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Abstract

This study investigates the asymmetric effects of economic policy uncertainty (EPU), geopolitical risk
(GPR), and liquefied natural gas (LNG) prices on green bond returns in China from August 2012 to July
2022. Using quantile-on-quantile regression (QQR), quantile Granger causality, and wavelet coherence
analysis, we examine the relationships between these factors and green bond prices across different
quantiles. Our findings reveal significant asymmetric impacts of EPU, GPR, and LNG prices on Chinese
green bond returns. Specifically, EPU, geopolitical threats (GPRT) and LNG prices show strong positive
effects on green bonds across most quantiles and frequencies. In contrast, geopolitical acts (GPRA)
generally exhibit negative relationships with green bond returns. The quantile Granger causality
tests confirm bidirectional relationships between the variables across multiple quantiles. The wavelet
coherence analysis demonstrates time-varying co-movements between the factors and green bond
prices, with stronger correlations observed in recent years, particularly at medium to high frequencies.
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The results show that green bonds can be used as an effective hedge against economic uncertainty
and geopolitical risks. At the same time, the findings have important implications for investors,
policymakers, and market participants to develop effective risk management strategies and promote
sustainable finance in the face of global economic and geopolitical challenges.

Keywords: Economic policy uncertainty, geopolitical risks, green bond returns, quantile-on-quantile,
wavelet analysis

JEL Classification: F51, Q54, G12, C58

1. Introduction

The financial sector has increasingly explored ways to leverage financial instruments to pro-
mote the United Nations Sustainable Development Goals (SDGs), reflecting growing glob-
al concerns about climate change and sustainable production and consumption patterns.
In this context, green bonds have emerged as a novel and potentially efficient means of fi-
nancing sustainable development initiatives (Monasterolo and Raberto, 2018; Akhtaruz-
zaman et al., 2022). Developed in response to climate change challenges and the pressing
need for environmental sustainability, these bonds are specifically designed to fund projects
with environmental benefits, ensuring that the capital raised is exclusively allocated to con-
servation and sustainability efforts (Tolliver et al., 2020). Green bonds not only contribute
to the promotion of a low-carbon economy and sustainable development but also offer in-
vestors a sustainable, long-term investment option (Bhutta et al., 2022). Consequently, green
bonds have become a focal point of research for numerous scholars and investors. The rapid
development of this market is evidenced by global green bond issuance surpassing USD 2
trillion by the third quarter of 2022, according to a report from the Climate Bonds Initiative.

The recent COVID-19 pandemic, coupled with the frequency of significant geopoliti-
cal events worldwide, such as the Russia-Ukraine conflict, has exacerbated economic pol-
icy uncertainty and geopolitical risk. Meanwhile, as a key energy commodity, the price
fluctuations of natural gas are directly affected by geopolitical events. As a financing tool
to support low-carbon transition, the price of green bonds may be affected asymmetrically
by the above factors, that is, under different market conditions, the direction or intensity
of the influence is different. Several studies have investigated the impact of various uncer-
tainty factors on green bond returns. Agoraki et al., (2022) believed that GPR has a signif-
icant negative effect on stock market returns, while EPU has a weak negative effect. Given
the distinctions between green bonds and conventional bonds, Sheenan (2023) analyzed
the relationship between these two types of bonds and geopolitical risks. The research re-

sults indicate that geopolitical risk exerts a more pronounced influence on green bonds
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in the context of heightened uncertainty, whereas its effect on traditional bond markets is
negligible. Pham and Nguyen (2022) expanded the research on the relationship between
uncertainty and green bonds by examining the effects of oil price fluctuations and stock
price variations on green bonds. They noted that the connectivity between uncertainty and
green bonds exhibits temporal variability, becoming more pronounced during periods char-
acterized by elevated uncertainty. Conversely, in conditions of low uncertainty, the impact
of uncertainty on the green bonds is minimal. Consequently, studying the impact of uncer-
tainty factors on green bonds is essential. Additionally, although natural gas is a fossil en-
ergy source, it is often considered a “transition fuel” from high-carbon energy sources such
as coal to low-carbon or renewable energy sources. In the energy transition, it plays a cru-
cial role in reducing greenhouse gas emissions (Wang et al., 2022). This is consistent with
the idea that green bonds support projects that contribute to environmental benefits and
sustainable development. Meanwhile, the volatility of LNG in the face of geopolitical pres-
sures often prompts investors to hedge their risks by diversifying into green assets, which
can provide diversified returns for investors. Therefore, considering LNG’s role as a transi-
tion fuel and its contribution to diversification and risk management, it makes sense to in-

clude it in the green bond analysis.

In an era of energy transition and escalating global tensions, there is a growing demand
for sustainable livelihoods. The 28th United Nations Climate Change Conference emphasized
the urgent need to boost climate finance for developing nations and increase investments
in climate adaptation strategies. These developments further highlight the significant role
of green bonds in addressing the climate crisis (Gok et al., 2025). China, as the largest de-
veloping country, has been actively involved in the issuance of green bonds and has become
the second-largest issuer of green bonds in the world. According to an announcement by
the China Banking Association, the balance of green credit within banking financial insti-
tutions was recorded at 6.14 trillion yuan at the conclusion of 2012. By 2022, this balance
had increased to 3.6 times its original value. Meanwhile, China has been actively developing
a green economy in recent years. This includes establishing a green bond certification sys-
tem and expanding the coordination mechanism of the green bond market. A series of fa-
vorable policies have attracted more investors and issuers to pay attention to China’s green
bond market. Therefore, it is necessary to examine the risk resistance of China’s green bond
market. This will help us analyze the impact of uncertainty and natural gas prices on green

bond returns and provide useful recommendations for investors and policymakers.

