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ABSTRACT
Article History This paper investigates the dynamic conditional correlations and volatility spillovers
Received: 13 September 2023 between global stock markets and international green bonds. Envisaging the linkages
Revised: 19 December 2023 . .. .
Accepted: 29 January 2024 between the emerging green bond markets and global equities given the unforeseen
Published: 14 February 2024 global pandemic. We use R software to run bivariate VAR-BEKK GARCH and BEKK
GARCH models to investigate the time-varying conditional volatility between global
Keywords stock indices and green bond indices. Daily prices of all variables from October 2014 to

Global equities : . .
Green bonds April 2023 are sourced from the Bloomberg database. The short-term influence of past

VAR-BEKK GARCH events, as well as the long-term persistence of green bonds, on the current conditional
Volatility spillover. i - . T S . . .
volatility of global equity indices of developed and emerging economies is observed.
Whereas from equity markets to green bond indices, the short-term as well as long-
term impact is confined to only 2-3 indices. The results provide future direction for
policymakers, researchers, and global investors in hedging and creating an optimal
portfolio.

Contribution/Originality: The volatility impact between equity indices of developed and developing economies
and green bonds is investigated. Similar previous studies are very shallow and are limited to major economies.
Examining COVID-19's impact on these time-varying linkages will be a critical and significant contribution to the

past heterogeneous findings.

1. INTRODUCTION — GREEN BONDS AND FINANCIAL MARKETS — GENERAL OVERVIEW
The rising threat of climate change has raised concerns among corporate enterprises about the need to align their
investments with net zero. Financial markets play a critical role in transitioning towards low-carbon economies
through a range of market products, practices, and policies. Thus, augmenting sustainable finance methods and
market alignment with climate transition becomes significant. There are challenges associated with climate change
and unparalleled investment opportunities in transitioning towards a low-carbon, climate-resilient economy. Over the
years, Green Bonds have become a critical financial instrument to address the impact of climate change and associated
challenges. Green bonds resemble similar characteristics to conventional bonds, the exception being that the proceeds

of the issue are mandated for investing in environmental projects. The green bond acts as a financial instrument for
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investors for green projects and activities. In 2010, the International Finance Corporation issued green bonds as a
response to investors seeking fixed income on a climate-related investment.

Previous studies indicate no significant difference between the performance of green bonds and traditional bonds.
Green bonds had a premium price compared to conventional bonds (Baulkaran, 2019). Over the decade, the green
bond market has become a prevalent and noticeable investment, attracting investors in sectors close to the natural
environment, and green bond studies are more prevalent in China, Europe, and the United States (Flammer, 2021).
The issuers of green bonds must comply with the principles related to green bonds, which are issued by the
International Capital Market Association. The bonds mainly address issues related to climate change, loss of
biodiversity, environmental pollution, and depletion of natural resources. The bond issuers range from local bodies to
international institutions and traditionally focus on the shareholders’ value (Bachelet, Becchetti, & Manfredonia,
2019). As the green bond market matures, it is essential to acquire a fair idea of the risk and return behaviour in
volatile financial markets. Volatility transmission between financial markets or asset classes is referred to as a
volatility spillover. Understanding the volatility spillovers in the context of green bonds and global equity indices can
shed light on how sustainability and the environment affect financial markets. A study on the empirical analysis of
daily data from 2010 to 2015 results indicates a short-term shock in the conventional bond market has a spillover
impact on the green bond market, illustrating volatility clustering in markets, which demonstrates the
interrelationship between the conventional and green bond markets (Pham, 2016; Reboredo & Ugolini, 2020).

The research methods commonly discussed across the literature on the interlinkages between the markets are
based on the structural VAR model

Green bonds reflect a high level of interaction during the chaotic market movements in the conventional bond
market and energy commodities. Studies specify that the dynamic conditional correlation between green bonds and
the conventional bond market increases as the value of the US dollar increases and decreases in the dynamic
conditional correlation between the commodities and equity markets (Kocaarslan & Soytas, 2021). Moreover, the
association between the green bond and the conventional bond market is driven by macroeconomic factors: economic
policies, state of economic activity, investor sentiments, external shocks, and volatility, which also have an impact on
the performance of the commodity market, creating the basis for interdependence (Broadstock & Cheng, 2019).

