9 -26.5 -21.8 -5.8 -3.02021 -28.5 -18 21.8 26.2 -22.6 -21.6 5.9 4.32020 -1.4 2.1 22.8 15.6 34.9 29.6 -5.1 -3.52019 22.4 26.7 11.7 7.6 31.9 23.6 8.8 10.72018 11.5 12.3 -2.8 -7.3 -26.3 -18.8 -25 -24.32017 23.5 23.3 37.7 38.8 65.3 54.3 49.6 36.92016 23.9 32.7 -2.25 -1.4 7.6 1.1 22.6 18.42015 -13.7 -15.8 2.3 -6.1 3.5 -7.6 -25.2 -25.12014 8.1 -6.9 21.9 23.9 13.2 8.3 11.5 5.72013 0.1 -6.3 7.6 -3.8 15.3 3.9 -5.6 -5.82012 15.4 5.9 17.9 25.9 27.1 23.1 31 192011 -10 -15.6 -31.1 -37.2 -8.8 -18.2 -9.08 -14.42010 4.5 -1.2 28.7 20.9 3.8 4.3 39.44 34.22009 60 65.4 113.9 102.81 47.4 62.6 58.8 57.8
Beta of theIndex (till datesince inception) 0.98 1.0 0.9 1.0 0.95 1 1.02 1
10 yr S.D(% annualized) 23.3 22.5 18.23 19.1 25.5 23.6 25.7 25.1
Source: www.msci.com

The analysis of annual performance across each of the BRICS nations reveals the following:
BrazilThe MSCI ESG index appears to have performed better than the ‘Parent’ index from 2010 to 2015. However, in 2015, the‘Parent’ index delivered a superior performance, especially during the last five years (2017-2022). Furthermore, sincethe period (2017-2022) coincided with global turmoil in stocks due to COVID-19, if we were to assess the performanceof two indices, then the ‘Parent’ index appears to have performed better. Then, even for 2020, the year most affected byCOVID-19, the ‘Parent’ index performs better than the MSCI ESG Index.
IndiaNo clear pattern is visible regarding performance. The ‘Parent’ Index performs better than MSCI ESG in seven out of 14
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years, with reversal visible for the remaining seven years.
ChinaMSCI ESG performed better than the ‘Parent’ Index in 11 out of 14 years. However, there appears to be some indicationof reversal during the last two years (2021 and 22) when the country’s stock markets witnessed a fall and yielded recordnegative returns. Although both the ‘Parent’ and ESG indices showed negative returns during these two years, the ‘Parent’index fell by a smaller percentage.
South AfricaFor this BRICS economy, there is a clear indication that during the last five years (2018-22, except 2021), the ‘Parent’ Indexoutperformed the ESG, while the opposite held during 2009-17. Thus, the entire data period can easily be divided into twoparts; the earlier period belonged to the MSCI ESG Index, while the later period saw the ‘Parent’ Index take over.

Table 1 also provides information about the beta of the stock index and the annualized standard deviation (a measureof systematic and total risk, respectively) for each index. The results reveal that except for South Africa, all the BRICScountries have stock in their ESG index that is lower than the ‘Parent’ Index. In contrast, ESG indices carry a higher riskfor all BRICS countries except India regarding annualized standard deviation.

4 Methodology

The methodology under the study involves establishing a spillover and a causality model for ESG investment across BRICSnations to extend the work of two earlier studies on BRICS. Further, since BRICS enjoy many common features like a solidagrarian base, abundant natural resources, fast-evolving services sector, and unique growth story, there exists a highprobability that every country reinforces every other country concerning their commitment to achieving SustainableDevelopment Goals (SDGs) in an integrated and holistic manner, the same being formally announced jointly by all BRICSnations at 2023 SDG Summit. Hence, the choice of tools to determine the cause-effect relation in the returns and spilloverin the volatility of returns across BRICS nations for their ESG indices has been made to consider these two factors. Furtherdesign of tools also ensures the robustness of results. (Sharma and Shahani, 2018).
4.1 Spillover Model: Identification of the VARMA-GARCH Model

