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while causing an upsurge in India and Russia; (iii) green bonds reduce industrial sector
CO, emissions only in the US; (iv) green bonds have a declining influence in energy
sector CO, emissions at lower quantiles in India, China, and the US, whereas the impact
increases at higher quantiles; and (v) green bonds decrease residential sector CO, emis-
sions in the US, Russia, and Japan. The study revealed that green bonds help reduce
CO, emissions in the residential sector in various quantiles. Therefore, the US, Russia,
and Japan should raise household awareness of green energy utilization by promoting
them with green bonds. In addition, green bonds can effectively reduce transporta-
tion sector CO, emissions in China and the US. Therefore, the policymakers of the two
global powers should contribute to global CO, reduction by promoting green trans-
portation and clean energy transition in the transportation sector through green
bonds. Thus, green bonds can play an effective role in the fight against global warming.
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Introduction

Global policymakers expressed their concern about rising emissions at the COP27 Sum-
mit. The unsustainable usage of fossil fuel energy sources is the major reason behind the
global predicament. The incessant heating of these hydrocarbon-based energy sources
results in CO, emissions into the ambient atmosphere. Utilizing energy sources helps
to expand the range of economic activity in a country but affects the sanitary condi-
tions of the workforce and causes global warming through the emissions produced as a
byproduct.
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The International Energy Agency (IEA 2022) has stressed the need for a realignment
of global energy consumption and identified ways to finance this realignment. Upon
realizing the role of green and climate finance in rapid climate mitigation, policymakers
have unilaterally agreed to pay attention to it (Bolton et al. 2022). Achieving the objec-
tive of net zero emissions by 2050 requires appropriately allocating green funding. The
need for green finance (GF) is a gap identified in the COP27 discussions. This study aims
to develop a baseline framework for scaling up financial activities for carbon neutrality
targets.

A carbon peak indicates the point at which carbon emissions stop growing and their
reduction begins, while carbon neutrality refers to anthropogenic carbon emissions bal-
anced by anthropogenic removals over a certain period (Wei et al. 2022). Carbon neu-
trality is the state of achieving net zero emissions by balancing carbon emissions released
as a result of a country’s activities with carbon removal incentives (Chen et al. 2022).
Thus, carbon neutrality is when the amount of carbon released by society as a result of
activities is equal to the amount absorbed, which can be achieved through tree planting,
energy saving, and clean energy promotion (Zhao et al. 2022).

To be carbon neutral, policymakers need to ensure an upsurge in the share of non-
fossil energy, technological progress, carbon sequestration, and the promotion of green
markets (Liu et al. 2022). In this context, green bonds can play an effective role in
achieving carbon neutrality goals through green markets as they can provide incentives
for various sectors to reduce emissions (Kartal et al. 2024a). Using clean energy sources
is a tool for carbon reduction in the transportation sector. Supporting energy efficiency
technologies, disseminating energy conservation, and promoting renewable energy
sources for carbon reduction in the energy sector are important policy options. In the
industrial sector, carbon taxes and mandates to filter smokestacks can be part of green
practices. In the residential sector, training programs promote conscious and green con-
sumption, while energy conservation incentives can support carbon reduction.

GF, which is proxied by green bonds, can be an approach to reduce emissions, which
cause a high amount of pollution (Kartal et al. 2024b). Hence, this study explores the
impacts of green bonds on CO, in the top five CO,-emitting nations. These countries
have achieved higher per capita GDP growth rates, electricity consumption, and CO,
emissions than the global average (World Bank 2023). Figure 1 depicts the sectoral CO,
emissions of these countries. CO, emissions are concentrated in different sectors. For
example, in the US, CO, emissions from the transportation sector are the highest after
the power sector, while in China, the industrial sector is the second highest emitting sec-
tor. Thus, green bonds can have different impacts in different sectors.

Discussions at COP27 focused on criticizing the emissions levels of the top five
CO,-emitting countries. US climate envoy John Kerry criticized climate pressures
exerted by China and Russia (Milman 2022). Although Russia promised at the COP26
summit to take action to mitigate climate change, emissions have not declined as
expected (Rapoza 2021).

Japan has also repeatedly been criticized at the COP25 and COP26 summits for its
continued reliance on coal (Siripala 2021). Despite this criticism, Japan’s lack of ministe-
rial presence at the COP27 summit and its greenwashing behavior have received further
criticism (Mesmer 2022).
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Fig. 1 Sectoral CO, emissions of top five emitting countries Source: Carbonmonitor 2023

India has demonstrated a consistent performance commitment to address CO, emis-
sions. At the COP27 summit, India presented a strategic roadmap to achieve low emis-
sions in the long term (Ministry of Environment Forest and Climate Change 2022).
However, even after reducing emission intensity, overall emissions have not decreased as
expected (Friedlingstein et al. 2022).

The US has been criticized for arguing that its lack of bilateral climate cooperation
with China harms global climate cooperation (Blaine 2022). The ongoing ideological
division in the US Parliament over Joe Biden’s climate policies has weakened the US
position on global climate policy (Kennedy et al. 2022).

The overall policy void in the top five CO,-emitting countries calls for a review of their
existing energy and climate finance policies and the development of a revised policy
framework for reorienting their growth with lower emissions, which is the focus of this
study. The IPCC’s Sixth Assessment Report (2023) highlighted the “lack of finance as a
barrier to climate action” This report points out two things—(a) identifying a proper
financialization channel to reduce emissions and (b) avoiding misallocation issues.
Addressing these two issues requires financing low-emission development through GF
that simultaneously targets sectoral CO, emissions.

Adopting a sectoral approach to GF-based carbon reduction can solve the problem by
avoiding potential misallocations. This argument brings forth the research question of
the study as follows: “How can GF help achieve carbon neutrality by reducing sectoral
CO, emissions?”.

The treatment of CO, emissions at the sectoral level can be influenced by consider-
ing the impact of green bonds at different levels. The impact of green bonds on sectoral
emissions may be nonlinear. Moreover, each sector may require different green financ-
ing practices to achieve carbon neutrality. For example, the energy sector has a higher
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capacity from this perspective as renewable energy generation can be supported with
green financing. Green financing for energy use in the transportation sector can be
more challenging. This is because it is difficult to cut off the link between some modes of
transport and coal and oil. The conversion of the industrial sector is also somewhat diffi-
cult compared to the other sectors because continuity is important, requiring the use of
a certain amount of fossil fuels. Thus, achieving carbon neutrality in different sectors is a
difficult issue due to the nature of these sectors (Rehman Khan et al. 2023).