The financial markets have evolved and become more complex with the advent of financial innovations. However,
with the constant development of the green bond market, investors have a wide range of investment opportunities for
diversitying their portfolios. These transitions in the financial markets have a macro-level impact. Thus, studying the
relationship of the green bond market with the other financial markets becomes vital for understanding its
distinguishing features. In the given context, the paper attempts to explore the interlinkage and spillover effect of the
green bond market on the conventional asset market. Understanding the volatility spillover mechanism between
financial markets and green bonds is important to assess the interplay of green bonds in hedging and risk
management strategies (Reboredo, 2018). Theoretically, green bonds and conventional financial markets are
interconnected. However, the investment motives of investors for holding a green bond vary across different markets
and time periods. Detailed information on the interlinkages between the markets would be essential for investors for
efficient portfolio management. The main contribution of the research is twofold: a comprehensive investigation to
provide new practical insights on the topic of green bonds and equity indices. Secondly, analyzing the performance of
green bond markets and equity indices at different time intervals, which cover undefined events, will provide new

empirical evidence.

1.1. Research Objectives
1. The demand for green bonds and other sustainable finance has increased rapidly. The issuers of these
instruments foresee it as an opportunity, but it is often countered with uncertainty. How does the uncertainty

affect the green bond markets?
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2. Emerging market green bonds are an attractive and growing opportunity for fixed-income investors. How
does green finance improve the environment and reduce risk dispersion through diversified financial
instruments?

3. What are the spillover effects of green bonds on other financial markets?

2. LITERATURE REVIEW

Previous studies are confined to the association between the financial market and macroeconomic factors (Lee &
Ryu, 2018). The green bond market is a relatively new phenomenon that comprises fundamental studies. Empirical
studies have been undertaken on the aggregate bond index to analyze the volatility and its spillover effects using the
GARCH Model on the green and conventional bond markets. Studies demonstrate that green bond markets do not
offer diversification benefits to investors in conventional markets (Reboredo, 2018). However, volatility dynamics and
their transmission between connected markets have been widely discussed by economists(Chun, Cho, & Ryu, 2019,
2020). More research exists on the association between macroeconomic factors and the financial markets, cross-
market effects in context to return dynamics, volatility dynamics, and volatility spillovers. However, the
interdependencies of the markets and their spillover linkages are scarcely researched (Izadi & Hassan, 2018; Lee &
Ryu, 2018; Lee & Ryu, 2019; Park, Kutan, & Ryu, 2019; Yang, Kim, Kim, & Ryu, 2018).

Investments in green bonds can be hedged using equity indices of specific sectors: real estate, consumer staples,
and information technology (Fernandes, Silva, de Araujo, & Tabak, 2023). Literature evidences a nonlinear
relationship between the US markets and green bonds. However, the research states the capacity of green bonds,
gold, silver, oil, the US dollar index, and the volatility index to protect against declines in US stock prices before,
during, and after the COVID-19 pandemic aftermath in the short and long run. The current research employs the
frequency spillover measures developed by Mensi, Naeem, Vo, and Kang (2022) and the TVP-VAR model (Diebold &
Yilmaz, 2014). The study demonstrates that the short-term spillovers of volatility outweigh their long-term
equivalents. In the short term, Green Bond is a net transmitter of spillovers in the system, while in the long term, it is
a net recipient. Both short- and long-term spillovers are net transmitters (receivers) for the S&P500, silver, USDX,
and gasoline. Short-term spillovers are net recipients for Gold and VIX. Further, the study also examines the
volatility patterns in the green bond and equity markets. The result demonstrates the asymmetric volatility
phenomenon and its positive impact on stock returns.