Spillover, which refers to an effect on a variable due to unrelated events happening elsewhere, invariably in another country,is modeled under the present study using an error term. These unrelated events in many situations are unpredictable andinclude the effects of natural calamities(e.g., earthquakes), political crises, etc., and can impact the variable positively ornegatively. Furthermore, for the current study, the spillover across residuals of BRICS has been introduced by incorporatingthe same in VARMA-GARCH type models. However, before this model was selected, a simple VAR Model was established,revealing serial correlation, resulting in model improvement, and the study established a VAR-GARCH Model. This modelwas chosen based on the assumption that being a superior model to OLS, the serial correlation problem would be taken careof. Also, the model could capture volatility dynamics and was ideal for modeling volatility spillover. However, after runningthis model, the results showed that the serial correlation problem existed but was present only at later lags. It was thendecided to introduce MA terms in the Model, and the model was further modified to VARMA-GARCH. This VARMA-GARCHModel was thus able to resolve the issue of serial correlation when the MA(1) term was added to our model for three BRICScountries viz. Brazil, China, and South Africa, while we had to introduce the MA(2) term to the VAR-GARCH Model forIndia. Thus, we could obtain the desired model free from serial correlation and the ARCH effect. We introduced the spilloverterms to this optimal model, i.e., mean and variance spillover across BRICS.
Under the VARMA-GARCH approach, we have established four mean equations: eq.(1) to eq.(4), and another fouras variance equations, eq.(5) to eq.(8). For three countries, Brazil, China, and South Africa, the Model considered wasVARMA(1,1)-GARCH(1,1), while for India, the model under consideration was VARMA(1,2)-GARCH(1,1). We denote ESGindices of four BRICS as ESGBr,tESGInd,t, ESGCh,tESGSA,t and develop four equations with residual terms as u1,t, u2,t, u3,t and

u4,t respectively. These residual terms and the square of these terms are introduced as spillover in mean (eq. 1 to 4) andvolatility (eq. 5 to 8) equations (Masson, 1998).
4.1.1 VARMA-GARCHModelwithMean Spillover

ESGBr,t = µ1 + β2ESGBr,t–1 + γ3AESGInd,t–1 + γ3BESGCh,t–1 + γ3CESGSA,t–1 + δ4u1,t–1 + πu2,t–1 + θu3,t–1 +ϕu4,t–1 + u1,t. (1)

ESGInd,t = µ1+β2ESGInd,t–1+γ3BESGCh,t–1+γ3CESGSA,t–1+γ3DESGBr,t–1+δ4,1u2,t–1+δ4,2u2,t–2+τu1,t–1+θu3,t–1ϕu4,t–1+u2,t.
(2)

ESGCh,t = µ1 + β2ESGCh,t–1 + γ3AESGInd,t–1 + γ3CESGSA,t–1 + γ3DESGBr,t–1 + δ4u3,t–1 + πu2,t–1 τu1,t–1 +ϕu4,t–1 + u3,t. (3)
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ESGSA,t = µ1 + β2ESGSA,t–1 + γ3AESGInd,t–1 + γ3BESGCh,t–1γ3DESGBr,t–1 + δ4u4,t–1 + τu1,t–1 + πu2,t–1 + θu3,t–1 + u4,t. (4)
4.1.2 VARMA-GARCHModelwith Volatility Spillover

hESGBr,t
= π1 +ψ2u21, t–1 + ϑ3hESGBr,t–1 + ξu22, t–1 + λu23, t–1 +Ωu24, t–1 (5)

hESGInd,t
= π1 +ψ2u22, t–1 + ϑ3hESGInd,t–1 + φu21, t–1 + λu23, t–1 +Ωu24, t–1 (6)

hESGCh,t
= π1 +ψ2u23, t–1 + ϑ3hESGCh,t–1 + ξu22, t–1 + φu21, t–1 +Ωu24, t–1 (7)

hESGSA,t
= π1 +ψ2u24, t–1 + ϑ3hESGSA,t–1 + φu21, t–1 + ξu22, t–1 + λu23, t–1 (8)