As a financing tool for climate adaptation projects, it is of great significance to explore
the dynamic interaction between green bonds and EPU, GPR, and LNG. First of all, EPU affects
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the energy and green bond markets through changes in economic policies set by govern-
ments. Higher EPU may weaken investors’ confidence in investing in long-term sustainable
projects. Second, GPR may amplify the impact of uncertainty by introducing shocks such
as trade sanctions, regional conflicts, and so on, which in turn affects investor sentiment (Y.
Wang et al,, 2022). The intensification of GPR conflicts may, to some extent, lead to a shift
of capital to safe-haven assets and shelving of green investments in the short term. However,
in the case of LNG, policy unpredictability could disrupt its supply stability and cause price
volatility. Then escalating GPR and EPU may also accelerate the demand for green bonds
as countries prioritize energy independence and reducing carbon emissions in response
to the climate crisis. Therefore, this paper aims to analyze how uncertainty affects green
bond returns and provide some insights to optimize portfolio resilience (Akhtaruzzaman
etal., 2023).

Currently, several studies have initiated preliminary investigations into China’s green
bond market. For instance, Zhang et al., (2025) constructed the China GPR index, distin-
guishing between geopolitical behaviors and threats. They found that geopolitical threats
are better predictors of trading stock returns, which may further affect the returns of green
bonds. Lee et al., (2022) found through empirical research on factors affecting Chinese green
bonds that the oil crisis is negatively correlated with green bond returns. Tian et al., (2022)
through their research that the green bond markets in the United States, China, and Eu-
rope display distinct characteristics when confronted with uncertainty. In the short run,
only China’s green bond market has experienced an asymmetric effect due to this uncertain-
ty. In the long run, the US green bond market exhibits broader asymmetries that resemble
those of Europe. Therefore, it is important to analyze the unique changes in China’s green

bond market subject to uncertainties.

The contributions of this research are four-fold. First, we extend the current literature
on the rapidly expanding green bond market, particularly in the context of China, which has
emerged as the second-largest issuer of green bonds globally. Given the critical role of green
bonds in financing sustainable development, our findings provide valuable insights for pro-
moting sustainability and green growth. Second, we place significant emphasis on the role
of geopolitical risks, distinguishing between geopolitical threats (GPRT) and geopolitical
acts (GPRA). While the relationship between geopolitical risks and financial markets has
been explored, the specific impact on green bonds remains underexamined. Our study pro-
vides new evidence on how geopolitical risks asymmetrically affect green bond returns.
Thirdly, Fourth, we address the nonlinear dynamics inherent in financial markets by em-

ploying advanced quantile-based methods, including Quantile-on-Quantile Regression
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(QQR), Quantile Granger causality, and wavelet coherence analysis. These techniques allow
us to explore the asymmetric and time-varying relationships between EPU, GPR, LNG prices,
and green bond returns across different market states and risk exposures. Finally, our study
provides practical implications for policymakers and investors. By demonstrating the resil-
ience of green bonds as a hedge against economic and geopolitical uncertainties, we offer ac-
tionable insights for optimizing investment strategies and policy frameworks. This research
not only advances the academic understanding of green bond markets but also contributes
to the broader discourse on sustainable finance, highlighting the importance of green bonds

in achieving long-term environmental and economic goals.

The subsequent chapters of this study are arranged as follows. Section 2 reviews
the relevant literature. Section 3 outlines the data utilized in this study and the methodolo-
gy employed. Section 4 explains a discussion and analysis of the empirical results. Section 5

provides important conclusions.

2. Literature Review and Research Hypothesis

Research suggests that one of the most notable developments in financial markets in recent
years has been the rise of green bonds. Investment in these financial instruments not only
contributes to environmental sustainability but also has the potential to enhance returns
on investment (Maltais and Nykvist, 2020). By issuing green bonds, investors can create
diversified portfolios that can not only stabilize assets in response to short-term shocks and
economic volatility but also protect the environment and increase financial returns (Huynh
etal., 2020). Since the introduction of green bonds, their market share has expanded signifi-
cantly and received widespread attention. Therefore, the ongoing empirical investigation

into the factors that influence green bonds is of utmost importance.

2.1. Green bond and economic policy uncertainty

It is evident that green bond prices are easily influenced significantly by macroeconomic
indicators, such as geopolitical risk and economic policy uncertainty, among other factors
(Broadstock and Cheng, 2019). The Economic Policy Uncertainty was initially introduced
by Baker in the US, utilizing data derived from local newspapers, it is extensively employed
as an indicator for depicting macroeconomic uncertainty in subsequent economic research.
Subsequently, Huang & Luk, (2020) employed a similar approach by utilizing data derived
from Chinese newspapers to compile a monthly Index of Economic Policy Uncertainty in Chi-
na. Y. Zhang et al. (2023) conducted an analysis of both symmetric and asymmetric relation-
ships among the BRICS economies utilizing panel ARDL and NARDL models. Their findings
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suggest that EPU leads BRICS countries to raise the consumption of internal resources. Spe-
cifically, the governments in these countries tend to utilize substantial natural resources
to foster economic development and meet societal needs, which consequently exerts a sig-
nificant adverse effect on the environment. Consequently, to effectively tackle the challenge
of reconciling economic growth with environmental conservation, it is essential to promote
the promotion of sustainable economic cycles, emphasizing investment in and attention

to green bonds.

Concurrently, the examination of uncertainty indices can assist investors and policy-
makers in proactively implementing measures to mitigate the negative effects of uncertainty
on stock markets and green finance. For instance, Dogan et al. (2023) underscored in their
findings the critical function of uncertainty indices in highlighting the significance of green
bonds as a safe-haven asset during times of economic uncertainty within the framework
of the US economic market. Similarly, Bouri et al. (2024) found through their research that
the green bond market is largely unaffected by the spillover effects of geopolitical risks. This
also illustrates the hedging function and risk-averse characteristics of green bonds (Ejaz et al.,
2022). Furthermore, during times of heightened volatility, green bonds demonstrate greater
resilience, whereas traditional bonds may be adversely affected by geopolitical risks (Sheenan,
2023). Meanwhile, in the context of the discourse surrounding clean energy consumption and
economic growth, Xue et al. (2022) implemented research of pertinent data from France and
determined that the consumption of clean energy does not facilitate long-term reductions
in emissions. However, Economic Policy Uncertainty (EPU) increases emission levels and pos-
es a threat to environmental sustainability. By studying the impact of EPU on stock market re-
turns in both developed and emerging economies, the results show that developed countries
exhibit a greater sensitivity to global EPU than to domestic EPU. In contrast, emerging econo-

mies demonstrate a heightened vulnerability to local EPU (Hong et al., 2024).