This study by Elsayed, Naifar, Nasreen, and Tiwari (2022)uses a multivariate wavelet approach and dynamic
connectedness to investigate the relationship between green bonds and financial markets in the time-frequency
domain. Ensemble Empirical Mode Decomposition (EEMD) and the Diebold and Yilmaz (2012)spillover framework
are combined to achieve this. According to the results of wavelet multiple correlations, the advantages of
diversification opportunities are more obvious in the near term. Wavelet multiple cross-correlations data shows that
financial markets and green bonds have a close relationship over time. The findings of the static connectedness
framework provide an explanation for why different markets act differently in terms of the direction and magnitude of
spillover. The corporate bond market is the net spillover receiver among the chosen markets, while the global equity
market is the net spillover transmitter. Previous studies have used the GARCH model to highlight the covariance of
returns to the stocks of small and large firms, which demonstrate asymmetric signals towards anomalies (Kroner &
Ng, 1998). The studies prove the existence of asymmetry in the equity and bond markets through conditional
correlations. The MGARCH model has been used to explore the volatility spillovers between the markets in Europe,

and studies recommend a dynamic trading strategy (Chulia & Torro, 2008).

3. DATA
Daily data on green bonds and equity indices of ten countries from October 14, 2014 to April 12, 2023 is used in

this research. The data for this research paper is sourced from the Bloomberg terminal. Two sets of a total of ten
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global equity indices are used in this study, viz. S&P 500 Index, Nikkei 225 Index, DAX 30 Index, FTSE 100 Index,
CAC 40 Index, Shanghai Composite 30 Index, Nifty 50 Index, KOSPI Index, Bovespa Index, and IPC Mexico 85
Index, as shown in Table 1. Shock transmission and volatility spillover between the MSCI Global Green Bond Index

and S&P Green Bond Index with these ten global equity indices are examined.

Table 1. Variable description.

Name Description

SnP S&P 500 index

Nikkei Nikkei 225 index

DAX DAX 30 index

FTSE FTSE 100 index

CAC CAC 40 index

Shanghai | Shanghai composite 30 index
Nifty Nifty 50 index

Kospi KOSPI index

Bovespa Bovespa index

Mexico IPC Mexico 85 index
MSCIGB | MSCI global green bond index
SPGB S&P green bondindex

The correlation between the green bond indices and global equity indices of developed and developing countries
is studied before studying the volatility linkages between them. It is observed that the global equity indices of
developed and developing countries have a positive correlation with the MSCI green bond index compared to a

negative correlation with the S&P green bond index.

3.1. Data Pre-Processing and Initial Analysis

To understand the volatility and spillover effects of the global markets on the two emerging green bond markets,
viz., MSCI and S&P Green Bond indices, compared with ten global equity market indices (refer to Tables 4 and 5),
for the period October 2014 to April 2023. We carried out the analysis by transforming these monthly prices into a
log return series, as shown in Equation 1.

Returns;, =In (ﬂ> (1)
Pricejt_q

Table 8 shows the descriptive statistics of each equity market along with the two green bond indices. The
skewness revealed that all the equity indices are negatively skewed. Meanwhile, one of the green bond indices, i.e., the
S&P Green Bond index, is positively skewed. From the Jarque-Bera test, we reject the null hypothesis for equity and
green bond indices, which reveals that none of the indices follows the Gaussian distribution. The null hypothesis of
the augmented Dickey-Fuller (ADF) and Phillips-Peron (PP) tests is rejected, which means that there is no unit root
and our log returns are non-stationary. The authors also performed the ARCH test, which is significant. It also
indicates the presence of autoregressive conditional heteroscedasticity (ARCH) in the data. Thus confirming that the
GARCH family models are suitable for this study. However, to estimate the dependencies of the market, we ran a
correlation of the log returns of the different equity markets taken into the study. We found that there is a moderate
to strong correlation among returns in various markets (Table 3). We observed that S&P had moderate dependencies
on DAX, FTSE, CAC, Bovespa, and Mexico’s equity markets. Similarly, NIKKEI has a moderate dependency on
KOSPI; DAX has a moderate relationship with S&P, Nifty, Bovespa, and Mexico; whereas strong dependencies were
found for CAC and FTSE stock exchanges. Similarly, in the Indian context, Nifty has a moderate dependency on
DAX, FTSE, CAC, and KOSPI stock exchange returns. The above evidence encourages us to verify these
dependencies using the models from the GARCH family.
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Table 2. Correlation matrix.