4.2 The Causality Model

Besides testing for spillover across BRICS, the study also tested for the cause-effect relation amongst ESG indices acrossBRICS for which the tool applied was Toda and Yamamoto (1995) modified ‘F’ model. The choice of the model was stronglyinfluenced by the level of integration of our variables, i.e., ESG indices, which were found to be I(1) integrated. Under the TYcausality test, we developed two equations, the first being the Restricted Model(R) and the second being the UnrestrictedModel(UR); the two equations are given as eq.(9) and (10), respectively. To test for causality amongst two variables, we use
X1 and X2 as common notations. Both the models (eq. 9 and 10) are lag augmented by a higher level of integration(Ihigh) ofcausal variables, and the Sum of the Squared residuals of restricted and unrestricted models (SSRR and SSR UR) obtainedare used to obtain statistics called Modified ‘F’ as given below:

Mod F ‘Wald’ = (SSRR – SSRUR)/kSSRUR/(n – k)
(‘k’ is equal to the number of parameters to be estimated, ‘n’ being no. of observations)
Restricted Model (R)

X1t(R) = µ0(R) + Ihigh∑
j=1

αj,(R) X
2,(t–j)

+ h+Ihigh∑
i=1

βi,(R) X
1,(t–i)

+ e1t. (9)

Un-Restricted Model (UR)

X1t(UR) = µ0(UR) + k+Ihigh∑
j=1

αj,UR X
2,(t–j)

+ h+Ihigh∑
i=1

βi,(UR) X
1,(t–i)

+ e2t. (10)

Null Hypothesis (H0): Lagged values of X2 do not influence X1 or α1,α2,α3, . . . = 0.
4.3 Model Diagnostics

The two models, Spillover and Causality, discussed under sections 4.1 and 4.2, will give reliable results if the modelprerequisites are adequately satisfied. In this section, we discuss three prerequisites (called model diagnostics): the first isthe ARCH LM test, which is applied to test the ARCH effects, which are a variant of heteroscedasticity; the second is theserial correlation using ‘Q’ statistics; and finally, we test for the stationarity of our variables by applying the unit root ADFtest.
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4.3.1 Model for ARCHEffectsFor the ARCH test, we construct eq.(11) for each of the ESG variables, which is an AR(1) Model,
Yt = β1 + β2Yt–1 + et. (11)

We collect the residuals of eq. (11) and run an auxiliary equation eq (12),
e2

t = ∂o + ρ1e2
t–1 + ρ2e2

t–2 + · · · + ρme2
t–3 + · · · vt. (12)

where ‘m’ reflects the lag order of residuals in the secondary equation and follows AIC criteria. Next, we collect the R Squareof this auxiliary equation and multiply it with no. of observations. Model ARCH-LM follows ?2(m) distribution with NullHypothesis defined as ρ1 = ρ2 = ρ3 = · · · ρm = 0 (no ARCH effect is present).
4.3.2 Model for Serial CorrelationSerial correlation is the second diagnostic that has been tested under the study, and the test applied is ‘Qm’ Statistics where
Qm is defined as

Qm = n. m∑
i=1
ρ2

ui,t . (13)

Qm follows χ2 Distribution with ‘m’ df (no. of lags). Null(H0) for the test is given as ρu1t = ρu2t = · · · ρumt = 0 with alt.
hypothesis (Ha) being some of the ρuit are not equal to 0. We further define ρu1t = cov

(
ut , ut –1

)
√

Var(ut–1) Var(ut) , Moreover, under the
study, we compute serial correlation till lag 5.
4.3.3 Model for StationarityWe have applied the Breakpoint Unit root ADF test for the stationarity test, which is similar to the famous ADF unit roottest but incorporates a single breakpoint. Incorporating a breakpoint in the ADF unit root test has been considered, and thesame is expected to improve the power of the test. Let us consider our first variable ESGBr,t, we develop the Breakpoint Unitroot ADF test equation as eq. (14) given as under:-