In summary, this paper argues that economic policy uncertainty is usually accompa-
nied by financial market volatility, which may directly affect the profitability of environ-
mental protection and sustainable development projects, leading investors to more be fond
of to short-term market volatility and interest rate changes, which in turn affects them
to produce different investment behaviors, these alterations are expected to exert an asym-
metric influence on the price of green bonds. Consequently, the hypotheses put forth in this

study are as follows:

H,: Economic policy uncertainty has a significant asymmetric impact on green bond
prices.
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2.2. Geopolitical risk and stock markets

Geopolitical risk (GPR) is a potential risk due to political factors between different countries
and regions, which is likely to make a certain impact on the global green economy, interna-
tional financial, and commercial activities. For instance, companies facing significant geopo-
litical risks may safeguard their interests and business stability by increasing cash reserves
and debt. While this strategy can help mitigate internal risks, it may also lead to a decline
in the company’s overall value (Pringpong et al., 2023). In addition, the frequent occurrence
of geopolitical events often causes fluctuations in investor sentiment, thereby exacerbat-
ing the volatility of the stock market. For example, through empirical analysis conducted by
Khraiche et al. (2023) revealed that geopolitical risks exert a more substantial negative im-
pact in North America and Europe compared to Asia. The influence of variables such as GPR
and EPU on the spillover effects associated with green bonds exhibits an asymmetric nature
(Lucey and Ren, 2023). Alqahtani et al. (2020) investigated the in-sample and out-of-sam-
ple predictive power of global and Saudi GPR indices and crude oil returns on stock returns
in six GCC countries and found that while global and Saudi GPR indices show weak in-sam-
ple predictability, the global GPR index demonstrates superior out-of-sample forecasting
for Kuwaiti and Omani markets. The crude oil returns emerge as a more robust predictor
across most GCC markets, both in-sample, and out-of-sample, suggesting their utility for
active stock return prediction when econometric issues are addressed. Meanwhile, Zheng
et al. (2023) pointed out that the risk spillover between geopolitical risks, global econom-
ic activities, and international financial markets exhibited significant asymmetry. In times
of increased geopolitical turmoil, green bonds provide investors with an effective hedge;
they are able to hedge geopolitical risk to some extent (Ali et al., 2023; Sohag et al., 2022).
Hoque and Zaidi (2020) explored the impact of global and country-specific GPR on stock re-
turns in emerging economies, and they argued that the two are characterized by nonlinear-
ity, asymmetry, and heterogeneity. Concurrently, geopolitical uncertainty may lead to vola-
tility in the pricing of green bonds, which provides effective advice and planning for bond
practitioners and asset savers in optimizing asset allocation and portfolio strategies (Lee
etal,2021; B.Ren etal, 2023; Yadav et al., 2023; Bouri et al., 2023).

To sum up, this study argues that geopolitical risks will affect the government’s role
in supporting and promoting green bonds, which may increase the implementation risks
of environmental protection and sustainable development projects, interfere with the mar-
ket liquidity and pricing strategies of green bonds, and consequently cause asymmetric re-
actions from investors in the green bond market. Therefore, the following are the hypothe-

ses put out in this paper:

Politickd ekonomie, 2026, 74, Forthcoming articles, https://doi.org/10.18267/j.polek.1517 7



Xiaohui Qu, Chaokai Xue, Mahmood Ahmad, Qun Gao, Yuxi Wu

H,,: Geopolitical threats have a significant asymmetric impact on Chinese green bond
prices.

H,y,: Geopolitical acts have a significant asymmetric impact on Chinese green bond prices.

2.3. Natural Gas Prices and the Green Bond Market

Previous research on the pricing of the green bond market has predominantly concentrated
on issues such as economic policy uncertainty, geopolitical risk, as well as oil price volatility.
However, the significance of natural gas, recognized as a clean energy source, is increasingly
gaining prominence within the investment landscape (Halser et al., 2023; J. Li et al,, 2022;
T. Wang et al., 2020). Green bond as an important tool in the field of sustainable invest-
ment, its issuance and investment are favored by more and more investors and funds, and
the association with traditional energy markets is also strengthened (H. Li et al., 2022; Z. Li
etal.,, 2022). Abakah et al. (2023) by studying the U.S. bond market, found a significant two-
way causal relationship between green bonds and natural gas prices under bearish market
conditions. In addition, Akhtaruzzaman and Rahman (2024) compared the systemic risks
and commonalities between the subsectors of the green and conventional energy markets
in the U.S. They found that the green and conventional energy sectors are interconnected
with significant systemic risk spillovers. Umar et al. (2024) posited that during periods
of global economic market decline, policymakers must recognize the critical function of risk
management strategies. They should be well-prepared and implement risk mitigation mea-
sures to deal with market volatility. This analysis provides a deeper insight into the inter-
action between energy price indices and their volatility, with a particular focus on natural
gas prices and green bonds. By comprehensively considering the various complex factors
affecting the green bond market, this meticulous approach is critical to accurately assessing
the associated investment risks and opportunities, thus providing effective advice for envi-
ronmentalists, bond investors and policymakers (X. Ren et al., 2022; T. Su et al., 2022; Tiwari
etal., 2022).

In conclusion, this paper argues that the volatility of natural gas prices will affect the re-
turn on investment in clean energy projects, leading investors to be more cautious in choos-
ing investment projects and possibly changing their portfolio strategies. In this context, in-
vestors may exhibit a preference for risk-averse assets or investment projects characterized
by relative stability. This inclination is likely to exert an asymmetric influence on emerging
markets, including green bonds. Consequently, the hypotheses put forth in this study are
as follows:
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Hj;: Natural gas prices have a significant asymmetric impact on green bond prices in China.

