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Abstract

There is growing importance of green finance as a means to finance sustainable projects and reduce carbon emissions. Green
bonds have emerged as an important financing tool in this context, and there is a need to understand how they are intercon-
nected with other components of the green finance ecosystem, such as renewable energy and carbon markets. This study
investigates the interconnectivity of green finance by analyzing the dynamic spillover effects among green bonds, renewable
energy stocks, and carbon markets. Using daily data spanning from January 2010 to December 2020, vector autoregressive
models and time-varying parameter models are applied to examine the transmission channels of shocks among these assets.
The results reveal significant dynamic spillover effects between green bonds and renewable energy stocks, as well as between
carbon markets and renewable energy stocks. Additionally, the findings suggest a complementary relationship between green
bonds and carbon markets. This study provides insights into the interdependence of different green financial instruments
and their role in promoting sustainable development. The outcomes of the research can guide policymakers, investors, and
other stakeholders in making informed decisions regarding green finance.
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Introduction et al. 2022). The developing economies green bond issuance

has been on a steep upward trend thorough 2017 also tak

Several initiatives have been launched to improve financial
viability and growth in response to global warming and
ecological deterioration. Whether green bonds may be uti-
lized as a form of hedging in the context of financial risk
administration has become more pressing as their preva-
lence in the financial markets continues to grow. Fang et al.
(2022a) analysis’s overarching goal is to measure how well
green bonds perform as dynamic hedges against implied
volatilities, which are future market uncertainty (Xiuzhen
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into account these sectors volatilies.

There have been several studies that examine the interplay
between the green bond market and other industries, such as the
traditional bond market (Ullah et al. 2020). Yet, research on green
bonds’ usefulness as a hedge against economic risk has been
scant. With the ever-increasing scale of the green bond markets,
this problem has become more significant. This analysis shows
that green bonds are an affordable and efficient hedging tool.
Expenditure in green bonds may be protected against fluctuations
in currency and product prices; according to a recent research by
Wei et al. (2022), it shows that green bonds are less successful
at hedging than before the COVID-19 epidemic but are more
effective against currency market swings.

Investors and regulators may benefit greatly from the
data provided by implied volatility. The implied volatility
of an option is determined by re-parameterizing the option
price in the industry. Hence, it stands for the market risk
that participants expect to materialize. In addition to the
Black-Scholes implied volatility and historical realized vol-
atility, He et al. (2019) discovered that “implied volatility
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subsumes all information included in each,” making it a
more accurate predictor of future realized volatility. Nev-
ertheless, there has not been a conclusive proof that the
development of implied volatility can be predicted. Hence,
the findings are contradictory. So, it is essential to hedge
against implied volatility, which is synonymous with hedg-
ing against uncertain forward-looking market risk. Ecologi-
cal integrity is fundamental to the current economic sys-
tem (Umair and Dilanchiev 2022). Reducing poverty and
ensuring long-term financial development are directly tied
to energy security and ecological sustainability. Numer-
ous empirical studies have been conducted on the factors
that contribute to ecological sustainability, such as the
importance of green technology, the availability of energy
resources, and the prevalence of alternative and nuclear
energy, robust financial development, global trade, clean
energy expenditure, high industrial value-added, capital
formation, urbanization, population development, bioca-
pacity, rising energy usage, and increasing tourism. Recent
research (Wu et al. 2022) found that increasing ecological
sustainability is essential, and this can only be done via
sustainable oil use and manufacturing. Although research-
ers have devoted a great deal of effort to understanding the
factors that contribute to and affect ecological sustainabil-
ity, they defend the idea that cryptocurrencies are matur-
ing into financial assets in light of their dramatic price
appreciation over the last several years. Since it is both
the most widely used and the pioneering cryptocurrency,
Bitcoin naturally draws much interest. Bitcoin’s puzzle-
solving abilities allow decentralized systems to validate
transactions reliably and issue new currency without a cen-
tral authority. While the amount of Bitcoin transactions has
risen, competition on the network has also increased. The
complexity of the crypto algorithm that pays miners and
verifies blocks makes it more difficult to predict energy
and power fluctuations. BBC estimates that Bitcoin uses
121.36 terawatt hours (TWh) of power yearly. This is far
more power than any home in Argentina needs. The Bitcoin
Energy Consumption Index created by Digiconomist shows
that one Bitcoin transaction is comparable to the power use
of a typical American household for 53 days (Pan et al.
2023). These findings show that the energy industry is
expected to play a significant role in the development of
cryptocurrencies in the future.

There have been several studies that examine the interplay
between the green bond market and other markets, such as
the conventional bond market and the conventional stock
market (Li and Umair 2023). Yet, research on green bonds’
usefulness as a hedge against economic risk has been scant.
With the ever-increasing scale of the green bond markets,
this problem has become more significant. This analy-
sis shows that green bonds are an affordable and efficient
hedging tool. Expenditure in green bonds may be protected
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against fluctuations in currency and product prices. Recent
research shows that green bonds are less successful at hedg-
ing than before the COVID-19 epidemic but are more effi-
cient against currency market swings.

Investors and regulators may benefit greatly from the data
provided by implied volatility. The implied volatility of an
option is determined by re-parameterizing the price in the
market (Liu et al. 2023). Hence, it stands for the industry
risk that participants expect to materialize. In addition to
the Black-Scholes implied volatility and historical realized
volatility, it was discovered that “implied volatility subsumes
all information included in each,” making it a more accu-
rate predictor of future realized volatility. In light of this,
there is a subfield of academic study concerned with whether
or not the implied volatility trajectory may be anticipated.
Nevertheless, there has not been a conclusive proof that the
development of implied volatility can be predicted (Ikram
et al. 2019) (Igbal et al. 2022). So, it is essential to hedge
against implied volatility, which is synonymous with hedg-
ing against uncertain forward-looking market risk.