Developing a climate change policy focused on sectoral CO, emissions can help iden-
tify different opportunities for climate finance at different levels (Kou et al. 2023). Thus,
this study aims to uncover the impact of green bonds on sectoral CO, emissions. It uti-
lizes tail-dependent policy simulation by applying wavelet transform coherence (WTC),
quantile-on-quantile regression (QQR), and Granger causality in quantiles (GCQ)
approaches. The wavelet and quantile approaches used in this study will not only cap-
ture the implicit nonlinearity of the impacts but also reveal the tail dependence through
advanced modeling. Thus, the CO, mitigation impact of green bonds can be effectively
analyzed for different quantiles in different sectors. The results of the study can be uti-
lized to develop a tiered policy framework that aligns with the SDGs, which will enable
these countries to make progress toward achieving SDG 13 targets.

The rest of the paper is organized as follows: Sect. "Literature Review" presents the
literature review; Sect. "Methods" reports the empirical scheme; Sect. "Results” reveals
the nuances of the outcomes; and Sect. "Conclusion and Policy Implications" concludes.

Literature review

CO, reduction has become one of the greatest challenges to improving global environ-
mental quality (Kartal 2022; Kou et al. 2022). The Paris Agreement calls for immedi-
ate action to decrease global temperature rise and achieve carbon neutrality (Fareed and
Pata 2022). Hence, scholars have scrutinized the role of various factors that can con-
tribute to achieving carbon neutrality. Among these factors, GF has emerged as a new
instrument to stimulate progress toward the climate goals set in the famous Paris Agree-
ment; thus, regulations on financial instruments have been gradually enacted to stimu-
late environmental sustainability in various countries (Tolliver et al. 2020).

To finance environmentally friendly activities, GF offers low interest rates for compa-
nies that produce fewer carbon emissions (Aizawa and Yang 2010). Thus, green financing
diverts financial resources from polluting industries and firms to more technologically
efficient industries and firms (Ren et al. 2020). Due to the importance of GF, some stud-
ies have assessed its pro-environmental impacts.

Studying a panel of 66 countries, Tolliver et al. (2020) revealed that green bond pro-
ceeds are invested in green energy. This implies that GF plays a positive role in energy
transition, which can curb emissions. Similarly, Chang et al. (2022) used the QQR and
revealed asymmetries in the influence of GF on EF in the top 10 countries in green bond
investment. They found that GF enhances ecological quality in eight nations but not
in the remaining two. Using a generalized least squares test for data on Chinese prov-
inces, Zhou et al. (2020) illustrated the favorable impacts of GF. Umar and Safi (2023)
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investigated the Organization for Economic Co-operation and Development (OECD)
countries and found that GF and environmental innovation curb emissions (adjusted
emissions).

Khan et al. (2022) employed regression methods and revealed that GF impacts EF
mitigation in 26 Asian countries. Focusing on a panel of 46 countries, Al Mamun et al.
(2022) found that GF is negatively related to CO, mainly due to the favorable impacts
of green bonds on energy efficiency, pollution, and waste control. In addition, coun-
tries with higher levels of innovation and well-established credit markets tend to have a
stronger influence of GF on emissions reductions. Through cross-sectionally augmented
autoregressive distributed lag analysis, Sharif et al. (2022) revealed that GF and green
innovation limit the spread of emissions in G7 countries. Similarly, Ren et al. (2020)
found a correlation between GF and a reduction in China’s carbon intensity.

Wang et al. (2022) scrutinized the GF and ecological efficiency of regions using the
data envelopment analysis method for China. The estimates concluded that there are
some variations at the regional level. For example, GF and regional efficiency had a
U-shaped relationship in western and central regions but not in eastern regions. Never-
theless, GF and eco-efficiency exhibit a U-shaped relationship at the national level. Guo
et al. (2022) revealed that GF has a direct impact on carbon reduction in the Yangtze
River but no spillover impact in nearby regions.

Chen and Chen (2021) focused on China to explore the GF—-CO, emissions relation-
ship. The spatial panel models unveiled that GF is influential in reducing CO, emissions
and has certain spillover impacts in nearby areas, which also reduce emissions in such
areas. In addition, GF encourages environmental innovation and limits financial con-
straints. Adebayo and Kartal (2023) also determined the reducing impact of green bonds
on CO, emissions in the US by using the WLMC method.

Hammoudeh et al. (2020) found that green bonds do not Granger cause environmen-
tal and financial variables. However, there are causal impacts from financial variables
and emission allowance prices to green bonds. Li et al. (2021) used Chinese data from
1990 to 2020 and found no causality from GF to green energy investments, but green
energy investments were found to Granger cause GF. Wang et al. (2021) assessed the
impacts of GF and pollution on high-quality growth in various areas around the Yangtze
River. Based on the spatial Dubin model, they found considerable heterogeneity in the
direct impacts of GF on development. However, the spillover impacts of GF were not
found in any region.

Overall, the current literature contains several studies on GF and environmental vari-
ables. However, most of these studies focused heavily on national and regional data, and
the impact of GF on sectoral emissions has been overlooked. It is impossible to achieve
environmental sustainability and limit global temperature rise if countries that emit the
most CO, do not reduce their emissions. These studies have mainly examined OECD
countries as a whole, Chinese data, or leading countries in terms of green bonds. How-
ever, in examining the relationship between GF and CO, emissions, the studies have
not simultaneously focused on high CO, emitting countries and sectoral differences.
Therefore, this study evaluates this point as a literature gap and future research direc-
tion. Accordingly, the study investigates the relationship between GF and CO, emissions
at the sectoral level to contribute to the literature by filling the defined gap. In doing so,
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the study uses the S&P Green Bond Index (GBI) and applies novel approaches, which
allow researchers to account for heterogeneous and asymmetric impacts, as well as to
incorporate time-, frequency-, and quantile-based varying impact of variables. Thus,
this study adopts a comprehensive approach to examine the impacts of green bonds and
CO, emissions in leading CO,-emitting countries at the sectoral level by applying novel
approaches to daily high-frequency data. By following such an approach, the study pro-
vides policy insights by considering the sectoral impacts of green bonds across different
time points, frequencies, and quantiles, which will help countries become carbon neu-
tral by curbing sectoral CO, emissions.

Methods

Data

This study investigates the impacts of green bonds on sectoral emissions. The study con-
siders CO, emissions as an environmental indicator at the sectoral level. In this way, a
high frequency (i.e., daily) dataset can be used in the empirical analysis to identify the
most up-to-date developments by applying an econometric approach across various
times, frequencies, and quantiles. This approach is compatible with recent literature
(e.g., Kartal et al. 2024c).

The study uses daily data for both CO, emissions and green bonds from January 2,
2019 to December 30, 2022. Data for sectoral CO, emissions are obtained from Carbon-
monitor (2023), and data for the S&P GBI are gathered from Bloomberg (2023). Log dif-
ference series are used for the empirical investigation (Kartal and Depren 2023). Table 1

summarizes information on the variables.