In conclusion, the preceding analysis and research outcomes regarding green bonds
contribute to a deeper comprehension of their significant function in advancing the environ-
mental protection sector and fostering sustainable development. Current researches also
highlight the potential of green bonds to raise environmental awareness and tackle the chal-
lenge of climate change. Nevertheless, there is currently a lack of empirical research exam-
ining the interaction and impact of green bond prices on the China-related uncertainty index
and natural gas. Besides, there is a notable deficiency in actionable recommendations and
policy insights tailored for Chinese investors and financial managers. Few scholars gener-
ally consider natural gas as a key influencing factor in the field of green bond investment;
therefore, including natural gas in green bond investment considerations may provide more
diversified choices and risk management opportunities for portfolios, as well as furnish in-

vestors with valuable insights to mitigate exposure to market risks.

3. Data and Methodology

3.1. Data

This study investigates the asymmetric relationship between the uncertainty index and
green bond prices in China, covering the period from August 2012 to July 2022. Taking into
account the availability of data and the necessity to incorporate a comprehensive range
of observations, this study identifies four pertinent uncertainty indices based on the exist-
ing literature. Firstly, we selected the China Bond Green Bond Index from the Wind data-
base as the representative data for the green bond market in China. Secondly, we selected
the geopolitical risk index, recently developed by Caldara and Iacoviello, (2022), as an indi-
cator of geopolitical instability. The index is calculated each month by assessing the propor-
tion of total articles and news stories related to adverse geopolitical events, thus providing
a comprehensive measure of geopolitical risk. It is subdivided into two sub-indices: geopo-
litical threats and geopolitical acts. Finally, we employ the average price of China’s imported
LNG as a representative indicator of the level of domestic natural gas prices (Ferrari et al.,
2021; H. Lietal, 2017; T. Wang et al., 2024). Given that all the aforementioned data are ex-
pressed as indices, logarithmic transformations are applied to all variables. Table 1 presents

variables’ definitions and their sources.
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Table 1: Variable definitions and sources

Symbol Definition Source

GB China Green Bond Index Wind Database

EPU China’s Economic Policy Uncertainty Index Davis et al. (2019)

GPRT Geopolitical Threats Caldara and lacoviello, (2022)
GPRA Geopolitical Acts Caldara and lacoviello, (2022)
LNG China’s Liquefied Natural Gas Price Index Wang et al. (2024)

Source: Authors’ own elaboration

3.2. Methodology

This study examines the influence of EPU, GPR, and LNG on the pricing of green bonds in Chi-
na, employing a variety of methodological approaches. In the context of model selection, this
research examines the application of the Quantile-on-Quantile Regression (QQR) method-
ology as introduced by Sim and Zhou (2015). There are several reasons for choosing this
approach:(1) Traditional linear methods such as OLS, assume uniform effects across quar-
tiles, which may not capture the asymmetric features of face changes. In contrast, the QQR
method allows us to model specific quartiles of the variable, thus revealing tail dependence.
(2) QQR is an improvement of the traditional quantile regression method, combining it with
nonparametric estimation, which is more conducive to revealing the effects and relation-
ships between independent and dependent variables of different quantiles (Urom et al,
2022). (3) The QQR method performs better in dealing with outliers and heteroscedasticity
problems. Especially when dealing with complex economic and financial data, the empirical
results from this method tend to be more thorough and nuanced (Duan et al., 2021). In addi-
tion, we utilized the quantile Granger causality test developed by Troster (2018), combined
with wavelet analysis method to enrich the empirical results, which is of great practical sig-
nificance and policy implications for the study and understanding of causality between un-

certainty indices, natural gas prices on green bond returns.

3.2.1. Quantile-on-quantile Regression (QQR)

This study employs quantile on quantile regression to examine the effect of various quan-
tiles of the variable X (EPU, GPRT, GPRA, and LNG) on different quantiles of Y (GB) between
different quantiles, a procedure that can be characterized by the subsequent nonparametric

quantile regression model:
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Y =p'(X)+&/ (1)

In Eq. (1), Y; denotes the price index of GB in period t. Similarly, X, denotes the uncer-
tainty index or price index of EPU, GPRT, GPRA, and LNG in period t; 8 denotes 8-th quan-
tile of the conditional distribution of X. ¢/ represents an error term whose 0 the quantile
of the conditional distribution is equal to zero. 89(.) is an unknown parameter. Due to the lack
of information about the past between Y, and X, then can linearize £°(.) by performing
a first-order Taylor expansion on X,. Then the equation can be rewritten as:

B(X) = B (X)+ 7 (X)X, —X7) (2)

In Eq. (2), B? is the partial derivative of B°(X?). Alternatively, in conjunction with that
mentioned by Sim and Zhou (2015), Eq. (1) can be reformulated as follows:

Y, = B,(0,0)+ B (0. )X, X ")+ (3)

In detail, bandwidth selection is a critical aspect of non-parametric analyses, as it plays
a significant role in refining the target points and influencing the rate of results. An increase
in the bandwidth parameter leads to a reduction in variance and a corresponding decrease
in estimation bias, and conversely, a smaller bandwidth yields the opposite effects. There-
fore, a bandwidth value of h = 0.05 was employed in this research, in accordance with the rec-
ommendations put forth by Sim and Zhou (2015).

3.2.2. Quantile Granger causality

This paper employs the quantile granger causality methodology developed by Troster
(2018) to examine the causal relationships among EPU, GPRT, GPRA, LNG and green bond
prices. This method not only provides a robustness test for the initial data estimates but also
helps to uncover the causal relationship between the predicted variable and the outcome
variable across different quantiles. This approach effectively captures tail dependence with-
in the data series, a feature that is overlooked by conventional Granger causality methods.
Simultaneously, the reliance on medians for linear Granger causality estimates introduces
a potential bias in the findings, as this approach fails to consider causal relationships that
may manifest across different quantiles. Therefore, quantile Granger causality is more ef-
fective compared to traditional causality tests due to its ability to more accurately test for
non-linear causality between the variables being tested, while not being affected by the size
of the data.
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3.2.3. Wavelet Coherent Transform

In this study, we integrate QQR with wavelet coherence variation to enhance our findings.
The choice of the WTC method is based on the following considerations: (1) Wavelet analysis
decomposes the signal into time and scale components, enabling us to observe the relation-
ships between variables in the short, medium and long term. (2) When examining time-se-
ries data, vector autoregression (VAR), while focusing on time-domain interactions, cannot
highlight frequency-specific dynamics. However, WTC can capture localized dependencies
in the time and frequency domains through the series. (3) WTC is a robust method. It can
solve nonsmoothness problems when the data exhibit time-varying volatility and structur-
al breaks under consideration of both the time and frequency domains. The cross-wavelet

transform of two time series, denoted as x(t) and y(t), can be expressed as follows:
W, (u,8) =W, (s, 0)W," (s,7) (4)

In equation (4), u represents the position, s denotes the scale, and the symbol * in-
dicates the complex conjugate. The computation of the WTC is performed in the following

manner:

_ S (5, 0) -
S W (5.0 P)SG™ Wy (5. 2)F)

Rj (s,7)

In Eq. (5), S denotes the simultaneous smoothing of time and frequency, and the range
of values of R/ (s,t) is in the range 0 < RZ(st) < 1.