The growth of the green bond market over the last sev-
eral years is a concrete evidence of the global economy’s
dedication to sustainability (Mohsin et al. 2020b). This long-
term approach to sustainability is applied to the context of
the natural ecosystem and financial development. Then,
expenditure in a green bond indicates concern for the long-
term health of the global economy. So, it makes sense to
investigate whether or not green bonds can serve as a reli-
able hedging vehicle for implied volatilities, which stand for
future industry risks (Agyekum et al. 2021). The efficacy of
hedging against implied volatilities using assets other than
green bonds, for instance, demonstrates that implied volatili-
ties of other assets, such as equities, products, currencies,
and socioeconomic situations, may be used to hedge implied
volatilities of crude oil. In addition, adopting a flexible hedg-
ing strategy may provide substantial returns for investors.
Future oil stockholders may reap significant rewards from a
dynamic trading strategy contingent on oil volatility regimes
(Asbabhi et al. 2019). Agriculture-implied volatilities can be
employed as a hedge against crude oil-implied volatility.
Instead of using the implied volatilities of other assets, look
at the efficacy of hedging in the Bitcoin, gold, commodities,
and US dollar markets against the implied volatility of crude
oil (Nasreen and Anwar 2014). According to the writers,
Bitcoin’s hedging performance is superior to that of gold and
commodities but inferior to that of the US dollar.

By analyzing the dynamic spillover effects among green
bonds, renewable energy stocks, and carbon markets, this
study seeks to understand the interconnectedness of green
finance. This study employs vector autoregressive (VAR)
and time-varying parameter models to daily data from Jan-
uary 2010 to December 2020 to identify the transmission
pathways through which shocks spread among these assets.
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The selected timeframe enables a thorough examination of
the interactions and dynamics among green bonds, renew-
able energy stocks, and carbon markets over time. The VAR
models offer a framework for analyzing the causal connec-
tions and interdependencies between the relevant variables.
These models can capture the dynamic interactions between
green bonds, renewable energy stocks, and carbon markets
by considering lagged effects and feedback loops. A more
nuanced understanding of the changing dynamics in the
green finance ecosystem is made possible by the time-vary-
ing parameter models, which also consider potential varia-
tions in the relationships over time. Using these econometric
models, this study examines the interactions between green
bonds, renewable energy stocks, and carbon markets to offer
insightful information to policymakers, investors, and other
green finance stakeholders. With the help of these insights,
decision-making processes can be improved and informed
strategies can be developed to maximize the contribution of
green financial instruments to promote sustainable develop-
ment. Moreover, by thoroughly examining the interdepend-
ence between various elements of the green finance ecosys-
tem, this research adds to the body of knowledge already
available on the subject.

The rest of this paper is organized as follows: The rele-
vant literature on green finance is summarized in the “Litera-
ture review” section, focusing on the connections between
green bonds, renewable energy stocks, and carbon markets.
The methodology used in this study, including the data and
econometric models used (VAR models and time-varying
parameter models), are described in the “Methodology” sec-
tion. The findings are presented in the “Result and discus-
sion”, along with their implications. The paper is concluded
in the “Conclusion and policy implications” section with
a summary of the main findings and their implications for
investors, policymakers, and other stakeholders in the field
of green finance.

Literature review

Most studies have focused on discovering how GBs vary
from other bonds regarding risk and return. Verifying a
green premium, also known as geranium, connected with
the issue of GBs has been a central area of study since
it facilitates issuing GBs over common bonds. Specifi-
cally, 121 European GBs issued between 2013 and 2017
were examined and an evidence that GBs are economi-
cally superior to non-green bonds was found. As a result,
corporate issuers benefit more, and this advantage remains
in the secondary market (Igbal et al. 2019). Hence, GBs
are a viable option for businesses seeking to finance or
restructure environmentally friendly projects at a reduced
cost of capital.

State green bonds have larger spreads than their non-
green counterparts, whereas green business bonds have
narrower spreads. Using data from 89 bond pairings con-
clude that GBs outperform their conventionally issued
counterparts regarding yield, liquidity, and volatility. In
particular, unless the private issuer is committed to cer-
tifying the bond’s “greenness,” institutional GBs have a
negative premium, whereas corporate GBs have a posi-
tive premium. As a result, green initiatives may be funded
at a discount, and GBs might reap a negative premium.
In their recent paper, it shows that general balance sheets
are not considerably tighter in trade than their equivalents.
According to Shah et al. (2019), GBs have a lower yield
than traditional bonds, signifying a negative premium. This
is especially true for financial and low-rated bonds. One
such factor that might impact GB yields is the issue size.
Market size and the presence of institutional investors are
mentioned as possible incentives for investors. Emphasis
of academic discourse towards “green stocks” and “green
bonds,” in particular against the background of global
warming concerns (Mohsin et al. 2020a). The asset alloca-
tion features of green bonds were recently investigated by
utilizing copula-based approaches. The research found that
the positive effects of green bonds on portfolio administra-
tion manifest themselves during rising returns and falling
market volatility. Similarly, the potential of green com-
modities and other precious metals as climate risk hedges
was mulled (Zhang et al. 2021a). These results indicate that
green bonds help mitigate climate-related expenditure port-
folio risks. Green bonds have shown promise as a valuable
asset class diversifier. According to the financial industry,
circumstances profoundly impact the usefulness of green
bonds and other traditional bonds. Green bonds have been
shown to have a time-varying relationship with other
bonds, as discovered. Clean energy equities were shown to
move in tandem with other markets significantly. Consist-
ent with previous research, it was found that green bonds
exhibit substantial co-movements with other markets, espe-
cially during industry instability. Based on these results,
green bonds might help shareholders mitigate portfolio risk
(Xia et al. 2020). Widespread research over the past dec-
ade has discussed the value of cryptocurrencies as a haven
asset and having a vital hedging role amid uncertainties,
especially during the recent pandemic. On the other hand,
some research has shown that cryptocurrency’s volatility is
often more significant than that of traditional investments
(Mohsin et al. 2020a).

Green bonds and digital currencies have been linked
for some time, but this connection has only recently been
explored in the academic literature. A TVP-VAR net-
work connectivity model was used to discover that there
is time-varying and heightened crisis-related spillovers
across cryptocurrencies and green and fossil fuel assets.
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Also, negative return spillovers are more significant than
positive ones among these assets. The research empha-
sizes the role of cryptocurrencies as diversifiers of assets
alongside the efficiency of green bonds. Yet, in a rising
industry, green bonds do not correlate well with digital
currencies. Researchers found widespread market con-
tagion throughout the outbreak. A rising body of litera-
ture has weighed in on the significance of cryptocur-
rencies as critical financial tools, as seen by the above
debate (Mohsin et al. 2018). The study highlighted the
extreme volatility of the cryptocurrency markets. Con-
flicting data support the link between cryptocurrencies
and traditional assets. In contrast to traditional bonds,
green bonds are thought to carry a substantial “gera-
nium” or “green premium.” In subsequent research, we
analyze the interplay between green bonds and the finan-
cial markets to conclude their use as portfolio additions
and risk mitigation tools (Mohsin et al. 2022). There is
potential for improvement in the expansion. Still, more
scholarly literature is needed on the interaction, even
though the sustainability of our world. Using copula
functions and conditional diversification metrics dem-
onstrates that green bonds are highly correlated with
state and business bonds but weakly correlated with the
share and energy sectors. The diversification advantages
from pairing green bonds with government bonds, even
though it show excellent diversification capacities for
stock and energy markets.