Methods
The first step is to collect data on the sectoral CO, emissions of the top five CO,-emitting
countries and the S&P GBI. Second, the preliminary statistics are examined. Further,
the linearity properties are examined using the BDS test (Broock et al. 1996). Third,
the WTC approach is applied to investigate the impact of green bonds on sectoral CO,
emissions (Goupillaud et al. 1984). Fourth, the QQR approach is used to examine the
impact of green bonds on sectoral CO, emissions (Sim and Zhou 2015). Fifth, the GCQ
approach is used to investigate the causal impacts of green bonds on sectoral CO, emis-
sions based on the quantiles of the variables (Troster 2018). Lastly, the quantile regres-
sion (QR) approach is used for a robustness test (Koenker and Bassett 1978).
Comprehensive details on the aforementioned empirical approaches can be found
in the studies by Broock et al. (1996), Goupillaud et al. (1984), Sim and Zhou (2015),

Table 1 Description of the variables

Variable Explanation Unit Data source

TRA Transport sector CO, emissions Tons Carbonmonitor (2023)
IND Industry sector CO, emissions Tons

POW Power sector CO, emissions Tons

RES Residential sector CO, emissions Tons

GBI S&P green bond index Basis Point Bloomberg (2023)
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Troster (2018), and Koenker and Bassett (1978) for the BDS test and the WTC, QQR,
GCQ, and QR approaches.

WTC approach

A WTC approach is used to determine the correlation between a series and the direc-
tion of the relationship, allowing the simultaneous acquisition of the time and frequency
dimensions in the series. WTC removes noise from raw data and reveal correlation and
causality links by splitting different frequencies into time scales (Kassouri et al. 2022).
Goupillaud et al. (1984) suggested that WTC can accurately represent the covariance
between variables (Torrence and Webster 1999). The squared WTC coefficient can be
calculated as follows:

’C(f_l Way(m, n)) |2
C =YW (m, m) P)N(f W, (m, ) |*)

R*(m, n) =

(1)

where R? is the WTC coefficient (0 < R2(m,n) < 1); m denotes the location; n repre-
sents frequency; and C is the period and the smoothing process, with values ranging
from 0 < R%(m, n) < 1. If R*(m, n) approaches 1, it indicates the presence of a strong
correlation with the area bounded by a black circle in red. Conversely, if R?(m, 1) con-
verges to 0, the blue-colored area means that there is no relationship between the series
(Abban et al. 2022).

After measuring R?(m, n), the positive or negative interactions of the two-time series
can be described by the WTC phase approximation specified as follows:

(2)

_1 .
ﬂxy(m; n) = tan~t <L{S(f Wpl(mr }'1))} >

O{S(f~1W,;(m,n))}

where O denotes the actual part function. If the calculated value of x is O, the straight
arrow to the right indicates a positive relationship between the variables, whereas
a straight arrow to the left indicates a negative relationship. If the arrow points to the
upper right, there is a positive relationship between the two variables and X causes Y.

QQR approach
This study applies the QQR approach of Sim and Zhou (2015). The QQR approach is an
extension of the traditional QR approach. Koenker and Bassett (1978) developed the QR
approach by converting linear regression analysis into a median-based estimator. The QR
approach captures the time-varying levels of the dependent variable for different quan-
tiles, and compared with linear regression, quantile functions more accurately depict
the impacts of independent variables (Koenker and Bassett 1978). The QR approach
can provide information that goes beyond the median by recovering information in
the upper and lower tails. Unlike a standard regression, the QR approach accounts for
the impact of a variable on another through the different quantiles. However, the QR
approach is incomplete because it cannot fully capture the influences of the independent
variable (Gupta et al. 2018).

The QQR approach makes it possible to measure the quantile impact of a single inde-
pendent variable on the different quantiles of another dependent variable. Thus, the
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QQR approach tests the impacts of the 0.05 quantile of the GBI on 19 different CO,
quantiles ranging from 0.05 to 0.95. These procedures are repeated individually for all
quantiles of the GBI from 0.5 to 0.95. The QQR approach is defined as a combination of
QR and nonparametric estimation. Through this combination, the QQR approach allows
for a deeper and more detailed examination of the relationships between variables. A
QQR approach used to test the impact of green bonds on sectoral CO, emissions can be

expressed as follows:

CO,, = B°(GBIL;) + uy (3)

where CO, includes sectoral CO, emissions in ¢ period; GBI is the GBI; o denotes oth

quantile; u¢ is the quantile residual term; and 8¢ indicates an undefined function. For
the sectoral calculations, the QQR approach is applied, replacing the CO, series with
TRA, IND, POW, and RES.

GCQ approach
For quantile causality analysis, the following equation illustrates the null of no causality
from X to Y within t-quantile:

HEY QXX (v, 1f 1) = QY (vi. 1)), Vredo < v < 1 (4)

where QY'Y (Y;, I}, I)) is the t-quantile of F,(.\I}, [;X), which defines a conditional dis-
tribution function of Y;. In addition, (ItY ,ItX ) € R denotes the explanatory vector; V
means “for all”; and d represents a compact set.

The null and alternative hypotheses can be modified to define Q¥X (Y;1}) with a para-

metric quantile model (m (ItY, 6o(1)) as follows:

Hy 7Y D E{Q[Ys < m(1),00(0)) |11}, 1Y} =7 forallteT (5)
Hﬁ;{ume CE{1[Y; < m(ItY,Oo(t))] |IY,IZ(} #1 forsometeT (6)

The ST statistic recommended by Troster (2018) can be employed to investigate the
null of no causality as follows:

(7)

where T is the time; #n is the number of observations; W illustrates the TxT
matrix; and ¢/ represents the j-th column of the Tx»n matrix with the elements
@l = 1//rj(Yi — m(BI{I,GT (t]))) If the measured S, statistic is higher than the critical
values provided by Troster (2018), it implies that there is a causality running from X to Y’

in a certain quantile.

Results

Preliminary statistics

Table 2 presents the descriptive statistics of the variables. As presented, China has the
highest sectoral emissions. The standard deviation is also quite high for green bonds,
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Table 2 Descriptive statistics

Country Variable Mean Median Max  Min sD Skewness Kurtosis JB JB Prob
China TRA 243 252 267 080 025 =391 20.78 16,383.85 0.0000
IND 1160 1182 15.18 619 150 -1.28 539 530.75 0.0000
POW 1334 1310 19.09 880 208 050 282 44.00 0.0000
RES 2.21 1.83 5.05 132 094 079 2.21 13545 0.0000
USA TRA 4.36 441 5.65 168 041 =131 743 1,150.18  0.0000
IND 274 273 356 212 022 029 3.51 2588 0.0000
POW 4.36 418 6.65 256 086 039 2.24 51.20 0.0000
RES 1.58 1.29 4.67 059 092 077 248 11492 0.0000
India TRA 0.78 0.82 0.87 013 013 =306 11.86 5,032.60 0.0000
IND 2.02 2.08 249 063 029 —-265 12.16 4,861.01  0.0000
POW 345 344 444 231 043 =003 2.69 443 0.1092
RES 0.53 032 3.26 026 048 232 7.99 2,017.38 0.0000
Russia TRA 0.67 0.68 0.70 033 005 =359 1791 11,886.99 0.0000
IND 0.81 0.81 117 057 010 053 3.64 65.89 0.0000
POW 2.86 281 4.54 157 066 024 249 2136 0.0000
RES 048 045 123 010 029 029 1.81 76.29  0.0000
Japan TRA 0.49 049 0.53 020 003 —-472 3717 54,549.56  0.0000
IND 0.73 0.73 0.98 041 009 -035 3.88 55.25 0.0000
POW 1.46 143 222 072 025 013 2.72 6.12  0.0469
RES 030 0.22 0.80 011 019 063 1.96 11662 0.0000
GBI 14168 142.08 15899 10980 1188 —0.77 2.90 103.56  0.0000