4, Results and discussion

Table 2 presents the descriptive statistics for all variables discussed in this paper, and GB
has a negative skewness. EPU and GPRT show a positive skewness, suggesting that investors
may expect EPU and GRPT to change slightly more often, but hardly ever significantly. With
a relatively high standard deviation is EPU, which may be due to the fact that the variable is
affected by market factors and policy news, and therefore exhibits a high degree of volatility.
LNG and GPRT show a higher kurtosis, which may imply that the data distribution is rela-
tively concentrated. The Jarque-Bera test results reveal that most variables, GB, EPU, GPRT,
and LNG exhibit non-normal distributions, as indicated by their statistically significant test
statistics. In contrast, GPRA shows no significant deviation from normality, suggesting that

it may follow a normal distribution.
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Table 2: Descriptive Statistics

Variable Mean | Max Min | Std.dev. | Skewness | Kurtosis | Jarque-Bera p-value
GB 4980 (5223 |4.724 0.150 —-0.198 1.901 6.818*%* 0.033
EPU 5212 |6.495 | 4.076 0.594 0.053 1.895 6.164%* 0.046
GPRT 4.570 |5.578 | 4.014 0.255 0.793 4.213 19.94%** 0.000
GPRA 4.064 |5.121 | 3.051 0.393 —-0.104 2.990 0.215 0.898
LNG 4606 |4.987 |4.244 0.106 -0.323 5.945 45.46%** 0.000

Note: *, ** and *** denote significance at 10%, 5% and 1% levels, respectively.

Source: Authors’ own calculations

Table 3 presents the results of the correlation analysis. It is evident that the strongest
correlation with GB is observed with EPU, followed by GPRT and LNG. Before conducting
the QQR analysis, we employed the quantile autoregressive unit root test to mitigate poten-
tial biases in the results and to enhance the robustness of our assessment regarding the con-
tinuity of the pertinent indicators (Citak et al., 2021).

Table 3: Correlation matrix

GB EPU GPRT GPRA LNG
GB 1.00
EPU 0.79 1.00
GPRT 0.28 0.15 1.00
GPRA -0.39 -0.55 0.28 1.00
LNG 0.07 0.09 -0.19 -0.10 1.00

Source: Authors’ own calculations

Table 4 presents the findings of the quantile autoregressive unit root test. The esti-
mated persistence and t-statistic for 19 quantiles, ranging from 0.05 to 0.95, are provided,
allowing for the determination of the presence or absence of quantile unit root. If the critical
value exceeds the estimated t-statistic, the null hypothesis that a(r) = 1 cannot be rejected
at the 5% significance level for each quantile. The test results showed that none of the se-

lected indexes showed quantile smoothness at the significance level of 5%.
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Table 4: Quantile autoregressive unit root test

GB; EPU, GPRT, GPRA; LNG,
T a t-st.atis- a t-st.:altis- a t-st.:altis- a t-st.:altis- a t-st?tis-
tic tic tic tic tic

0.05 0.836 3.029 0.471 2.683 0.542 2.157 0.719 1.584 | -0.377 | 6.147
0.10 0939 | -0.719 | 0403 | —-2.522 | 0424 | -3.595 | 0.737 | -1.784 | —0.082 | —2.925
0.15 0969 | —0.583 | 0.464 | —3.259 | 0.347 | —4.830 | 0.713 | -1.983 | —-0.077 | —4.420
0.20 0948 | -1.064 | 0.522 | —-4.522 | 0.348 | —-6.130 | 0.71 —2.297 | 0.013 | —4.951
0.25 0959 | -1.045 | 0486 | —-4.357 | 0.382 | -5.276 | 0.772 | -2.132 | 0.044 | -5.927
0.30 0975 | -0.860 | 0.409 | —-5.297 | 0.385 | —=5.564 | 0.720 | —2.727 | 0.045 | -7.600
0.35 0979 | -0.664 | 0.539 | —4.168 | 0.523 | —4976 | 0.707 | -2.799 | 0.077 | -7.723
0.40 0986 | —0.494 | 0.480 | —4.972 | 0.546 | —4.593 | 0.666 | —-3.315 | 0.081 | —10.303
0.45 0989 | -0.351 | 0.442 | -5554 | 0.536 | —4.263 | 0.621 —-3.740 | 0.096 | -11.160
0.50 0985 | —0.534 | 0.450 | -5.032 | 0.500 | —4.589 | 0.631 —3.853 | 0.000 | —13.231
0.55 0981 | —0.650 | 0.450 | —4.985 | 0.491 | —-4.510 | 0.599 | —-4.473 | —0.007 | —12.449
0.60 0988 | —0.362 | 0.441 | -5.396 | 0.503 | —4.519 | 0.626 | —4.923 | —0.023 | -11.783
0.65 0988 | —0.363 | 0.446 | —4.957 | 0.539 | -4.543 | 0.615 | —4.900 | —0.043 | -11.737
0.70 0972 | -0.864 | 0.494 | —4.515 | 0.552 | —4.238 | 0.634 | —4.255 | —0.019 | —-11.343
0.75 0989 | -0.335 | 0.531 | —3.680 | 0.593 | —3.393 | 0.593 | —4.266 | 0.009 | —8.594
0.80 0998 | -0.055 | 0.509 | -3.452 | 0.621 | —2.899 | 0.594 | -3.759 | —0.046 | —-8.091
0.85 0973 | -0.837 | 0.527 | -3.302 | 0.574 | -2.317 | 0.594 | -3.266 | 0.002 | —-6.683
0.90 0965 | -0.734 | 0.570 | -2.052 | 0.562 | -1969 | 0.692 | -1.771 | —0.160 | —3.224
0.95 0.937 0.958 0.739 1.210 0.753 1.265 0.888 0.623 | —0.095 | 5.224

Note: T denotes quantile point, a denotes point estimate, t-statistic denotes t-statistic value.