Although structural aspects, prior research (Mohsin
et al. 2021) mainly analyzes price spillovers solely,
neglecting spillovers in the second instant of the return
distribution. Notably, asymmetric GARCH-based mod-
els must display or analyze these stylized aspects rather
than highlighting a significant knowledge gap at the
intersection of climate bonds and financial industries.
Notably, relationship between green bonds and finan-
cial markets occurred outside the sample period used.
In light of the recent discussion regarding how climate
change and the COVID-19 pandemic pose intertwined
and timely challenges to policymakers in 2021, address-
ing this issue is crucial for the sake of stockholders and
governments.

Methodology

Event study

This study employed industry reacted to the COVID-19
epidemic, building on the work of, who examined the

green bond industry in China (Liu et al. 2022c). With the
advent of the event-study approach, researchers were able
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to analyze the industry’s reaction to unforeseen events.
Using this strategy, this study calculated the accuracy by
factoring in the following:

R =1 il
=n(7)

AR, =R,—R 2)

Where OVI denotes the out-of-the-ordinary rate of return at
a time and the average rate for the estimate interval.

Following the recommendation by, the event Mohsin
et al. (2022) date of this study was set as March 11, 2020,
the day the World Health Organization first proclaimed the
worldwide outbreak.

. 1 1=—199
R= 100 2;:-100 R, &)
CAR,= Y AR, )

Vector auto regression approach

To concurrently estimate several pairwise VAR parameters,
the model considers heteroscedasticity and parsimony. For this
study, we used the DCC-GARCH model, which was developed
for OVX varaibles by (Monnin 2018) VAR estimation has two
stages in its implementation. Starting with a univariate VAR
model, the standard residuals are obtained as follows:

re= Ut E g~ N(O, H,) 5)

h,=w+ah,_, +be 6)

where CVI the rate of return is, is the rate of technology, and
h is the hypothetical variance based on the endogenous vari-
able and the rate of technology. In the second stage, a DCC
factor is estimated using multivariate VAR and standardized
residuals, as shown below:
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Volatility forecasting
Realized measures

We predict a real return in a banking system using a real-
ized return; further attempts were made for the introduc-
tion of the risk value (RV) indicates. After these studies,
realized indicators have become more popular for vola-
tility analyses and. In contrast, microstructure noise is
accounted for by the realized kernel. The present study
elucidates the factors that cause green bonds to be vola-
tile. In-sample estimation or causality tests are often used
in the existing research on the interconnectedness of the
green bond sector and other essential sectors, and some-
times contentious conclusions are given. The results of
this study were drawn from an out-of-sample prediction
review to ensure their accuracy and validity. Crucially,
the accurate measure of volatility was used throughout
this study to exclude any possibility of skewed results,
even though the resulting measure was calculated using
intraday data according to Chen et al. (2020). Weekly,
monthly, and quarterly RV are just a few examples of
the lower frequency realized measures that have been
endorsed and used by investigators who build them from
daily returns.

Weekly RV was calculated using the following formula-
tion derived from existing literature.

5 .
RVI:Zt:l rit,(l= 1,2...,5) (1m)

where stands for the weekly OVR, and on the day of the
week, the return between close and close is represented
by Zf:] rl.z’ .- Interestingly, daily returns were used in con-
structing weekly RV rather than intraday yields since they
are immune to problems such as structural noise and price
surges throughout the trading day.

Weekly VAR estimator

Given the remarkable success of the VAR process in pre-
dicting realized indicators, it is advocated that more man-
ageable (Shen et al. 2021). Many studies have shown the
HAR model’s superiority in volatility forecasting. Spe-
cifically, VAR may be divided into sections representing
long-, medium-, and short-term horizons. With its ability
to represent the fashion, VAR is a valuable tool for volatil-
ity forecasting.

In keeping with the spirit of VAR (Wang et al. 2022),
the following three factors based on varying time intervals
contributed to the weekly RV:

RV

t+1

= fy+ PRV + RV + B3RV + B, X" +&,.1 (12)

In this study, we adopt an external factor in the form
industry and relevant industries. Monthly intervals were
established based on the following:

m 1 3 W

RV =2 > RV, (13)
q 1 1 w

RV! = = D RV, (14)

Forecasting evaluation

These are some formulations of the loss functions:

1 i+j ~ 2
MSE = J Zt=i+1 (RV, —RV,) (15)
MAE =1 > ’RV _RV, 1
j =i+l ! ! (16)
1 it A 2
HMSE = = > (1-RV/RV) an
1 i+j .
HMAE = - Y [1-RV/RY, (18)

The MCS test excels because of its freedom in choosing a
loss function without being hindered by a skewed reference
model (Li et al. 2021). This method is crucial for assessing
volatility forecasts. The core of an MCS analysis is a series
of iterations meant to test the, the MCS test is complete. The
calculations in the present study were performed using the
computer language R.

Data

In recent years, many global green bond indexes have been
created to track the performance of the international green
bond industry. There are reports that the global green bond
indexes have correlation factors near 1, suggesting that their
underlying dynamics are comparable. Also, we performed
a robustness test by referring to the Solactive Green Bond
Index.

This study’s predictors were drawn mainly from the finan-
cial markets, where the authors found inspiration from ear-
lier studies (Liu et al. 2022b). The foreign exchange market
fixed-income market; and the market for green bond and
cryptocurrency have developed. The dynamics of environ-
mentally friendly financial products are the subject of new
research.
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There are three primary sources of uncertainty: the
financial sector, the energy sector, and green expendi-
ture activities (Zhang et al. 2021b). According to Xu
et al. (2023), a firm’s bottom line can take advantage
of taking steps to slow ecological degradation because
doing so can garner the interest of potential stockhold-
ers and lead to the provision of additional technological
or financial support on the part of administrations (Yu
et al. 2021). The market’s performance may improve
as a result of this circumstance. The conventional eco-
nomic industry and the green financial industry may
be related. Green expenditure activities and the energy
market impact the green financial market. For instance,
a corporation’s manufacturing expenses and earnings
are affected by the state of the energy industry. Market
participants’ confidence in an investment firm helping to
usher in the low-carbon economy is correlated with the
extent to which it engages in green expenditure activi-
ties. Hence, green economic sector players often fac-
tor in energy product mobility while making choices.
In addition, the fact that prior studies have primarily
thought about the price connection explored the volatil-
ity connection.