Variables 14 Oct 2014 to 12 April 2023
SnP Nikkei | DAX | FTSE | CAC | Shanghai | Nifty | KOSPI | Bovespa | Mexico | MSCIGB | SPGB
SnP 1 0.239 | 0.611 | 0.576 | 0.606 0.149 0.332 0.226 0.631 0.546 0.198 -0.122
Nikkei 0.239 1 0.851 | 0.863 | 0.861 0.321 0.380 0.614 0.204 0.239 0.132 -0.110
DAX 0.611 0.851 1 0.853 | 0.949 0.191 0.502 0.376 0.4:84 0.530 0.285 -0.245
FTSE 0.576 0.363 | 0.853 1 0.884 0.225 0.514 0.381 0.510 0.558 0.105 -0.173
CAC 0.606 0.361 0.949 | 0.884 1 0.208 0.538 0.389 0.508 0.548 0.217 -0.241
Shanghai 0.149 0.821 0.191 | 0.225 | 0.208 1 0.308 0.410 0.176 0.166 0.108 -0.140
Nifty 0.332 0.380 | 0.502 | 0.514 | 0.538 0.308 1 0.525 0.380 0.346 0.208 -0.187
KOSPI 0.226 0.614 | 0.376 | 0.381 | 0.389 0.410 0.525 1 0.262 0.310 0.208 -0.141
Bovespa 0.631 0.204 | 0.484 | 0.510 | 0.508 0.176 0.380 0.262 1 0.505 0.092 -0.109
Mexico 0.546 0.239 | 0.580 | 0.558 | 0.548 0.166 0.346 0.310 0.505 1 0.148 -0.164
MSCIGB 0.198 0.132 | 0.285 | 0.105 | 0.217 0.108 0.203 0.208 0.092 0.1438 1 0.096
SPGB -0.122 -0.110 | -0.245 | -0.178 | -0.241 -0.140 -0.187 | -0.141 -0.109 -0.164 0.096 1
Note:  Correlation coefficients among green bond indices and global equity indices.
Table 3. Descriptive statistics.
Particulars 14 Oct 2014 to 12 April 2023
SnP Nikkei DAX FTSE CAC Shanghai Nifty KOSPI | Bovespa | Mexico | MSCIGB | SPGB
Mean 0.0004 0.0003 0.0003 0.0001 0.0003 0.0002 0.0004 0.0001 0.0003 0.0001 0.0000 -0.0002
Maximum 0.0897 0.0778 0.1041 0.0867 0.0806 0.0560 0.0840 0.0825 0.1302 0.0474 0.0263 0.0226
Minimum -0.1277 -0.0825 -0.1305 -0.1151 -0.1310 -0.0887 -0.1390 -0.0877 -0.1599 -0.0664 -0.0303 -0.0246
Standard deviation 0.0116 0.0124 0.0127 0.0103 0.0124 0.0132 0.0106 0.0100 0.0160 0.0098 0.004:3 0.0049
Skewness -0.8157 -0.1219 -0.5863 -0.8943 -0.8555 -1.1589 -1.4811 -0.2731 -1.0022 -0.4212 -0.2209 0.1386
Kurtosis 18.9762 8.1161 12.9641 15.6590 13.8387 11.0802 24.2259 11.8595 17.3607 6.7924 7.6705 5.8404
Jarque-Bera 28828%*% | 949g%*k | gogg¥kk | 15099%*kK | 1]122%%* | gpo7REE | 4og7p¥Nk | g488%K* | 1gq90%Kk | 1ggqkkk | gQggKk 198%%*
Observations 2217 2217 2217 2217 2217 2217 2217 2217 2217 2217 2217 833
ARCH 509.8%** | 168 9Kk | 7 gkkk 59, 7H** 27 4K ** 99.7%** 65.1%%*% | 716.9%%* | §20.9%*k* | g0.E*¥*k | 167.4%%* | 1o 7RIk
Unit root tests
Augmented Dickey-Fuller | -12.5%¥% | 19 1%%% | _15.1%%% | _15.5%%% | _17.5%%% | _gg¥kk | _1q.okk* | _10.1%%% | _1g.4%K% | 184Kk | _go.p¥kk | _11.7%Kk*
Phillips—Perron =54 IHREH | g HEE | g8 1K | g7 gEKE | g7 gk | g pKE | g7 pREER | g THRER | 5o gREE | g g¥FK | _qg HHE | _gg [HKK