Min, Minimum; Max, Maximum; SD, Standard Deviation; JB, Jarque-Bera

while the sectoral CO, emissions have a relatively low standard deviation. All variables
except for energy sector CO, emissions in India have a non-normal distribution.

Table 3 reports the linearity test results for the variables. As reported, except for
industrial CO, emissions in Russia, all variables have a nonlinear structure.

Overall, the variables have a non-normal and nonlinear properties. Therefore, nonlin-
ear approaches are the best econometric approach when these properties of the vari-
ables are considered.

WTC results

After reviewing the descriptive statistics of the dataset, the WTC approach is first imple-
mented to examine the time and frequency impacts of green bonds on sectoral CO,
emissions. This allows the changes in the impact of green bonds on CO, over different
periods and frequencies to be examined in detail.

In the WTC graphs, the influence area is depicted as a black cone, where a much
darker color presents a higher degree of dependence; short term ranges from 0 to 8;
medium term is from 9 to 32; long term is from 33 to 128 scale; very long term is from
129 to 256; low frequency ranges from 0 to 0.4; medium frequency is from 0.4 to 0.6; and
high frequency is from 0.6 to 1.0. In the WTC graphs, a positive correlation between var-
iables is depicted by right arrows, and a negative correlation is depicted by left arrows.
The causation of the first variable to the second is depicted by right-down and left-up
arrows. The causation of the second variable to the first variable is depicted by right-
up and left-down arrows. In all WTC graphs, the horizontal and vertical axes denote
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Table 3 Linearity test results

Country Variable Dimensions Decision
2 3 4 5

China TRA 0.0000 0.0000 0.0000 0.0000 Nonlinear
IND 0.0000 0.0000 0.0001 0.0001 Nonlinear
POW 0.0000 0.0000 0.0000 0.0000 Nonlinear
RES 0.0000 0.0000 0.0000 0.0000 Nonlinear

USA TRA 0.0000 0.0000 0.0000 0.0000 Nonlinear
IND 0.0000 0.0000 0.0000 0.0000 Nonlinear
POW 0.0005 0.0017 0.0055 0.0019 Nonlinear
RES 0.0000 0.0000 0.0000 0.0000 Nonlinear

India TRA 0.0000 0.0000 0.0000 0.0000 Nonlinear
IND 0.0000 0.0000 0.0000 0.0000 Nonlinear
POW 0.0000 0.0000 0.0000 0.0000 Nonlinear
RES 0.0000 0.0000 0.0000 0.0000 Nonlinear

Russia TRA 0.0000 0.0000 0.0000 0.0000 Nonlinear
IND 0.9148 0.8900 0.8736 0.8490 Linear
POW 0.0000 0.0000 0.0000 0.0000 Nonlinear
RES 0.0000 0.0000 0.0000 0.0000 Nonlinear

Japan TRA 0.0000 0.0000 0.0000 0.0000 Nonlinear
IND 0.0080 0.0036 0.0037 0.0069 Nonlinear
POW 0.0000 0.0000 0.0000 0.0000 Nonlinear
RES 0.0000 0.0000 0.0000 0.0000 Nonlinear
GBI 0.0000 0.0000 0.0000 0.0000 Nonlinear

Values indicate p-values

times and frequencies, respectively, and the first and second variables denote sectoral
CO, emissions and an index of green bonds, respectively. Figure 2 presents the impact of
green bonds on CO, emissions from the transport sector.

In China, green bonds reduced transportation CO, emissions at medium and high fre-
quencies from 2019/1 to 2020/12. In the US, green bonds had an increasing impact on
transportation CO, emissions at medium frequencies from 2019/9 to 2020/5. In India,
increasing transportation CO, emissions Granger caused green bonds at high frequen-
cies. Green bonds also had an increasing impact on transportation CO, emissions at
medium frequencies, while they had a decreasing impact around 2021/8 in India. In
Russia, green bonds mitigated transportation CO, at medium and higher frequencies
from 2019/9 to 2020/5. In Japan, green bonds had a decreasing impact on transportation
CO, emissions at medium frequencies around 2021/8. The WTC results revealed that
green bonds had a decreasing impact on transportation CO, emissions in China, the US,
and Japan, while they had an increasing impact in India and Russia. Figure 3 illustrates
the influence of green bonds on industrial CO, emissions.

Green bonds had a stimulative impact on industrial CO, at high frequencies in China
from 2019/1 to 2021/8. In the US, green bonds had an accelerating impact on indus-
trial CO, from 2019/9 to 2020/5. However, from 2022/4 to 2022/12, green bonds had a
declining impact on industrial CO, emissions at low and medium frequencies. In India,
a positive relationship was found between green bonds and industrial CO, emissions
from 2019/1 to 2020/5, while there was a negative relationship around 2021/10, 2021/12,
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Fig.2 WTC Results for GBIl impact on transport sector CO, emissions

and 2022/12. In the case of Russia, there was almost no significant relationship between
green bonds and industrial CO, emissions. In Japan, green bonds also had no impact on
industrial CO, emissions. In summary, green bonds had a declining impact on industrial
CO, emissions in the US and India at certain periods and frequencies, while they had
a stimulating impact in China and no impact in Russia and Japan. Figure 4 displays the

impact of green bonds on power sector CO, emissions.
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Fig. 3 WTC Results for GBI impact on industry sector CO, emissions

In China, at higher frequencies, green bonds were positively related to power sector
CO, emissions from 2019/1 to 2022/12, while at low frequencies, there was a negative
relationship from 2020/2 to 2022/1. The condition at high frequencies was also similar
in the US and Japan. In India, there was a negative relationship between green bonds
and the power sector’s CO, emissions at low and middle frequencies around 2020/5,
2020/12, 2022/1, and 2022/12. The condition at middle frequencies was similar in Russia.
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The WTC results imply that green bonds did not contribute to the reduction of power
sector CO, emissions in all countries. Finally, Fig. 5 depicts the impact of green bonds
on residential sector CO, emissions.