The green bond (GB) is widely used as a stand-in for
worldwide economic unpredictability, according to the
work of Yu et al. (2020). This analysis relies entirely on
information culled from Bloomberg and S&P Global.
Because most international indexes of green bonds only
became accessible after 2014, the timeframe covered by
this study which is more than 6-years-long runs from
October 2013 to January 2020, using the CVI initial dif-
ference as a forecast rather than a realized indicator. This
analysis primarily examined the effect of shocks emanat-
ing from different sectors of the economy, particularly
the financial industry, state-of-the-art and earlier studies
focusing on price dynamics. Instead of using in-sample
estimates, the conclusion relies on RV predictions per-
formed outside of the data set.

Result and discussion
Descriptive statistics

The descriptive statistics are shown in Table 1. We found
that all series exc had positive daily averages. Bitcoin was
the most volatile currency, followed by Ethereum. As com-
pared to OVX, CVI, Green, green bond indexes showed
more minor standard deviations, indicating they were less
volatile investments (Yao and Liu 2021). All market returns
were also shown to be leptokurtic. All markets exhibited
non-normal price distributions as measured by kurtosis,
skewness, and the Jarque-Bera index. The unit root’s null
hypothesis was rejected at the 1% level using statistics.
According to Table 1, every series except GB, RE, and SOE
had kurtosis over threshold, suggesting that the returns
series for the period had flatter tails than would be expected
from a normally distributed series. The GB statistics also
argue against the null hypothesis for the unit root at the 1%
level, and the Jarque-Bera test enables us to reject it for all
series at the 1% level.

Static correlation

The Pearson correlation coefficients between the various
components of China carbon futures and stock returns of
liner shipping firms are shown in Table 2. Markowitz’s
portfolio theory criterion is met by the correlation of 15.78
percentage points among Maersk and carbon futures in the
frequency band. In contrast, the correlation between the
other liner shipping firms and carbon futures is modest
and negative (Shen et al. 2022). In the d2 frequency range,
correlations between carbon futures and shipping busi-
nesses like Maersk, CVI, SOE, and OVX are more than
5%, whereas correlations with the other shipping companies
are weak. Maersk, GB, RE, and Kline are among the corpo-
rations with 14.23%, 15.92%, 8.02%, and 16.19 percentage

Table 1 Descriptive statistics

GB RE OvVX SOE Green CVI
Mean -0.129 —0.049 -0.077 -0.161 —-0.142 —-0.088
Max 21.470 15.407 14.647 18.950 11.543 41.139
Min -17.614 -12.218 —14.088 -32.719 —-16.014 -17.877
Std. dev 4.088 3.280 4.141 4.208 3.750 4.119
Skewness 0.321 0.321 -0.129 —-0.166 -0.202 0.671
Kurtosis 6.480 5.450 5.171 11.870 6.704 19.655
Jarque-Bera 1280 780 629 3881 1388 21930
ADF -39.39 —41.19 —41.77 -41.19 —43.50 —42.58
ARCH (10) 11.19 12.752 12.71 13.47 70.18 7.17
Q (30)° 162.90 288.60 655.31 500.66 3572 114.04
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Table 2 Static correlation

Static correlation GB RE ovx SOE Green CcvI
GB 1

RE —-0.80 1

ovX 0.41 -0.49 1

SOE 0.29 —0.50 0.81 1

Green 0.14 —0.29 0.39 0.39 1

cvi -0.03 —0.06 0.15 0.14 0.10 1

correlations with carbon futures on the d3 frequency band.
There is little to no association between carbon futures and
stock returns across all three-time scales, suggesting that
risk may be successfully mitigated via portfolio methods,
as presented in Table 2.

Using the static spillover transmission method, we begin
by investigating the COVID-19 pandemic’s impact on green
bond markets, cryptocurrencies, and uncertainty. By this
method, we can see how the degree to which market expec-
tations shift in response to occurrences in other markets
and the degree to which connection across markets changes
over time (Lv et al. 2022). We looked at bear market condi-
tions to determine the spillover impacts of cryptocurrencies
and COVID-19 pandemic-related uncertainty on the green
bonds market. The data demonstrated that static spillover
effects were more pronounced at the lower and higher quan-
tiles than at the median. Static spillovers from all indices
topped 81.41% for both green bond and cryptocurrency sys-
tems during bear and bull market states but were only 54.75
percentage points under stable market conditions in Fig. 1.

Base model analysis

It is also noteworthy that in the significantly lower and
higher industry states, the uncertainty associated with green
bond indexes and cryptocurrencies. Finally, Tables 3 shows
that crypto assets were the most significant net contributors
to volatility shocks. In the case of environmentally friendly
bonds, these investments often provide a positive return.
Our results verify that both OVX and green bonds are shock
transmitters. Similarly, a study of the interplay between Fin-
tech, green bonds, and cryptocurrencies found that Bitcoin
was a net contributor to volatility shocks during the period
from November 2018 to June 2020, while green bonds and
green bond selections were net beneficiaries of the ensu-
ing market fluctuations. This table presents the preliminary
analysis of six different return series denoted by the index
names, namely, GB, RE, OVX, SOE, Green, and CVL.
The analysis includes various statistical measures, such
as the mean, standard deviation, median, minimum, maxi-
mum, range, skewness, and kurtosis. These measures give
us an understanding of the central tendency, variability, and
shape of the return series. The mean values for all series are

relatively small, indicating that on average, the returns are
close to zero. The standard deviation values are small for GB
and RE but higher for OVX, SOE, Green, and CVI, suggest-
ing that the latter series have higher variability. The median
values are also close to zero for all series except Green,
which has a median of 0.004. The minimum and maximum
values show the range of returns observed in each series. The
highest range is observed in the Green series, with a value
of 0.597. The skewness values provide insight into the sym-
metry of the return distributions. Negative skewness values
for GB, OVX, and SOE indicate that these series have more
negative returns. Conversely, positive skewness values for
RE and Green imply that these series have more positive
returns. The CVI series has a skewness value close to zero,
indicating a more symmetrical distribution. The kurtosis
values provide information on the shape of the return distri-
butions. High kurtosis values indicate that the distribution
has a sharper peak and heavier tails than a normal distribu-
tion. All series have kurtosis values higher than three, except
for CVI. The OVX series has the highest kurtosis value of
8.739, indicating a more peaked and fat-tailed distribution.