Note:

© 2024 Conscientia Beam. All Rights Reserved.

*#% denotes the significance level at 1% respectively. Unit Root Test is used to consider constants and trends. ARCH test signifies serial correlation of the heteroskedasticity in the data at 1 lag.
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4. METHODOLOGY

In this study, we perform bivariate GARCH estimation using the asymmetric VAR-BEKK-GARCH model to
estimate and analyse the volatility transfer between the green bond and the equity markets. We performed various
tests using ACF and PACF tests to check the stationary of the different markets. This section describes the
asymmetric volatility between the equity market indices and the green bond indices. As discussed in the earlier
section, financial data generally promulgate asymmetric volatility. Previous authors like Park, Park, and Ryu (2020)
found that US stock and bond markets and Dean, Faff, and Loudon (2010) found that Australian stock. The ARCH

tests confirm there is a positive asymmetry among the equity and bond markets.

4.1. Bivariate GARCH Estimation

In this section, we analyse the volatility transfers between two markets, i.e., equity and bond markets, using a
bivariate GARCH model. The ARCH test performed earlier shows evidence of the presence of asymmetrical traits
between the equity and bond markets. Thus, the correlation between the various equity markets and bond indices
convinces the use of the VAR-BEKK-GARCH model, which can reflect spillover effects and is appropriate for the
given context. Previous researchers have conducted similar spillover studies on various macroeconomic variables
(Aggarwal, Doifode, & Tiwary, 2020, 2021, 2022; Rastogi, Doifode, Kanoujiya, & Singh, 2023; Rastogi et al., 2024).

The empirical method consists of two sections to estimate return and volatility spillover through the VAR-
BEKK-GARCH model. In the first case, we applied vector auto regression (VAR) to estimate the return spillovers.
In the next scenario, we run the BEKK-GARCH model to project volatility spillovers, as prescribed byEngle and
Kroner (1995). We know that a conditional mean and variance process explains the GARCH models. In this
experiment, the conditional mean process of the models is defined in Equations2 and 8 because we aim to analyse
the volatility spillover among the equity and bond markets. For estimating the return spillovers, the following are
conditional mean equation specifications:

n=U+@r_; +e andet=Htl/2*Et (2)

1, = (r&,rP)" is the vector of returns on the at® stock index and b* bond index at time t; a = 1,2, ... 10; and
b = 1,2; respectively. Again, ¢ is the 2x2 matrix of parameters, which estimates the impact of own lagged and
cross-return spillovers between the variables.

In the subsequent experimentation, we have used i =1, 2, ...10 to mean the different equity markets and i =

1,2 to mean the two bond markets ,respectively. €; is a residual vector following a bi-variate normal distribution
with Et_l(et) =0 and Et_l(etet,) = Ht'

4.2. Implications for Market Portfolio Designs and Hedging Strategies

In this study, we also show how to use the estimated VAR-BEKK-GARCH model to create the best market
portfolio designs and hedging strategies for equity market indices. Bond markets, on the other hand, have
asymmetric volatility.