Source: Authors’ calculations.
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As presented in Table 5. This study adopted the quantile cointegration test estab-

lished by Xiao (2009) to conduct a more comprehensive analysis and to determine wheth-

er a cointegration relationship exists among the variables. The coefficients associated with

f and y represent the maximum canonical values, while the critical values are designated

as CV1, CV5, and CV10, corresponding to significance levels of 1%, 5%, and 10%, respective-

ly. The findings from the quantile cointegration analysis suggest that the research variables

exhibit cointegration, indicating a nonlinear long-term relationship between green bond

prices and above four variables. This relationship provides a foundation for further empiri-

cal investigations.

Table 5: Quantile cointegration test

Models Coefficient sup.|V,(1) V1 CVs cvio
a.GB B 50.3194 31.0728 18.8775 14.1049
vs.

EPU 1% 4.5547 3.0256 1.7524 1.3115
b.GB B 281.0616 89.1986 49,6035 37.8001
vs.

GPRT 1% 32.4279 11.3461 5.7978 4.2615
c.GB B 162.0308 74.3084 37.6578 29.5133
vs.

GPRA 1% 20.0905 7.5004 3.9989 29172
d.GB B 4322.8579 365.6671 181.3756 126.7127
vs.

LNG 1% 474.6236 45,2206 18.8349 12.0530

Notes: 8 and y denote the coefficients in the quantile cointegration model, sup|V,(t) denotes the maximum
value of the test statistic, and CV1, CV5, CV10 denote the critical values of statistical significance for 1%, 5% and

10% levels, respectively.

Source: Authors’ own calculations
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4.1. Results of quantile-on-quantile regression analyses

This section presents an empirical analysis of the asymmetric effects and influences of EPU,
GPRT, GPRA, and LNG on China’s green bonds. As shown in Figures 1, 2, 3 and 4, the coef-
ficients of the slope fi(o, T) are presented, demonstrating the impact of the chosen indi-
ces on the o-th quantile of green bonds. The plot of the relationship between the two gives
the results related to the hypotheses. Specifically, the paper finds that EPU, GPRT, GPRA and
LNG have an overall positive impact on green bond prices, suggesting that these four in-
dependent variables are important factors affecting green bonds, particularly in different
economic conditions and intricate geopolitical circumstances. Within each group, there
are notable differences in the quantiles of the selected indicator and the slope coefficients
of the green bond prices. This observation shows that the relationship between these two

variables exhibits asymmetry in their quantiles.

Figure 1 illustrates the impact of varying quantiles of EPU on distinct quantiles of green
bond prices. The empirical findings align with Hypothesis 1. The findings from the quantile
estimation indicate that EPU and GB are negatively correlated at lower quantiles. At the me-
dian and higher quantiles of these two indicators, a more pronounced positive correlation
is observed between EPU and GB. The findings indicate that fluctuations in EPU will have
a substantial influence on the green bond price. When EPU rises, investors’ risk appetite
may decrease. Green bonds usually have higher credit ratings and stable funding com-
pared to traditional bonds (Sheenan, 2023). Therefore, investors may prefer green bonds
as a safe-haven asset, driving up green bond prices. This is consistent with the view of Gok
et al. (2025). In addition, it should also be noted that when the EPU increases, the govern-
ment part of the great extent of the introduction of green transition policies, such as carbon
tax or subsidies. This will increase the attractiveness of green bonds. On the other hand,
in the low EPU quartile, traditional asset returns rebound. Investors, affected by the macro-
economic situation, may shift their funds from green projects to high-yield assets, leading
to a decrease in green bond returns. Therefore, there is an asymmetric impact of EPU chang-
es on GB returns in both long- and short-term time frames (Tang et al., 2023). This phenom-

enon is closely related to policy support and investors’ demand for risk avoidance.
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Figure 1: Impact of Economic Policy Uncertainty on Green Bonds: A QQR Regression
Estimates
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Note: The QQR graph illustrates the slope coefficient estimates 3 (6, 1) in the z-axis against the quantiles of eco-
nomic policy uncertainty in the x-axis and the quantiles of green bond in the y-axis.

Source: Authors’ own calculations

As presented in Figure 2, GPRT and green bond returns exhibit an asymmetric rela-
tionship throughout the observed sample period, which is consistent with Hypothesis 2a.
The two indicators show a significant positive correlation at the GB quantile (0.8-0.95)
and the GPRT quantile (0.3-0.45). However, there exists an inverse relationship between
the lower quantile of GB (0.05-0.8) and the range of quantiles from low to high of GPRT.
Specifically, the analysis suggests that uncertainty in the green bond market is likely to be
lower at low to moderate levels of geo threats. This would gain the attention of investors
to prioritize green bonds as an investment product. This paper also notes that when faced
with extreme geopolitical threats, investors view green bonds as a “geopolitical safe haven”.
This is because green bonds are decoupled from traditional fossil energy sources and are
characterized by policy support. An increase in GPRT is likely to expose the risk of depen-
dence on traditional energy sources and lead countries to invest more in renewable energy.
This will increase the demand for green bonds and improve their returns. However, a rise
in GPRT could also exacerbate green bond market volatility. If investors are too pessimistic

about the market outlook, they may reduce their investment in green bonds, leading to a de-
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cline in their prices. Overall, GPRT has a significant asymmetric impact on green bond prices.
This is closely related to traditional energy markets, policy stability, and the sustainability
of green projects. This volatility has implications for investment behavior and investor sen-
timent changes in the energy and economic sectors. These findings support previous studies
by Akhtaruzzaman and Rahman (2024), Tian et al. (2022) and Agoraki et al. (2022).