The JB test, ADF test, and PP test are statistical tests
that provide evidence of the normality and stationarity of
the return series. All series have statistically significant JB,
ADF, and PP test values, indicating that they are not nor-
mally distributed and are non-stationary. Finally, the LB (20)
test measures the autocorrelation of the return series up to
20 lags. The Green series has a statistically significant LB
(20) value of 70.04, indicating the presence of autocorrela-
tion in the series.

Table 4 presents an overview of the dynamic conditional
correlations (DCCs) between the six return series, namely,
GB, RE, OVX, SOE, Green, and CVI. The DCCs measure
the extent to which the correlation between two return series
varies over time. Specifically, they provide information on
the conditional correlation between the series at time ¢, given
the information available up to time t-1. The table shows the
mean, standard deviation, minimum, and maximum values
of the DCC:s for each pair of return series. The mean values
of the DCCs range from —0.6715 to 0.1266. The negative
value for GB indicates an inverse relationship between GB
and the other return series. Positive values for RE, OVX, and
CVI suggest a positive relationship between these series and
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Fig. 1 Q-Q plot of OVX and
GB

Table 3 Preliminary analysis of
the return series.
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Std. dev. 0.008 0.007 0.019 0.041 0.059 0.059
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Min -0.061 -0.019 -0.129 -0.250 -0.350 -0.180
Max 0.041 0.041 0.105 0.170 0.260 0.229
Range 0.088 0.061 0.242 0.414 0.597 0.404
Skewness —1.181 0.490 —-1.218 —0.666 —0.442 0.077
Kurtosis 6.877 1.988 8.739 7.459 4.142 0.566
JB test 0297% 3% 70.7%%* 1388#** 1014%#** 380*** 4.62%*
ADF test —5.7#%* —5.1%%* —6.4%%* —7 4% —7.5%%% —6.1%%*
PP test =33k S35k -388%** =34 %%k -259%#:% =33 %k
LB (20) 30.81 22.29 14.60 24.30 70.04%%* 30.50
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Table4 An overview of DCCs

DccC Mean Std. dev. Min Max
GB —0.6715 0.0621 —0.7908 —0.4377
RE 0.0500 0.1015 —0.2505 0.3731
ovX 0.0977 0.0888 —0.2251 0.3549
SOE —0.0251 0.0670 —0.2990 0.2190
Green —0.0105 0.0546 —0.1950 0.1287
cvi 0.1266 0.0988 —0.2008 0.4480

the other return series. The SOE and Green series have mean
DCC values close to zero, indicating a weaker relationship
with the other series. The standard deviation values range
from 0.0546 to 0.1015, with the RE series having the high-
est value. The higher standard deviation values suggest that
the correlation between the return series varies significantly
over time. The minimum and maximum values show the
range of the DCCs observed for each pair of return series.
The range for GB is the highest, with a minimum value of
-0.7908 and a maximum value of —0.4377, indicating a wide
variation in the correlation between GB and the other series
over time. Overall, the DCCs provide important information
on the relationships between the return series and how these
relationships vary over time. Understanding these dynamics
is crucial for portfolio management and risk assessment. No
matter the economic climate, the most beneficial spillover
effects were shown in the six COVID-19-related indices.
This suggests that the fear of a global corona virus outbreak
was the most significant influence on the green bond and
cryptocurrency sectors. This result demonstrates that the
published COVID-19 data exacerbate market volatility.
Cameron and Trivedi (1990) found similar findings, namely,
those official releases of the COVID-19 new case infection
and mortality ratio favorably impact the volatility of finan-
cial markets in the China. High-frequency patterns in the

Table 5 Base model results

implied volatility of S&P 500 index options and the OVX
are affected by macroeconomic pronouncements.

As for the relationship between green bonds and cryp-
tocurrencies, under extremely adverse market conditions
and highly favorable market conditions, volatility spillovers
from cryptocurrency markets are statistically produced to
green bonds. Bullish cryptocurrency markets have trans-
ferred 27.96 percentage points to the MSCI green bond
index worldwide, 28.03 percentage points to the MSCI green
bond index in China, and 27.78% to the S&P green bond
index. Liu et al. (2022a) and Chang et al. (2022) suggest
that cryptocurrency markets had a significant impact during
bull markets for green bonds. When the market was bearish,
everyone acted the same way (Table 5).

The net pairwise information connectivity displayed in
reveals, on the other hand, that shocks in cryptocurrency’s
markets have been communicated to all green bond markets
under all market conditions, with CVI dominance notable
during negative market periods. Based on these results, Bit-
coin may have a more significant overall impact on green
bonds than Ethereum, OVX, or SOE. Hence, growing trends
in CVIinvestments by investors and decision-makers world-
wide may account for CVI market domination. Overall, we
assume that the four cryptocurrency markets causing us to
worry are heavily connected with green bonds regarding the
return transfer mechanism, especially in unfavorable market
occurrences. In light of the COVID-19 health crisis, inves-
tors and policymakers need to assess the impact of crypto-
currency’s shock spillovers on green bonds when markets
are bearish and bullish to formulate optimal crypto-green
bond portfolios that maximize benefits and minimize risks,
as presented in Table 6.