Green bonds have a significant impact on residential CO, emissions. In particu-
lar, residential CO, emissions positively lead to green bonds in China. The case of
India is also similar to China. Green bonds have a reducing impact on residential CO,
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Fig. 5 WTC Results for GBI impact on residential sector CO, emissions

emissions at different time points with low and medium frequencies in the US. This
condition also holds for Russia around 2022/7 at medium frequencies and 2019/9—
2021/8 at high frequencies. In Japan, green bonds have a declining impact on resi-
dential CO, emissions at low frequencies at different points in time. The WTC results

imply that green bonds contribute well to limiting residential CO, emissions in the

US, Russia, and Japan.
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QQRresults

Following the time- and frequency-based impact of green bonds on sectoral CO, emis-
sions using the WTC approach, the QQR approach is used to examine the impacts of
green bonds on sectoral CO, emissions at various quantiles. In the QQR graphs, the
x-axis denotes the independent variable (i.e., GBI) and the y-axis denotes the dependent
variables (i.e., sectoral CO, emissions). Each QQR graph depicts the impact of the inde-
pendent variable on the dependent variables at each quantile for both variables. Figure 6
depicts the effect of green bonds on transportation sector CO, emissions.

Regarding transportation CO, emissions, in China, green bonds have a decreasing
impact at higher quantiles (i.e., levels). Green bonds also have a dampening impact in
the US and Japan. Although green bonds are making progress, they have a stimulative
impact in both India and Russia. In summary, green bonds’ role in reducing transporta-
tion CO, emissions is beneficial to China, the US, and Japan, with the strongest restrain-
ing impact in the US, followed by Japan and China. The influence of green bonds on
industrial CO, is depicted in Fig. 7.

Regarding industrial CO, emissions, green bonds have an increasing impact in China,
Russia, and Japan, while they have almost no impact in India. In the US, green bonds
have a reducing impact at higher levels. Green bonds are beneficial for the US in limiting
industrial CO, emissions. The impact of green bonds on power sector CO, emissions is
depicted in Fig. 8.

Unlike other sectoral CO, emissions, green bonds have an increasing impact on power
sector CO, emissions in all countries. Therefore, green bonds do not have a significant
impact on limiting CO, emissions in the power sector. The impact of green bonds on
residential CO, emissions is depicted in Fig. 9.

Regarding residential CO, emissions, in China and India, green bonds have an increas-
ing impact at higher quantiles (i.e., levels). However, green bonds have a negative impact
on residential CO, emissions in the US, Russia, and Japan. Thus, green bonds are helpful
for the US, Russia, and Japan, and they have the highest decreasing impact on residential
CO, emissions in the US, followed by Russia and Japan.

GCQresults

After analyzing the impact of green bonds on sectoral CO, emissions, the GCQ
approach is performed to examine whether the impacts are at the causality level. In the
GCQ results, the causality impacts are investigated at each quantile of the variables. The
results of the causal impact of green bonds on sectoral CO, emissions are presented in
Table 4.

Green bonds cause transportation CO, in all countries at all quantiles, except at
some low quantiles (0.05) in Japan and middle quantiles (0.50-0.55) in China, the US,
and India. Green bonds cause industrial CO, emissions in all countries at all quantiles,
except for some lower quantiles (0.05) in India and Japan, middle quantiles (0.45-0.60)
in all countries, and higher quantiles (0.95) in the US. In addition, green bonds cause
power sector CO, emissions in all countries at all quantiles except for some lower quan-
tiles (0.05) in China and the US; middle quantiles (0.40—0.70) in the US, India, Russia,
and Japan; and higher quantiles (0.90-0.95) in the US and Japan.
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Green bonds also have a significant impact at the causal level on residential sector
CO, emissions in all countries at all quantiles, except some low quantiles (0.05) in the
US, India, and Japan; middle quantiles (0.45-0.50) in all countries; and higher quan-
tiles (0.95) in China, US, Russia, and Japan. Overall, green bonds have a significant
and causal impact on sectoral CO, emissions, with results varying by sector, country,

and quantile.
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Robustness check
The QR approach is performed to control the robustness of the QQR results. The
detailed comparison of these approaches is depicted in Figs. 10, 11, 12 and 13.

Therein, the x-axis denotes the quantiles, and the y-axis denotes the power of the
impact of the independent variable (i.e., GBI) on the dependent variables (i.e., sectoral
CO, emissions) for both the QQR and QR approaches. A summary of the robustness
check results is also presented in Table 5.
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The QQR results are almost identical to the QR approach, implying consistency and
confirming the robustness of the empirical results.

Conclusion and policy implications

Compatible with the increasing impacts of climate change on all countries and socie-
ties, the importance of GF has been increasing. Hence, this study investigated the impact
of GF, specifically green bonds, on the sectoral CO, emissions of the top five global
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emitters. The study employed daily data from January 2, 2019 through December 30,
2022 and performed WTC, QQR, and GCQ approaches.

The study demonstrated that there is a strong relationship between green bonds and
sectoral CO, emissions across time and frequencies. Further, green bonds decrease
CO, emissions from the transport sector in China, the US, and Japan, whereas it has
the opposite effect in India and Russia. Moreover, green bonds reduce CO, emissions
from the industrial sector only in the US. Moreover, at lower quantiles, green bonds
decrease CO, emissions from the energy sector in India, China, and the US, whereas the
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Fig. 10 QQR and QR comparison for GBIl impact on transport sector CO, emissions

impact increases at higher quantiles. Furthermore, green bonds reduce CO, emissions
from the residential sector in the US, Russia, and Japan. Overall, the empirical results
demonstrated that GF has multifaceted impacts on sectoral CO, emissions in different
countries. The results of the study are utilized below to develop a policy framework that
optimizes and streamlines the role of GF in carbon neutrality.

Policy framework

Influential development of a policy framework requires a phased approach to devel-
opment so that subsequent phases can build on the outcomes of the previous phase.
Economic growth in the selected countries is largely shaped by the structure of indus-
trial production. Reducing industrial CO, emissions requires a transformation of the
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Fig. 11 QQR and QR comparison for GBI impact on industry sector CO, emissions

industrial production process. GF can support this transformation. The major source of
CO, emissions in the industrial sector is fossil fuel-based production technologies. The
gradual replacement of these technologies will impact energy consumption and subse-
quent energy production patterns.

Technological shift in the production process can be initiated by transforming the
financing channels. Financial institutions should play the role of a catalyst in this trans-
formation by introducing the mechanism of the Pigouvian tax on the carbon footprint
of companies. The interest rate on financing channels, including loans and advances
requested by companies should be linked to their carbon footprint (i.e., companies with
higher carbon footprints should bear higher financing costs). Increasing operating costs
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Fig. 12 QQR and QR comparison for GBI impact on power sector CO, emissions

and decreasing price competitiveness will force companies to move away from dirtier
technologies to cleaner technologies.