The output of the VAR-BEKK-GARCH model can be used to calculate the optimal portfolio weights and hedge
ratios. As per the study of Kroner and Ng (1998), the optimum weight of the equity indices (EI) and bond indices

(BI) is computed as follows:

hprt—hEiBIt
w = BLU RIBLL 3
EIBLt hert—2hgBItthBIE ( )
0, If  Wgpge <0
Weigre = YWEIBLL If  0< Wgpge<1
1, If  Wgpge>1

Considering a $1 portfolio of equity and bond, wgg;, represents the weight of equity and 1 — W is the

weight of bond. hgp;; represents the conditional covariance between the equity and the bond indices, hg, and
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hp; tindicate the conditional variance of the equity and the bond indices, respectively. The following specifications
are used to estimate the hedge ratio, proposed by Kroner and Sultan (1993):

hEIBIE ( 4)

BEIBI,t hpic

Where Bgp; ¢ is the hedge ratio. A long position can be hedged in the equity index with a short position in the

bond index.

4.8. The VAR-BEKK Model
The estimated variance of an Equity index/asset return can be written as:
ot = C(LD? + C(L,2)* + A(LD) uf g + 2A(LDAR DUy —up g + AR D 5,4

+B(1,1)%0f,q + 2B(L1)B(2, )1yt + B(21)?05,_; + D(L,1)*vf, 4
+2D(L,1)D(2,)vip,-1 + D(2,1)%v5, 4

The estimated variance of the Green Bond index/asset return can be written as:

02, =C2,1*+C(22)2 + A(1,2)%u2 1 + 2A(1,2)A(2,2)ug o gy, 1 + A(2,2)%u3, 4
+B(1,2)%6%,_1 + 2B(1,2)B(2,2)015,_1 + B(2,2)* 6%, + D(1,2)%v},_,
+2D(1,2)D(2,2)v12,—1 + D(2,2)*v3, 4

The estimated co-variance b/w the Equity indices and green bond indices can be written as:

o12; = C(1,1)C(2,1) + A(LDAL2)u?,_; + (A(1,2)A(2,1) + A(2,1)A(2,2) )us—1Us s
+ A(2,1DAQR,2)u3, 4 + B(1L,1DB(1,2)0, 4
+(B(1,2)B(2,1) + B(2,1)B(2,2))012,1 + B(2,1)B(2,2)0%,_4
+D(1,1)D(1,2)v¢,_; + (D(1,2)D(2,1) + D(2,1)D(2,2))v1,1-1V2,-1
+ D(2,1)D(2,2)v3, 4

Where,
C= Constant term.
A news effect or spillover.
B = Persistency effect.
D = Asymmetry effects.
U = Error term from the news effect.

VU = Error term from the asymmetry effect.

5. RESULTS AND ANALYSIS

The VAR-BEKK-GARCH is more efficient and requires fewer parameters for analysing spillovers between
financial assets (Carpantier & Samkharadze, 2013; Chuang, Lu, & Tswei, 2007; Salisu & Mobolaji, 2013; Schreiber,
Miiller, Kliippelberg, & Wagner, 2012). The bivariate VAR-BEKK-GARCH (1,1) model is applied in this study, and
the findings are shown in Tables 4 and 5. Inter-linkages between Green bond indices and Global equity indices of
developed and developing countries are examined. The ARCH effect is present in all the variables used in this
research (Table 2), allowing GARCH models to test shock transmission and volatility spillovers between Green
bond indices and Global equity indices. The results of the VAR-BEKK model (Tables 4 and 5), which show the
impact of lagged shocks on their own current conditional volatility, further support the ARCH effect in all the
variables. When you look more closely, you can see that the square residuals in the VAR model are strongly related
to each other in a series. This ARCH effect helps to group volatility together. In order to investigate the volatility
spillover impact between Green Bonds and stock indices in more detail, a GARCH model can be created. Because
the VAR-BEKK model can ensure the positive definiteness of the variance-covariance matrix under weak conditions
and has the advantage of requiring fewer parameters to be evaluated when compared to standard GARCHs, a VAR-
BERKK-GARCH (1,1) is chosen for this data.
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Table 4. Bivariate VAR BEKK GARCH (1,1) estimation with MSCI Green Bonds.