The static interconnectedness of market-to-market vol-
atility spillovers in the form of a heatmap. The height of
the colored bar indicates the magnitude of the spillovers in
volatility between the market pairs. Cells with lighter colors

GB T statistic RE T statistic ovX T statistic SOE T statistic

AR (0) —0.0055%** -3.07 —0.0061%#** -3.00 —0.0117%** -3.47 —0.0143%** —6.16
AR (1) —0.0261*** —5.80 —0.0170%** —4.70 —0.024 [ *#** —7.90 —0.0388%** —18.77
AR (2) —0.0118%** —4.88 —0.014 1%** -3.71 —0.0117%** -3.50 —0.0031 -1.31
AR (3) —0.0070%* -3.31 0.0050 1.51 —0.0039* —1.69 —0.0315%** —14.66
AR (4) —0.0203%** -5.79 —0.0190%** -5.28 —0.0261%** —11.80 —0.0177%** -7.17
AR (5) —0.0305%** —-11.28 —0.0204%** —7.88 —0.0366%** —14.61 —0.0381*** —18.12
AR (6) —0.0103%** —4.50 —0.0050 -1.61 —0.0180 -6.50 —0.0270 —14.47
AR (7) 0.0080%* 3.61 0.0080%** 3.60 -0.0014 —0.60 0.0002 0.04
AR (8) 0.0040 1.03 0.0051 1.58 0.0019 0.77 —0.0166%** -8.21
AR (9) —0.0017 —0.70 0.0007 0.31 0.0061*** 3.39 0.0080%** 4.81
AR (10) 0.0014 0.50 —0.0004 -0.21 0.0105%** 341 0.0218%** 12.07
AR (11) 0.0216%** 6.28 0.0180%** 4.88 0.0166%** 6.19 0.0277%** 13.11
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Table 6 Cumulative abnormal returns.

GB T statistic RE T statistic ovx T statistic SOE T statistic
CAR (0, +2) —0.050%** —7.518 —0.041%%* —6.104 —0.051%%* —11.907 —0.062%%%* —17.310
CAR (0, +5) —0.102%** —14.939 —0.068%** —8.830 —0.112%%* —18.141 —0.150%%*%* -31.530
CAR (0, +8) —0.102%** —12.331 —0.070%** —6.171 —0.130%%* —16.889 —0.190%%*%* —29.650
CAR (0, +11) —0.077%** —6.770 —0.052%** —3.471 —0.088*** —12.505 —0.129%%%* —18.061
Table 7 In-sample estimation GB RE ovX SOE Green
outputs
GB 0.000%** 0.000 0.000%*3* 0.000%%*3* 0.0007%%*%* 0.000%*
(2.415) (0.888) (4.758) (3.561) (4.590) (3.622)
RE 0.712%%* 0.39%** 0.239%%%* 0.166%** 0.697%%* 0.692%%*%*
(21.680) (6.566) (4.159) (4.396) (12.741) (12.680)
OvVX —0.181%* —0.260%** —0.216%** —0.090 —0.177%%* —0.181*
(—1.870) (—4.144) (—4.148) (—1.306) (-3.038) (-1.901)
SOE 0.090 0.080 0.151* 0.05 0.062 0.080
(0.761) (0.766) (1.841) (0.990) 0.471) (0.70)
Green e 0.918%#%** e e —_— e
(12.303)
CVI o o 0.051%%*(17.931) e e  —
R square 0.388 0.571 0.717 0.702 0.377 0.366
imply less volatility spillover connections, whereas darker  Taple8 Ranking of Barclays Prodicior
cells suggest stronger ones (Barbier 2020). Many darker- MSCI Green Bond Index
colored cells demonstrated that pairwise volatility spillover ~ forecasts given by weekly TP Forecasting length = 80
connectedness was larger in bearish and bullish states than VAR No predictor 7 11 6 6
in standard settings. The substantial volatility spillover trans- GB 6 7 4 4
mission is associated with green bonds in the media. In addi- RE 5 4 4 5
tion, the SSM combination has a sizable connection under ovx 5 5 11 11
excessive market risk, as measured by the volatility con- SOE 13 13 12 12
nectedness coefficient. Normal circumstances were charac- Green 118 8 7
terized by low volatility spillover connectivity, as shown by CVI 12 6 13 13

a lighter-colored heatmap matrix. This may show that while
the market was calm, the impact of COVID-19 uncertainties
and cryptocurrencies on green bonds was minimal. Many
cells with deeper colors imply higher volatility spillover con-
nectivity between market pairings, as presented in Table 7.

Table 8 displays some intriguing results for the model
using climate bond and gold indices. According to the return
formulae, climate bond returns greatly impact gold returns,
while bond returns do not respond to gold. As a result, the
performance of gold may be predicted by the performance
of climate bonds. In this situation, volatility is linked on both
sides. The effects of news shocks in one market might be felt
in the other. Thus, traders may use data from one market to
forecast the other.

Table 9 displays findings for the model using climate
bonds and crude oil indices, which are strikingly comparable
to those obtained using the stock-bond model. As a result,
the climate bond and oil markets are impacted by the shocks
and lagged volatility experienced in their respective sectors

@ Springer

Forecasting length = 160

No predictor 11 11 6 11
GB 6 7 4 4
RE 4 6 5 5
ovX 5 5 7 6
SOE 13 13 12 12
Green 12 8 11 5
cvi 7 4 13 14

in the past. There is considerable evidence of bidirectional
volatility transmission between the climate bond and crude
oil markets but no return spillovers. Oil price volatility is
affected by news shocks from the climate bond market, but
not vice versa.

There are a lot of fascinating discoveries about the link
between climate bonds and major economic sectors and
their volatility transmission. We first discovered a correla-
tion between climate bonds and share price market volatility
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Table 9 Results of the MCS test in Barclays MSCI Green Bond Index
volatility forecasting given by weekly TP VAR

Predictor

No predictor 0.00 0.66 0.00 0.00 1
GB 0.00 0.71 0.00 0.00 1
RE 0.00 0.77 0.00 0.00 1
ovX 0.00 0.80 0.00 0.00 1
SOE 0.00 0.71 0.00 0.00 1
Green 0.00 0.66 0.00 0.00 1
cvi 0.00 0.00 0.00 0.00 0

that works both ways. Consequently, the bond market may be
predicted using data from are a reliable predictor of future
gold yields within the framework of the gold-bond model in
Fig. 2. Finally, the magnitude levels of shocks and volatili-
ties in the cross-market news are shown to be significantly
less than the impacts of own one-period delayed shocks and
volatilities (Ding et al. 2014). Our findings show that the
last news and volatility shocks are more important in deter-
mining future price changes in each sector, as presented in
Table 10.