Figure 2: Impact of Geopolitical Threats on Green Bonds: A QQR Approach
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Note: The QQR graph illustrates the slope coefficient estimates (6, 1) in the z-axis against the quantiles of geo-
political threats in the x-axis and the quantiles of green bond in the y-axis.

Source: Authors’ own calculations

Figure 3 illustrates the influence of GPRA on green bond prices. The findings presented
in the figure indicate that geopolitical acts exert a detrimental effect on the prices of green
bonds throughout the sample period, thereby supporting hypothesis 2b. There is a positive
relationship between the lower quantile of GPRA (ranging from 0.05 to 0.3) and the high-
er quantile of GB (spanning from 0.6 to 0.95). However, the effect of GPRA becomes weak
as the slope parameter of the higher quantile of GPRA decreases in steepness across all scat-
ters of GB. In general, the impact of GPRA on green bond prices exhibits an asymmetric pat-
tern. Specifically, under low or median quartile GPRA, multiple countries may jointly promote
carbon neutral targets, form green international cooperation or reduce carbon tariffs (Tolli-
ver et al., 2020). As a result, the amount of investment in green projects is enhanced, capital
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inflows are attracted, and green bond returns show a solid increase. However, when GPRA
decreases, the economic market environment will also stabilize. Relatively optimistic inves-
tors may increase their risk appetite for the market and shift their attention to traditional
markets, reducing the demand for green bonds and leading to a decline in their returns (Ejaz
et al., 2022). On the other hand, when encountering high-risk geopolitical behavior, the im-
plementation of green projects will face some obstacles. First, the supply of key resources
for green technologies may be limited, leading to increased costs and longer project cycles
for green projects. Ultimately, this results in an increase in the credit risk of green bonds
and a possible decline in returns. Second, global economic market panic leads to the with-
drawal of funds from risky assets, resulting in significant selling pressure on green bonds
in the short term (Zheng et al., 2023). For example, at the beginning of the Russia-Ukraine
war, European green bonds rose rapidly as the energy transition accelerated. However,
as the conflict intensified and gas supplies were cut off, some green projects were delayed
or halted, leading to a fall in returns. In addition, stringent ESG disclosure requirements by
regulators have helped to enhance the credibility of green bonds and boost their returns.
Therefore, the effect of GPRA on green bond returns is asymmetric, and the above findings
support the study by Tang et al. (2023), Lee et al. (2022) and Khraiche et al. (2023).

Figure 3: Impact of Geopolitical Acts on Green Bonds: A QQR Approach
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Note: The QQR graph illustrates the slope coefficient estimates (6, 1) in the z-axis against the quantiles of geo-
political acts in the x-axis and the quantiles of green bond in the y-axis.

Source: Authors’ own calculations
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As can be seen from Figure 4, there exists a certain asymmetric relationship between
LNG and green bond prices, which is consistent with Hypothesis 3. In most quartiles of LNG
(0.3-0.7), LNG shows a strong positive relationship with GB. Similarly, in the middle and
lower quartiles of GB (0-0.4), the two are positively related. However, in the higher quar-
tile of GB (0.7-0.9), there is a significant negative relationship between the two variables.
Specifically analyzed, there is a substitution effect between LNG and green bonds when LNG
prices fall. Lower prices of traditional energy sources may force countries to accelerate their
green transformation, such as China’s “dual carbon” goal. This could lead to increased invest-
ment in green projects and higher returns on green bonds (Wang et al.,, 2024). In addition,
lower LNG prices are good for energy companies that use natural gas, helping them to re-
duce energy costs and improve their resilience to risk. On the other hand, this paper finds
that in the short term, when LNG prices rise, energy companies face inflationary pressure,
which leads to an increase in their financing costs. Then the green projects concerned will
experience delay risk, which affects the bond returns. In the long term, if the market faces
a sustained increase in LNG prices. Then the government, considering energy security, may
increase the amount of coal-powered energy, causing green bonds to become less attractive.
However, if the carbon tax policy is introduced at the same time, it may reduce the negative
impact. Meanwhile, renewable energy sources are becoming more competitive as technolo-
gy advances and related costs fall. If these alternative energy sources dominate the market,
it may reduce the demand for investment in natural gas-related projects, leading to volatil-
ity in green bond prices. Therefore, natural gas price and green bonds show an asymmetric
effect in general. The above findings support the study of Yadav et al,, (2023), Maltais and
Nykvist (2020) and Mensi et al. (2024).

Based on the above research findings, this paper comes through the existing studies
on green bonds versus traditional bonds. This paper argues that green bonds are more
susceptible to geopolitical risks compared to traditional bonds, which is consistent with
the study of Sheenan, 2023). Meanwhile, green bonds possess better risk aversion than tra-
ditional assets and are more likely to be favored by investors when facing high uncertainty,
which is similar to Dong et al. (2023). Next, this study employs granger causality across var-
ious quantiles to examine the bidirectional relationships among EPU, GPRT, GPRA, and LNG
in relation to green bond prices in China. Table 6 summarizes the test results. We observe
that the impacts of EPU, GPRT, GPRA and LNG on green bonds are heterogeneous, suggesting
that they do not have a homogeneous effect on green bonds. The results of the granger cau-
sality method based on quantiles show that the four aforementioned variables, along with
green bonds, exhibit a bivariate relationship across the majority of pertinent quantile indi-

cators. The results are consistent within the framework of the QQR model. Thus, significant
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fluctuations - whether positive or negative - in EPU, GPRT, GPRA and LNG are associated

with variations in green bond prices.

Figure 4: Impact of Liquefied Natural Gas on Green Bonds: A QQR Approach
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Note: The QQR graph illustrates the slope coefficient estimates B8 (6, 7) in the z-axis against the quantiles
of liquefied natural gas in the x-axis and the quantiles of green bond in the y-axis.