Particulars MSCIGB - MSCIGB - MSCIGB - MSCIGB - MSCIGB - MSCIGB - MSCIGB - MSCIGB - MSCIGB - MSCIGB -
SnP Nikkei DAX FTSE CAC Shanghai Nifty Kospi Bovespa Mexico

Variance equation:

C 0.001%%¥* 0.008%** 0.002%** 0.002%** 0.002%** 0.001%%* 0.00 1¥3%* 0.002%** 0.008%%* 0.00 1 ¥%*

Ca 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000%%* 0.000

C o 0.000%** 0.000%** 0.000%** 0.000 0.000%** 0.000%** 0.000%** 0.000%** 0.000 0.000%%*

S 0.4:58%¥* 0.340%%* 0.306%%* 0.877%%* 0.386%%* 0.256%%% 0.299%** 0.8307%%* 0.27 5% %% 0.310%%%

S e 0.018 0.004 0.012 0.008% %% 0.018 -0.009% 0.017 -0.002 0.019%%* 0.018

S o 0.085 0.1056 0.014 0.001 0.058 0.047 -0.043 0.187 -0.224%% 0.048

S g 0.205%%% 0.196%** 0.224%*% 0.203 0.282%*% 0.211%%% 0.188%** 0.21 1%%% 0.184%** 0.209%**

L. 0.877%%* 0.907%** 0.936%%* 0.896%** 0.904%** 0.964%%* 0.94.1%%* 0.92 1%%% 0.929%** 0.929%%%

L. -0.005 -0.008 -0.003 -0.002%** -0.004 0.002 -0.005 0.000 -0.007%* -0.005

L g -0.020 -0.020 -0.002 0 -0.008 -0.008 0.002 -0.029 0.039 -0.020

L oy 0.974%%* 0.977%%% 0.968% %% 0.975%%% 0.9677% %% 0.972%%% 0.978%%* 0.978%%% 0.978%%* 0.973%*¥*

Model diagnostics:

AIC -14.996 -14.444: -14.587 -14.961 -14.645 -14.497 -14.909 -14.957 -14.025 -14.920

Log-likelihood 16632.99 16021.10 16123.76 16593.30 16243.61 16080.08 16536.51 16589.21 15556.96 16548.50

Note: AIC refers to the Akaike information criterion. *¥* ¥ * denotes the significance level at 1%, 5% and 10% respectively.

Table 5. Bivariate VAR BEKK GARCH (1,1) estimation with S&P Green Bonds.

Particulars SPGB - SPGB - SPGB - SPGB - SPGB - SPGB - SPGB - SPGB - SPGB - SPGB -
SnP Nikkei DAX FTSE CAC Shanghai Nifty Kospi Bovespa Mexico
Variance equation:
Cu 0.002%** 0.002%** 0.008%** 0.008%** 0.008%%* 0.002 %% 0.000 0.008%** 0.008 0.000
Co -0.00 1 ¥%* 0.000%* 0.000 0.000%** 0.000 0.000 0.002 0.000 0.000 0.00 1%%*
C o 0.000 0.000%* 0.000 0.000%* 0.000%* 0.000 0.002 0.000%** 0.000 0.000
S 0.464%%* 0.239%%* 0.452% %% 0.4:5 g% ** 0.479%** 0.28g%%* 0.300%** 0.4:24%%* 0.289%%* 0.268%%*
S 0.041%* -0.002 -0.047T¥** -0.04:1%* -0.047¥** -0.002 -0.043%* -0.049%* -0.009 -0.067¥**
S a1 0.010 -0.140 0.247 0.075 0.229 0.222%%% 0.065 0.115 0.411 0.8 1%%*
S 2 0.075 -0.182%%* 0.158%%% 0.177%%* 0.155%%% 0.185%%* 0.212%%* 0.160%** 0.168 0.041
L 0.87 1¥%* 0.942%%* 0.859%%* 0.856%** 0.839%%* 0.930%%* 0.985%%* 0.836%** 0.924%%* 0.918%%*
L. -0.052%%* -0.011%* 0.032%%* 0.025% 0.035%%* -0.009 0.001 0.04: 1%%* 0.002 0.089%**
L, 0.4 7H** -0.044 -0.166 0.048 -0.120 -0.033 -0.207%%* -0.166 -0.102 -0.442%**
Lo 0.877H** 0.966%** 0.982%%* 0.957*%* 0.979% %% 0.982% %% 0.686%** 0.977%%* 0.972% %% 0.969%**
Model diagnostics:
AIC -18.861 -18.831 -18.773 -14.161 -13.846 -14.277 -14.071 -18.960 -18.481 -14.093
Log Likelihood 5788.197 5770.505 5746.393 5908.148 5776.889 5956.042 5870.584 5824.295 5604.222 5879.732
Note:  AIC refers to the Akaike information criterion. *#* *% * denotes the significance level at 1%, 5% and 10% respectively.
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The coefficients S11 and S22 in Table 4 and Table 5 explain that their own past events and vice versa have
influenced the present volatility in the variables. In the short term, all the variables used for the study are positively
impacted by any developments in their respective markets. Thus, the coefficient S11 establishes a significant
positive correlation and defines the shocks from lagged values of green bond indices to their current conditional
volatility. Similarly, the significant coefficient S22 shows a positive correlation and describes the shocks from the
lagged values of equity indices to their current conditional volatility.