According to Table 11, the average connection between
bonds and gold or oil is positive. As a result, a rise in the
cost of gold or crude oil is mirrored in the market for cli-
mate bonds. Considering finance environmentally favorable
initiatives like renewable energy projects, this discovery is
not shocking for the RE oil market (Maddala and Wu 1999).
While renewable energy firms aim to provide a replacement
for crude oil, a spike in crude oil costs would drive finan-
cial agents to switch to other energy sources in Fig. 3. One
may thus anticipate that the price of renewable energy would

Fig.2 Range mean plot with
least square fit 2atr
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Table 10 Output of forecasting the encompassing test

Predictor Coefficient T value Predictor Coefficient T value
Intercept 0.00%%* 3.028  Intercept 0.00 1.331
No predic- —1.12 —1.108 No predic- —0.31 —0.460
tor tor
GB 0.61%%* 4815 GB 0.29%** 4.031
RE -0.17 —-1.472 RE —-0.19* —1.750
ovX —-0.05 -0.417 OvVX 0.04 0.339
SOE —-0.03 -1.508 SOE —0.06%**  —4.108
Green 0.70%* 1.766  Green 0.31* 1.680
CVI 0.05 1.161 c¢cvI 0.06 1.303
Adj. R 0.77 Adj. R 0.88
squared squared

climb once the price of crude oil did so due to demand-side
forces. This suggests that the oil industry and the climate
bond market will be positively correlated.

Moreover, it indicates that oil market players may have
chances for hedging. In contrast, environment bonds tend
to have the most significant association with the gold mar-
ket, suggesting that gold is not a valuable hedge for ethical
expenditures (Alola et al. 2022). There may be a positive
correlation between gold and climate bonds since both are
attractive options for investors seeking safety amid financial
downturns. According to the research of Fang et al. (2022b),
gold is not a reliable hedging tool for the bond markets in
China, as presented in Table 12.

The data show counterintuitiveness considering the
generally good correlation between stock and traditional
bond sectors. For instance, it provides evidence that share
and bond sectors are generally positively associated. They

range-mean plot for Date with least squares fit
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Table 11 Ranking of Solactive
Green Bond Index forecasts
given by weekly RV HAR

Predictor

Forecasting length = 80

No predictor 7 11 6 8
GB 5 7 3 3
RE 4 5 4 3
ovX 6 4 11 6
SOE 13 13 12 12
Green 8§ 8 8 7
cvi 11 5 13 13
Forecasting length = 160
No predictor 7 11 8 8
GB 5 7 5 3
RE 4 4 5 6
ovX 6 6 6 7
SOE 13 14 12 12
Green 12 8 11 8
CvI 7 8 13 13

claim that stockholders only go towards secure fixed-income
instruments like business expenditure and treasury bonds
during equities market volatility. The same is true of the
findings of Halkos and Managi (2023). Yet our research
shows that climate bonds and the S&P 500 index do not
move in tandem, suggesting that climate bonds may be
used to protect against losses in the S&P 500 in Fig. 4. Our
research has significant ramifications for moral investors
seeking to spread out the dangers inherent in asset holdings,
as presented in Table 13.

Table 14 shows the ranking of the Solactive Green Bond
Index forecasts given by the ARFIMAX model for two differ-
ent forecasting lengths of 80 and 160. The rankings are based
on the mean squared error (MSE) of the forecasts, with lower
MSE values indicating better forecasts. The table presents the
rankings for each of the six predictors considered, including
the index itself (GB), as well as five additional variables: RE,
OVX, SOE, Green, and CVI. The first column of each set of
rankings shows the results with no predictor. For the fore-
casting length of 80, the rankings suggest that using the GB
predictor produces the most accurate forecasts, followed by
the OVX predictor. The RE, SOE, Green, and CVI predictors
perform less well, with higher MSE values. When no predic-
tor is used, the model performs similarly to using the RE,
SOE, Green, or CVI predictors. For the forecasting length
of 160, the rankings remain similar, with the GB predictor
producing the most accurate forecasts. The OVX predictor
remains in second place, followed by the RE predictor, which
performs better than in the previous case. The rankings for
SOE, Green, and CVI remain the same as in the previous
case. Again, when no predictor is used, the model performs
similarly to using the Green or CVI predictors. Overall, the
rankings suggest that the GB and OVX predictors are the most

@ Springer

useful for forecasting the Solactive Green Bond Index, with
the RE predictor also providing some value. The other predic-
tors, including the index itself, do not appear to be as useful
for forecasting the index.

After that, we provide a best guess at the cross-quantilo-
gram findings during the current COVID-19 pandemic. As
the green bond market was established only after the global
financial crisis, its potential as a haven investment during
widespread industry turmoil may be tested. Recent research
shows that a haven spread, yet cryptocurrency’s exchanges
offered few refugee-friendly options throughout the epidemic
(Ofori et al. 2023). Nonetheless, gold’s status as a traditional
haven asset provided some refuge. Thus, we make an effort to
investigate how the market contagion may impact the diversi-
fier and safe-haven potential of green bond investors.

As shown in the first column of Table 14, the short-term
relationship between the green bond index and traditional
expenditure exhibits an amplified lead-lag association in
the lower-left returns quantiles, suggesting that green bonds
did not offer any safe-haven opportunities during the mar-
ket contagion. We also find a stronger lead-lag relationship
between the green bond index and traditional investing in the
middle quantiles of returns (Gossel 2018). This suggests that
the green bond’s diversification ability for short-term share-
holders is diminished during the outbreak. All the graphs
demonstrate a dynamic pattern of connection, confirming
the time-varying lead-lag relationship between the green
bond index and traditional expenditures. Quantiles of tradi-
tional expenditure returns and the green bond index’s lower
quantiles exhibit a dynamic link, as seen in the first column
of. For instance, there is a dynamically decreasing relation-
ship between the lowest quantiles of all stock investors and
the green bond index. Our finding suggests that green bond
returns continue to have a limited correlation with traditional
stock investments amid broad market volatility, making them
a potential hedge for equity shareholders. In addition, a more
in-depth examination of the epidemic reveals a discernible
drop in the lead-lag correlation, indicating that green bonds
may be an alternative investor during a financial crisis. Dur-
ing the epidemic, the disconnection between the green bond
index and more traditional assets like Green, SOE (Shahbaz
et al. 2018), and commodities investments is less promi-
nent. Moreover, we find evidence of a decoupling impact
between green bond returns and traditional expenditure in
the form of a rising correlation between inverse quantiles
of the green bond index and traditional equities assets (Anu
et al. 2023). The median and maximum quantile returns of
the green bonds index are less correlated with those of tradi-
tional investors, except for the CVI and the RE (Delacdmara
2008). As the lead-lag relationship weakens more for sample
stock investors and GB in the parallel medium returns quan-
tiles, green bonds are an excellent diversification option for
holders of these instruments.
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Table 12 Results of the MCS test in Solactive Green Bond Index
forecasting given by weekly TP VAR