∆ESGBr,t = β1 + β1 ∗ DESGBr,t
+ (β2 – 1)ESGBr,t–1 + m∑

i=1
β3,i∆ESGBr,t–i + β4t + ut (14)

Eq. (14) is the ADF equation with a single break point for Variable ESG of Brazil, where ∆ESGBr,t is a change in ESG ofBrazil in period t, β1 represents the intercept term while β1 ∗ DESGBr,t
is the intercept Dummy representing a single break in

the intercept of the ESG of Brazil equation. This Dummy DESGBr,t
takes the value of ‘1’ if the observation falls after the break

date (including the break date) and ‘0’ before the break date. If the break exists (see Table 6), then the coefficient β1, ∗ isexpected to be statistically significant. The next term ESGBr,t–1 reveals the stationarity of variable ‘ESG’ and has (β2 – 1)
as its coefficient. The term ∑m

i=1 β3i,ESGBr,t–i denotes a change in the ESG of Brazil in a period t – i, ‘i′ is the no. of lags,and this term represents the ‘augmentation’ for removing serial correlation. The ADF equation also takes care of trendstationarity by including a trend variable ‘t’ with a coefficient as β4. Finally, the random error term of this equation isgiven by ut Using a similar methodology, we construct the stationary equation for our other three ESG indices of remainingBRICS countries.
5 Results of the Study

We now discuss the study results with the help of supporting tables, Tables 2-5. The first two tables (Tables 2 and 3) discussMean and Volatility Spillover across BRICS using VARMA(1,1) Models; Table 4 provides the causality results using the Todaand Yamamoto (1995) modified ‘F’ approach, and finally, table 5 gives results of Model Diagnostics which includes resultsof ARCH test using ARCH LM methodology, Serial Correlation using ‘Q’ statistics and test of stationarity using ADF unitroot test.
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The results from Tables 2 and 3 reveal that Mean Spillover from ESG indices across BRICS does not exist. At the sametime, the volatility spillover, the more important spillover, is visible from India (ξ) to bBina and South Africa. Also visiblewas volatility spillover from China (λ) to South Africa. No other spillover was noticed in the study results. Amongst theother study results, the variance equation showed a low level of persistence for ESG indices of three of the BRICS nations,i.e., India, Brazil, and South Africa. This was evident as the ARCH and GARCH terms sum considerably below ‘1’. On theother hand, for China, the sum of ARCH and GARCH terms was quite close to ‘1’, showing a tendency for shocks to persistfor a longer duration; however, these shocks were expected to die in due course as the sum of ARCH and GARCH terms isless than ‘1’.
As far as the cause-effect relation amongst ESG indices of BRICS, we applied the Toda and Yamamoto (1995) modified‘F’ causality procedure, and the results of the same are shown in Table 4. The results reveal a uni-directional causalityfrom India towards both Brazil and China. No other causality is seen from the results of the study. The study also tested forModel Diagnostics (Tables 5 and 6); Table 5 gives the results for Serial Correlation and ARCH Effect, and these results werefound to be satisfactory, while Table 6 gives the results for stationarity and all the ESG indices in all BRICS economies werefound to be stationary at first difference.



Shahani et. al. | 75

Table 6: Model Diagnostics II: Breakpoint ADF Unit Root test for ESG indices

Diagnostic Tool Brazil India China South Africa
Stationarity of Variables :
ADF Breakpoint unit root test
(1. ‘p’ values of slope coefficient
2. Table Result, 3. ‘Break Date’)

Level 1st Diff Level 1st Diff Level 1st Diff Level 1st Diff1 0.5253 <0.01 0.4516 <0.01 0.7356 <0.01 0.2702 <0.012 Unit Root Stationary Unit Root Stationary Unit Root Stationary Unit Root Stationary3 2/19/2020 - 10/30/2020 - 6/29/2021 - 10/29/2020 -