Companies may also face higher financing costs (i.e., interest rates) on working capital
loans for environmentally damaging projects. The rising cost burden will push compa-
nies to refrain from causing negative environmental externalities through their opera-
tions and may gradually increase the scope for cleaner technologies and projects. In
addition to increasing cost burdens, financial institutions should support these compa-
nies in issuing green bonds to embrace environmentally friendly operational changes. As
these bonds are issued by companies to promote environmental protection, they provide
benefits in the form of tax rebates that reduce operating costs.
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Fig. 13 QQR and QR comparison for GBI impact on residential sector CO, emissions
Table 5 Comparison summary of QQR and QR results
Country TRA & GBI IND & GBI POW & GBI RES & GBI
China 99.96 99.98 99.99 99.99
USA 99.99 99.99 99.99 99.99
India 99.99 99.99 99.99 99.99
Russia 99.99 99.99 99.97 99.99

Japan 99.99 99.99 99.99 99.99
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Before the initiation of the second stage of the policy context, the domestic mar-
ket will gradually be characterized by the rising demand for cleaner energy solutions.
This will lead financial institutions to demand higher interest rates on loans and cred-
its from producers of fossil fuel-based energy solutions. It will become more expensive
for companies to maintain their operations, and the rise in operating costs will gradu-
ally be reflected in energy prices. This will augment the demand for clean energy solu-
tions due to the substitution impact. Transformations in energy generation patterns can
have a waterfall impact on the transportation sector as fossil fuel-based energy solu-
tions become more expensive and their supply shrinks. As operating costs rise due to
increases in fuel prices, transportation companies will need to invest in vehicles that run
on clean energy. These companies can issue green bonds to invest in new vehicles while
applying for loans and advances at lower interest rates tied to carbon footprints.

Households may not benefit directly from green bonds in terms of their green pur-
chasing or consumption behavior. They will certainly have benefits in the form of tax
advantages for their green bond investments, but the environmental impacts of their
behavior may be marginal or insignificant. Industrial sector products may be affordable
to high-income or upper-middle-income households, but the issue is whether they will
be affordable to lower-middle and lower-income households. As the latter make up a
large portion of consumers, the role of public sector companies is critical. Public sector
companies can introduce low-cost green products for these households, and special low-
cost green bonds can be issued to finance these projects.

Following the principle of circular income distribution in a two-sector model, consum-
ers from two income segments will finance the production of these products, receive tax
benefits, and use them themselves. This will help reduce household CO, emissions at
the consumer level. Moreover, real estate projects that aim to develop green buildings,
energy-efficient buildings, and cool rooftops can issue green bonds to fund these pro-
jects. Financial institutions can charge higher interest rates for projects that have space
heating issues or do not comply with green building codes, thereby reducing demand for
such projects. This will help reduce household CO, emissions at the construction level.

These three phases of the policy framework are focused on reducing CO, emissions at
the sectoral level. Effective channeling of GF will enable the top five CO,-emitting coun-
tries to make steady progress toward achieving SDG 13.

Policy caveats

As attracting investments through green bonds is expected to have a significant impact
on the ESG performance of companies, the possibility of greenwashing behavior cannot
be ruled out. In addition, measuring the actual environmental impact of green bonds
is necessary to decide on the tax benefits and credits granted to companies. Moreover,
the rising demand for green bonds will inevitably increase supply, so the acquisition
cost of these bonds should decrease as the supply increases. The price of these bonds
must reflect the economies of scale achieved by them. This will encourage more retail
investors to invest in these bonds. In this way, the respective governments can reach the
predetermined threshold for total investment in these green bonds to achieve carbon
neutrality.
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The social impact of green bonds must also be considered. Diversification toward
green and clean energy sources can put demand pressure on traditional power gen-
eration companies. This negative demand pressure can lead to an increase in unem-
ployment in the sector. This increase in unemployment can lead to a social imbalance,
which can hinder the implementation of the policy framework. Therefore, policy-
makers need to address the reintegration of the unemployed by providing them with
training and development opportunities so that they can be employed in other emerg-
ing sectors of the economy.

Future directions

The study considered only (i) the top five CO,-emitting countries as a research con-
text and (ii) green bonds as a measure of GF. A broader research context and the
choice of other alternative green financing channels can provide additional insights
for policy design in future studies. In addition, researchers can use Fourier transforms
to examine the relationship between green bonds and environmental degradation,
considering structural breaks. A final suggestion is that the impacts of green bonds
on air, water, and soil pollution can be analyzed by focusing on the ecological foot-
print and load capacity factor. In this way, the GF literature can provide more detailed
information about the environmental impacts of green bonds.

Abbreviations

BDS Broock, scheinkman, dechert, and lebaron
CcOo, Carbon dioxide

Ccop Conference of parties

CS-ARDL  Cross-sectional ARDL

EF Ecological footprint

GBI Green bond index

GCQ Granger causality-in-quantiles
GDP Gross domestic product

GF Green finance

IEA International energy agency

QAR Quantile autoregressive approach
QQR Quantile-on-quantile regression
QR Quantile regression

SDG Sustainable development goal
UN United nations

WTC Wavelet coherence

Acknowledgements
Not applicable.

Author contributions

UKP: Conceptualization, Writing—original draft, Writing—review & editing; MTK: Conceptualization, Investigation, Meth-
odology, Formal analysis, Methodology, Software Data Collection, Writing—original draft, Writing—review & editing; ZA:
Writing—original draft; AS: Writing—original draft.

Funding
This research did not receive any specific grant from funding agencies in the public, commercial, or not-for-profit sectors.

Availability of data and materials
Data will be made available on request.

Declarations

Competing interests
The authors declare that they have no competing interests.

Page 26 of 28



Pata et al. Financial Innovation (2025) 11:10 Page 27 of 28

Author details

'Department of Economics, Hatay Mustafa Kemal University, Hatay, Tirkiye. 2Department of Economics, Recep Tayyip
Erdogan University, Rize, Tiirkiye. *Department of Economics, Korea University, Seoul, South Korea. “Clinic of Econom-
ics, Azerbaijan State University of Economics (UNEC), Baku, Azerbaijan. 5Advance Research Centre, European University
of Lefke, Lefke, Northern Cyprus, TR-10 Mersin, Turkiye. °Department of Finance and Banking, European University

of Lefke, Lefke, Northern Cyprus, TR-10 Mersin, Turkiye. ’GUST Center for Sustainable Development, Gulf University

for Science and Technology, Hawally, Kuwait. ®Research Center for Sustainable Economic Development, Khazar Univer-
sity, Baku, Azerbaijan. 9Department of Business Administration, Faculty of Economics, Administrative and Social Sciences,
Bahcesehir Cyprus University, Nicosia, Turkiye. '°Department of Green Economics, Tashkent State University of Econom-
ics, Tashkent, Uzbekistan. HDepartmem‘[ of Business Administration, Faculty of Management Sciences, ILMA University,
Karachi, Pakistan. '?Department of Economics, Western Caspian University, Baku, Azerbaijan. '*HeXie Management
Research Centre, Xi'an Jiaotong-Liverpool University, Suzhou, China.