Likewise, the coefficients L11 and L.22 in Table 4- and Table 5 explain that the past volatility of the variable will
have a positive influence on its own current conditional volatility and vice versa. The coefficient L11 establishes a
significant positive correlation and defines the volatility impact from lagged green bond values to its current
conditional volatility. Further, the significant coefficient L22 also shows a positive correlation and specifies the
volatility from lagged values of equity indices to their current conditional volatility.

The S12 coefficients in Table 4 and Table 5 explain the influence of past events in green bond markets on the
global equity indices of developed and emerging economies. The recent news regarding green bonds has no impact
on anything but the Nikkei index. In contrast, positive shock transmission is observed in the short term from green
bonds on S&P, FTSE, and Bovespa indices, negatively impacting DAX, CAC, Nifty, Kospi, and Mexico indices. The
S21 coefficients in Table 4 and Table 5 explain the influence of past events in the stock indices of developed and
emerging economies on the green bond indices. Positive shock transmission is observed in the short-term from
Shanghai and Mexico indices to green bond indices, and past developments in the Bovespa index negatively impact
green bond indices. Other indices have no short-term information spillover on green bonds.

The L12 coefficients in Table 4 and Table 5 explain the long-term persistence of past volatility impacts from
green bond indices on the current conditional volatility of global equity indices of developed and emerging
economies. The conditional volatility of green bond indices does not impact Shanghai and Nifty indices. At the same
time, positive volatility spillover is observed in the long term from green bonds on DAX, CAC, Kospi, and Mexico
indices, negatively impacting S&P, Nikkei, FTSE, and Bovespa indices. The L21 coeficients in Table 4 and Table 5
explain the influence of past volatility in the stock indices of developed and emerging economies on the green bond
indices. Positive volatility spillover is observed in the long term from the S&P index to green bond indices, and past
volatility in F'TSE, Nifty, Bovespa, and Mexico indices negatively impacts the current conditional volatility of green

bond indices. Other indices have no long-term volatility spillover on green bond indices.

6. CONCLUSION

Exploring the connections between the relatively new green bond markets and international stock markets
during the unforeseen global lockdown. This study examines the volatility spillovers and dynamic conditional
correlations between the global green bond market and the stock markets of developed and developing economies.
The short-term impact of past news as well as the long-term persistence of green bonds on the current conditional
volatility of global equity indices in developed and developing countries is observed. In contrast, just a few equity
indices impact the green bond indices in the short and long term.

The findings give regulators, researchers, and international investors future guidance on portfolio construction
and hedging. Further, the study can be expanded to more economies, and sectoral stock indices can be further
investigated. The study is confined to only 10 broader stock indices considered for research, whereas further

research can be done in the area of other stock indices and sectoral equity indices for more in-depth findings.
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