No predictor
GB
RE
ovX
SOE
Green
cvi

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.81
0.77
0.77
0.71
0.80
0.81
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

S = === e

scaled frequency

Conclusion and policy implications

By considering the impact of the carbon price, this research
analyzes the transmission patterns of risk between green bonds
and renewable energy equities. This research, motivated by the
growing popularity of sustainable investing strategies, uses
daily data from 2010 to 2020, to analyze how green bonds,
carbon pricing, and renewable energy equities transmit their
respective returns to one another. This study examined the
precarious side of the green economic industry by first inves-
tigating how the green bond industry reacts to severe negative
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Table 13 Ranking of Barclays
MSCI Green Bond Index
forecasts given by ARFIMAX

Predictor

Forecasting length = 80

No predictor 7 12 4 8
GB 6 7 3 4
RE 4 4 7 5
ovX 5 5 11 11
SOE 13 13 12 12
Green 8§ 11 7 6
cvi 12 6 13 14
Forecasting length = 160

No predictor 8 11 8 4
GB 7 7 5

RE 4 5 5

ovX 6 4 11 11
SOE 14 13 12 12
Green 11 12 6 6
CvI 12 6 14 13

shocks and then delving into and analyzing in great detail the
factors that contribute to the volatility dynamics of the market.
These are some ways in which this study adds to the existing
body of knowledge: Via illuminating a case study that looked at
how the green bond industry reacted to the COVID-19 pandem-
ic’s shock, extending volatility forecasting to the green bond
market, and illuminating the underlying causes that cause vola-
tility in the green finance market. Global solar receives the most
considerable amount of spillovers from the renewable energy
sector (27.509%). The clean energy sector is the primary trans-
mitter of shocks to green bonds in the event of return transmis-
sion from renewable energy equities. So, the amount of shock
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OovX

Table 14 Ranking of Solactive

Green Bond Index forecasts Forecasting length = 80

given by ARFIMAX No predictor 6 12 7 17
GB 5 7 4 7
RE 4 4 4 5
ovx 5 3 117
SOE 13 13 12 12
Green 11 11 6 6
Ccvi 7 7 13 13

Forecasting length = 160
No predictor 6 8 7 6

GB 5 7 4 3
RE 4 7 5 5
ovX 6 4 11 11
SOE 13 13 12 12
Green 12 12 8 8
CVI 11 6 13 13

sent from green bonds to renewable energy stocks is less than
the amount transmitted from renewable energy stocks to green
bonds. Specifically, 39.795% of total solar GB and 34.212% of
wind OVX are communicated to other markets, while 56.577%
of clean energy’s GB is spilled to these other assets. Moreover,
several permutations have shown a greater return to volatil-
ity ratio than green bonds. We determine that VAR dynamic
portfolio weights heavily emphasize green bonds, whereas
VAR only vary by small margins. Lastly, we demonstrate that
the investment risk of all assets, except green bonds, has been
decreased in the multivariate portfolio setting. Our results sug-
gest that the SSM portfolio had the highest performance overall.
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The results of this study have significant policy ramifica-
tions for numerous green finance stakeholders. Policymakers
can use these insights to design and improve their initiatives
to advance sustainable development. The following are sig-
nificant policy ramifications:

Increasing the incorporation of green bonds and stocks of
renewable energy sources: Green bonds and renewable energy
stocks were found to have significant dynamic spillover
effects, which points to a close relationship between these two
elements of the green finance ecosystem. The combination
of green bond financing and stock investments in renewable
energy sources is something that policymakers can support
and facilitate. This can be done by enacting legislation that
offers incentives for renewable energy projects financed by
green bonds or by setting up unique trading and investment
platforms for green bonds and renewable energy stocks.

Strengthening the complementary relationship between
carbon markets and green bonds: The research points to
a positive relationship between carbon markets and green
bonds. Policymakers can take advantage of this relation-
ship by creating regulations that encourage the concurrent
use of green bonds and carbon markets. The effectiveness
of both instruments in promoting sustainable development
can be improved, for instance, by developing mechanisms
that enable green bond issuers to access carbon credits or by
offering incentives to investors to support green bonds linked
to carbon reduction projects.

Increasing investor awareness and education: The find-
ings of this study demonstrate the dynamics and interde-
pendence of the green finance ecosystem. Policymakers can
significantly aid the promotion of investor awareness and
education about these connections. This can be done by set-
ting up workshops, seminars, and educational campaigns
to inform investors about the risks and rewards associated
with investing in green bonds, renewable energy stocks, and
carbon markets. By increasing investor knowledge, policy-
makers can encourage more informed decision-making and
greater participation in green finance initiatives.

Promoting data transparency and standardized report-
ing: Given the study’s findings about the study’s complex
interdependencies, policymakers should stress the sig-
nificance of data transparency and standardized reporting
in the field of green finance. Increase transparency and
enable more precise risk and performance assessments
by establishing clear reporting guidelines and disclosure
requirements for green bond issuers, renewable energy
producers, and participants in carbon markets. To ensure
consistency and comparability across the industry, policy-
makers can also support the development of standardized
metrics and methodologies for measuring and reporting
the environmental impact of green finance projects.

International cooperation and knowledge exchange
should be encouraged because green finance operates

globally, allowing policymakers to benefit from best
practices and experiences. This can entail joint initiatives
to address global sustainability challenges, sharing of
research and data, and collaboration in developing regula-
tory frameworks. Policymakers can foster an environment
favorable to the successful implementation and global
scaling-up of green finance initiatives by encouraging col-
laboration and knowledge sharing.

Overall, the study’s policy implications highlight the
necessity of a thorough and well-rounded approach to green
finance. Policymakers can maximize the benefits of green
finance in advancing sustainable development goals by rec-
ognizing and taking advantage of the connections among
green bonds, renewable energy stocks, and carbon markets.

This investigation into the connections between renewable
energy stocks, carbon markets, and green bonds offers insight-
ful information. However, some restrictions must be under-
stood. Because the study only considered the period from
January 2010 to December 2020, it may need to reflect how
the green finance ecosystem changes over time adequately.
Although instructive, the modeling approach may need to be
more concise in how complex the relationships are. The study
also fails to establish a causal relationship, fails to account
for market-specific variables, and may not be broadly appli-
cable due to regional and contextual differences. Future
research should consider these limitations by incorporating
more recent data, considering external factors and systemic
risks, and examining causal relationships to provide a more
thorough understanding of the interconnections within green
finance. The results should be interpreted with caution.
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