Received: 24 May 2023 Accepted: 11 November 2024
Published online: 03 January 2025

References

Abban OJ, Hongxing Y, Nuta AC, Dankyi AB, Ofori C, Cobbinah J (2022) Renewable energy, economic growth, and CO,
emissions contained Co-movement in African oil-producing countries: a wavelet based analysis. Energy Strateg Rev
44:100977

Adebayo TS, Kartal MT (2023) Effect of green bonds, oil prices, and COVID-19 on industrial CO, emissions in the USA:
evidence from novel wavelet local multiple correlation approach. Energ Environ. https://doi.org/10.1177/09583
05X231167463

Aizawa M, Yang C (2010) Green credit, green stimulus, green revolution? China’s mobilization of banks for environmental
cleanup. J Environ Dev 19:119-144

Al Mamun M, Boubaker S, Nguyen DK (2022) Green finance and decarbonization: evidence from around the world.
Financ Res Lett 46:102807

Blaine T (2022) Four takeaways from the COP27 climate conference. https://www.usip.org/publications/2022/11/four-
takeaways-cop27-climate-conference, Accessed on 31 March 2023.

Bloomberg (2023) Bloomberg Data Terminal, Accessed on 20 March 2023

Bolton P, Kleinnijenhuis A, Adrian T (2022) COP27: climate finance for developing countries is not just equitable, it is self-
interest. https://cepr.org/voxeu/coliumns/cop27-climate-finance-developing-countries-not-just-equitable-it-self-
interest, Accessed on 31 March 2023.

Broock WA, Scheinkman JA, Dechert WD, LeBaron B (1996) A test for independence based on the correlation dimension.
Economet Rev 15(3):197-235

Carbonmonitor (2023) Energy data. https://carbonmonitor.org, Accessed on 20 March 2023

Chang L, Taghizadeh-Hesary F, Chen H, Mohsin M (2022) Do green bonds have environmental benefits? Energ Econ
115:106356

Chen X, Chen Z (2021) Can green finance development reduce carbon emissions? Empirical evidence from 30 Chinese
provinces. Sustainability 13:1-18

Chen L, Msigwa G, Yang M, Osman Al, Fawzy S, Rooney DW, Yap PS (2022) Strategies to achieve a carbon neutral society:
a review. Environ Chem Lett 20(4):2277-2310

Fareed Z, Pata UK (2022) Renewable, non-renewable energy consumption and income in top ten renewable energy-
consuming countries: advanced Fourier based panel data approaches. Renew Energ 194:805-821

Friedlingstein P, O'sullivan M, Jones MW, Andrew RM, Gregor L, Hauck J, Le Quéré C, Luijkx IT, Olsen A, Peters GP (2022)
Global carbon budget 2022. Earth Syst Sci Data 14:4811-4900

Goupillaud P, Grossmann A, Morlet J (1984) Cycle-octave and related transforms in seismic signal analysis. Geoexplora-
tion 23(1):85-102

Guo CQ, Wang X, Cao DD, Hou YG (2022) The impact of green finance on carbon emission-analysis based on mediation
effect and spatial effect. Front Environ Sci 10:1-17

Gupta R, Pierdzioch C, Selmi R, Wohar ME (2018) Does partisan conflict predict a reduction in US stock market (realized)
volatility? Evidence from a quantile-on-quantile regression model. N Am J Econ Finance 43:87-96

Hammoudeh S, Ajmi AN, Mokni K (2020) Relationship between green bonds and financial and environmental variables:
novel time-varying causality. Energ Econ 92:104941

IEA (2022) World Energy Outlook 2022. https://iea.blob.core.windows.net/assets/830fe099-5530-48f2-a7c1-11f35d5109
83/WorldEnergyOutlook2022.pdf, Accessed on 31 October 2023.

IPCC,, 2023. IPCC Sixth Assessment Report (AR6). https://www.ipcc.ch/report/sixth-assessment-report-cycle, Accessed on
31 March 2023.

Kartal MT (2022) The role of consumption of energy, fossil sources, nuclear energy, and renewable energy on environ-
mental degradation in top-five carbon producing countries. Renew Energ 184:871-880

Kartal MT, Depren O (2023) Asymmetric relationship between global and national factors and domestic food prices:
evidence from Turkey with novel nonlinear approaches. Financ Innov 9(1):11

Kartal MT, Taskin D, Kilic Depren S (2024a) Dynamic relationship between green bonds, energy prices, geopolitical risk,
and disaggregated level CO, emissions: evidence from the globe by novel WLMC approach. Air Qual Atmos Hlth.
https://doi.org/10.1007/511869-024-01544-z

Kartal MT, Pata UK, Magazzino C (2024b) Effectiveness of green bonds on carbon neutrality and clean electricity genera-
tion: comprehensive evidence from the leading emitting country by disaggregated level analysis. Energy Strateg
Rev 53:101374

%)


https://doi.org/10.1177/0958305X231167463
https://doi.org/10.1177/0958305X231167463
https://www.usip.org/publications/2022/11/four-takeaways-cop27-climate-conference
https://www.usip.org/publications/2022/11/four-takeaways-cop27-climate-conference
https://cepr.org/voxeu/colıumns/cop27-climate-finance-developing-countries-not-just-equitable-it-self-interest
https://cepr.org/voxeu/colıumns/cop27-climate-finance-developing-countries-not-just-equitable-it-self-interest
https://carbonmonitor.org
https://iea.blob.core.windows.net/assets/830fe099-5530-48f2-a7c1-11f35d510983/WorldEnergyOutlook2022.pdf
https://iea.blob.core.windows.net/assets/830fe099-5530-48f2-a7c1-11f35d510983/WorldEnergyOutlook2022.pdf
https://www.ipcc.ch/report/sixth-assessment-report-cycle
https://doi.org/10.1007/s11869-024-01544-z

Pata et al. Financial Innovation (2025) 11:10 Page 28 of 28

Kartal MT, Pata UK, Alola AA (2024c) Renewable electricity generation and carbon emissions in leading European coun-
tries: daily-based disaggregate evidence by nonlinear approaches. Energy Strateg Rev 51:101300

Kassouri Y, Bilgili F, Kuskaya S (2022) A wavelet-based model of world oil shocks interaction with CO, emissions in the US.
Environ Sci Policy 127:280-292

Kennedy B, Tyson A, Funk C (2022) Americans divided over direction of biden'’s climate change policies. Pew Res Cent
https://www.pewresearch.org/science/2022/07/14/americans-divided-over-direction-of-bidens-climate-change-
policies, Accessed on 31 March 2023

Khan MA, Riaz H, Ahmed M, Saeed A (2022) Does green finance really deliver what is expected? An empirical perspective.
Borsa Istanb Rev 22:586-593