6 Conclusions and Discussion

To conclude, the present study attempted to understand the spillover dynamics and cause-effect relation amongst ESGindices across four BRICS nations to identify the collective responsiveness of these nations towards Green Finance andGreen Economy, a joint vision of the BRICS nations. The study collected daily closing five-year data (April 01, 2018- March31, 2023) from the MSCI ESG Leaders Index Series for four BRICS nations. Brazil, India, China, and South Africa, andthe methodology included was the VARMA-GARCH Spillover Approach; spillover for the model was measured throughresiduals, for three BRICS economies. South Africa, China, and Brazil, the model variant used was VARMA (1,1) -GARCH(1,1), while for India, the variant VARMA (1,2)-GARCH (1,1) was considered under the study. The additional MA term forIndia was warranted to make a spillover model for India free from serial correlation. The study also tested for causalityusing Toda and Yamamoto (1995) modified ‘F’ causality. The model diagnostics considered for the study included ARCHeffects, Serial Correlation, and Stationarity. The results showed limited unidirectional volatility spillover from India andChina towards South Africa and again from India towards China, with no spillover seen amongst any other BRICS nations.Further, the results revealed unidirectional causality from India moving towards Brazil and China, with no other causalityin the study. Further, ARCH and GARCH terms of all the countries in the volatility equation were added to <1, showing thetendency of shocks to die down over time.Thus, the broad conclusion from the study is that if we leave aside one or two volatility spillovers towards South Africa,the integration through spillover and causality concerning ESG indices appears to be somewhat limited. The results,therefore, fail to provide any concrete evidence of any collective responsiveness of the four BRICS nations towards GreenFinance. The study could only find limited evidence of causality across BRICS even though the study period also includedthe crisis period, i.e., the COVID-19 pandemic period. Such a result somewhat contrasts with another study on BRICS byRehman et al. (2021), who could find a long-run relation (co-integration) amongst ESG indices to exist across BRICS during
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this pandemic. Thus, this difference in results could be due to differences in the study period, sources of data, and toolsapplied, amongst others.
7 Implications and Scope for further research

The results of the study have varied implications. First, the limited evidence of spillover and also in cause-effect relationreveals that much-desired integration amongst BRICS concerning their ESG indices still has a long way to go, and BRICSare still not reinforcing each other as revealed by the independent movement shown by their respective ESG indices. Hence,it is suggested that BRICS work together more closely to monitor the progress of the existing goals as laid down in theirmeetings and take remedial action if things have gone out of track and are not in line with the collective vision of the BRICStowards Green Finance and Green Economy. Further, an essential step in this direction would be making a severe efforttowards ‘sustainable urbanization’ as planned urbanization has been identified as one of the limiting factors in the majorityof BRICS. This would imply shifting the growth centers from urban areas to villages and small towns, which again requiresstate intervention, which can alone disincentivize the starting of new businesses in big cities and provide incentives for thesame in small towns and villages.
These results also impact investors and portfolio managers. The limited evidence of volatility spillover amongst BRICSESG indices is seen as positive. It would help them construct a global portfolio of ESGs, which includes indices from differentgeographical locations. Such a portfolio, including ESG indices of many countries, including BRICS, is expected to have alower risk due to global diversification than an ESG index from one country.
Finally, before we end, we would like to add some directions for future researchers interested in this area. Suchresearchers could compare the present study’s results with those obtained by studying other regional blocs like EU, ASEAN,or QUAD. The researchers may extend this sample by adding new countries to the BRICS Block. Researchers can furtheremploy some more alternate spillover tools like BEKK proposed by Engle and Kroner (1995) or Diebold & Yilmaz (2015)connectedness model in addition to the current spillover model given by Masson (1998) to study the relation. Further,besides data from MSCI, researchers can go for other alternative sources for ESG indices like Dow Jones ESG Indices, whichare considered more rigid in their methodology, or they can make their study enjoyable by a comparative assessment ofresults obtained for ESG indices of BRICS by collecting data from both the sources; MSCI and Dow Jones and compare theresults obtained on different parameters.
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