Koenker R, Bassett G (1978) Regression quantiles. Econometrica 46(1):33-50

Kou G, Yuksel S, Dinger H (2022) Inventive problem-solving map of innovative carbon emission strategies for solar
energy-based transportation investment projects. Appl Energ 311:118680

Kou G, Pamucar D, Dinger H, Yuksel S (2023) From risks to rewards: A comprehensive guide to sustainable investment
decisions in renewable energy using a hybrid facial expression-based fuzzy decision-making approach. Appl Soft
Comp 142:110365

Li M, Hamawandy NM, Wahid F, Rjoub H, Bao Z (2021) Renewable energy resources investment and green finance:
evidence from China. Resour Policy 74:102402

Liu Z, Deng Z, He G, Wang H, Zhang X, Lin J, Qi Y, Liang X (2022) Challenges and opportunities for carbon neutrality in
China. Nat Rev Earth Environ 3(2):141-155

Mesmer P (2022) COP27: Japan awarded “Fossil of the Day,"again, for its lack of involvement on climate. https.//www.
lemonde.fr/en/environment/article/2022/11/14/cop27-japan-awarded-fossil-of-the-day-again-for-its-lack-of-invol
vement-on-climate_6004179_114.html, Accessed on 31 March 2023

Milman O (2022) US receives stinging criticism at COP27 despite China’s growing emissions. Guard. https://www.thegu
ardian.com/environment/2022/nov/22/cop27-us-stinging-criticism-china-emissions, Accessed on 31 March 2023.

Ministry of environment forest and climate change (2022) India submits its long-term low emission development strat-
egy to UNFCCC. https://pib.gov.in/PressReleasePage.aspx?PRID=1875816, Accessed on 31 March 2023.

Rapoza K (2021) Putin skipped the COP26 climate talks. Why Russia’s Biggest Industries Decided To Go. Forbes. https://
www.forbes.com/sites/kenrapoza/2021/12/15/putin-skipped-the-cop26-climate-talks-why-russias-biggest-indus
tries-decided-to-go, Accessed on 31 March 2023.

Rehman Khan SA, Yu Z, Ridwan IL, Irshad R, Ponce P, Tanveer M (2023) Energy efficiency, carbon neutrality and techno-
logical innovation: a strategic move towards green economy. Econ Res-Ekon Istraz 36(2):2140306

Ren X, Shao Q, Zhong R (2020) Nexus between green finance, non-fossil energy use, and carbon intensity: empirical
evidence from china based on a vector error correction model. J Clean Prod 277:122844

Sharif A, Sagib N, Dong K, Khan SAR (2022) Nexus between green technology innovation, green financing, and CO, emis-
sions in the G7 countries: The moderating role of social globalisation. Sustain Dev 30:1934-1946

Sim N, Zhou H (2015) Qil prices, US stock return, and the dependence between their quantiles. J Bank Financ 55:1-8

Siripala T (2021) Japan pledges support for asia-wide decarbonization. https://thediplomat.com/2021/11/japan-pledges-
support-for-asia-wide-decarbonization, Accessed on 31 March 2023

Tolliver C, Keeley AR, Managi S (2020) Policy targets behind green bonds for renewable energy: do climate commitments
matter? Technol Forecast Soc 157:120051

Torrence C, Webster PJ (1999) Interdecadal changes in the ENSO-monsoon system. J Climate 12(8):2679-2690

Troster V (2018) Testing for granger-causality in quantiles. Economet Rev 37(8):850-866

Umar M, Safi A (2023) Do green finance and innovation matter for environmental protection? A case of OECD econo-
mies. Energ Econ 119:106560

Wang F, Wang R, He Z (2021) The impact of environmental pollution and green finance on the high-quality development
of energy based on spatial Dubin model. Resour Policy 74:102451

Wang R, Zhao X, Zhang L (2022) Research on the impact of green finance and abundance of natural resources on China'’s
regional eco-efficiency. Resour Policy 76:102579

Wei YM, Chen K, Kang JN, Chen W, Wang XY, Zhang X (2022) Policy and management of carbon peaking and carbon
neutrality: A literature review. Engineering 14:52-63

World Bank (2023) World development indicators. https://data.worldbank.org/indicator, Accessed on 31 March 2023

Zhao X, Ma X, Chen B, Shang Y, Song M (2022) Challenges toward carbon neutrality in China: Strategies and counter-
measures. Resour Conserv Recycl 176:105959

Zhou X, Tang X, Zhang R (2020) Impact of green finance on economic development and environmental quality: a study
based on provincial panel data from China. Environ Sci Pollut R 27:19915-19932

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.


https://www.pewresearch.org/science/2022/07/14/americans-divided-over-direction-of-bidens-climate-change-policies
https://www.pewresearch.org/science/2022/07/14/americans-divided-over-direction-of-bidens-climate-change-policies
https://www.lemonde.fr/en/environment/article/2022/11/14/cop27-japan-awarded-fossil-of-the-day-again-for-its-lack-of-involvement-on-climate_6004179_114.html
https://www.lemonde.fr/en/environment/article/2022/11/14/cop27-japan-awarded-fossil-of-the-day-again-for-its-lack-of-involvement-on-climate_6004179_114.html
https://www.lemonde.fr/en/environment/article/2022/11/14/cop27-japan-awarded-fossil-of-the-day-again-for-its-lack-of-involvement-on-climate_6004179_114.html
https://www.theguardian.com/environment/2022/nov/22/cop27-us-stinging-criticism-china-emissions
https://www.theguardian.com/environment/2022/nov/22/cop27-us-stinging-criticism-china-emissions
https://pib.gov.in/PressReleasePage.aspx?PRID=1875816
https://www.forbes.com/sites/kenrapoza/2021/12/15/putin-skipped-the-cop26-climate-talks-why-russias-biggest-industries-decided-to-go
https://www.forbes.com/sites/kenrapoza/2021/12/15/putin-skipped-the-cop26-climate-talks-why-russias-biggest-industries-decided-to-go
https://www.forbes.com/sites/kenrapoza/2021/12/15/putin-skipped-the-cop26-climate-talks-why-russias-biggest-industries-decided-to-go
https://thediplomat.com/2021/11/japan-pledges-support-for-asia-wide-decarbonization
https://thediplomat.com/2021/11/japan-pledges-support-for-asia-wide-decarbonization
https://data.worldbank.org/indicator

	Relationship between green bonds and carbon neutrality: evidence from top five emitting countries’ sectoral CO2 emissions
	Abstract 
	Introduction
	Literature review
	Methods
	Data
	Methods
	WTC approach
	QQR approach
	GCQ approach


	Results
	Preliminary statistics
	WTC results
	QQR results
	GCQ results
	Robustness check

	Conclusion and policy implications
	Policy framework
	Policy caveats
	Future directions

	Acknowledgements
	References