Source: Author’s own calculations
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Table 6: Granger causality in quantile test results

Quantiles | EPU— GB | GB — EPU | GPRT — GB | GB —» GPRT |GPRA — GB|GB — GPRA| LNG —» GB | GB — LNG
0.05 1.000 0.464 1.000 1.000 1.000 0.500 1.000 0.560
0.10 0.012%** 1.000 0.012%* 1.000 0.012%** 1.000 0.012%* 0.476
0.15 0.036** 0.619 0.036** 0.702 0.036** 0.321 0.036** 0.226
0.20 0.012** 0.464 0.012** 0.524 0.012** 0.500 0.012** 0.012**
0.25 0.012%* 0.012%* 0.012%* 0.024%* 0.012%* 0.452 0.012%* 0.012%*
0.30 0.321 0.143 0.321 0.083*** | 0.321 0.845 0.321 0.012%*
0.35 0.238 0.464 0.238 0.381 0.238 0.869 0.238 0.012%**
0.40 0.274 0.274 0.274 0.774 0.274 0.798 0.274 0.012%**
0.45 0.286 0.417 0.286 0.762 0.286 0.810 0.286 0.036**
0.50 0.155 0.702 0.155 0.619 0.155 0.381 0.155 0.036%**
0.55 0.679 0.333 0.679 0.429 0.679 0.631 0.679 0.012%*
0.60 1.000 0.476 1.000 0.131 0.917 0.536 1.000 0.024**
0.65 0.798 0.333 0.798 0.310 0.714 0.714 0.798 0.012**
0.70 0.083*** |  0.619 0.083*** | 0.774 0.083*** | 0.095*** | 0.083*** | 0.024**
0.75 0.012%* 1.000 0.012%* 0.095%** | 0.012** 0.500 0.012%* 0.060%**
0.80 0.012%* 1.000 0.012%* 0.071%** | 0.012** 0.702 0.012%** 0.012%**
0.85 0.036** 0.821 0.036** 0.655 0.036** 0.714 0.036** 0.107
0.90 0.274 1.000 0.274 1.000 0.274 1.000 0.274 1.000
0.95 0.655 0.512 0.655 0.095*** | 0.655 0.464 0.655 0.631

Notes: **, and *** denote the significance level at 5% and 10% levels, respectively. - denotes the causality

direction.

Source: Authors’ own calculations

4.2. Validity analysis of the QQR model

This study employs the QQR methodology to examine the asymmetric effects of the quantiles
of chosen indicators on the price of green bonds in China. To assess the validity of the QQR
methodology, we conduct a comparative analysis of the mean slope coefficients obtained
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from QQR with those obtained from conventional quantile regression. Figure 5 presents
a comparative analysis of QQR in relation to standard quantile regression methodologies.
The comparison results verify our findings and show that the mean of QQR coefficients
trend in the same direction as the mean of QR coefficients. The four sets of images illustrate
that the average coefficients of the two methods exhibit parallel alignment, demonstrating
a synchronous movement. Consequently, the methodology employed offers a more thorough
examination of the asymmetric effects of EPU, GPRT, GPR, and LNG on green bonds across

various quantiles of 7 and 6.

Figure 5: Comparison of QR and QQR estimates: Impact of macroeconomic and
geopolitical factors on Green Bonds
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4.3 Wavelet coherence transform analysis results

This section further explores the time-frequency covariance and causality between EPU,
GPRT, GPRA, LNG and green bond prices. The temporal and frequency co-shifting of the caus-
al influences exerted by above variables on the price of green bonds in China is comprehen-
sively analyzed through the application of the wavelet coherence method (WTC). Figure 6
shows the wavelet coherence transformation results. In the analysis of GB-EPU, it is observed
that there are directional indicators pointing both upward to the right and upward to the left
during the period from 2012 to 2022, which indicates a significant asymmetric effect be-
tween EPU and green bonds. Therefore, it would be advisable for policymakers to prioritize
regional collaboration and the standardization of green bonds in order to alleviate the risks
associated with uncertainty. Similarly, Figure 6 shows the WTC between GPRT, GPRA, and GB
from 2012 to 2022. The majority of the arrows associated with GPRT are oriented upwards
to the right, indicating a robust correlation across various frequencies from 2017 to 2022.
The directional arrows for GPRA are oriented downward to the left, signifying a robust cor-
relation across various frequencies from 2014 to 2017. The results indicate that GPRT and
GB are positively correlated, whereas GPRA and GB exhibit negatively correlated. Similarly,
the relationship between LNG and GB in the context of the WTC is illustrated in Figure 6, and
it can be observed that there are fewer or weaker links between the two from 2012 to 2020,
and after 2020, most of the arrows are down to the left, indicating a negative link at high and
medium frequency. Overall, it is clear that EPU, GPRT, GPRA and LNG indicators are import-

ant indicators.
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Figure 6: Wavelet Coherence Power Spectra: Green Bond vs. Uncertainty and Energy
Factors
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gion where edge effects may distort the results.

Source: Authors’ own elaboration

5. Conclusion

This paper uses the dataset from August 2012 to July 2022 and adopts non-parametric
methods such as QQR, Granger causality, and WTC are employed to investigate the inter-
relationships among different quantiles of EPU, GPRT, GPRA and LNG in relation to varying
quantiles of green bonds. This study makes an important contribution to the existing liter-
ature on the interaction of EPU, GPRT, GPRA, LNG and green bonds. The main conclusion
of this paper is that EPU, GPRT and LNG show a strong positive effect on green bonds in most
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quartiles and frequencies. While GPRA is mostly negatively related to green bond returns. All
the above four variables have asymmetric relationship with green bonds. Based on the above
results, this paper suggests that in the Chinese market environment, policy makers need
to calibrate dynamic policies and formulate contingency plans in advance. At the same time,
the resilience of the energy supply chain should be strengthened, and the government’s risk
response capability should be improved to guarantee the implementation of green projects.
For investors and fund managers, this paper provides them with quantile and wavelet anal-
ysis results, which help them capture policy dividends. In addition, given the asset hedging
advantages of green bonds, it is important for relevant government agencies and portfolio
investors to actively advocate investment in environmentally sustainable financial instru-

ments such as green bonds.

This study has some limitations. First, the study focuses exclusively on China’s green
bond market, and the findings may not be generalizable to other regions. Future research
could explore more developed green bond markets, such as the US and Europe, to evaluate
the impact of similar variables. Second, this study used a few variables (EPU, GPR, and LNG
prices) to check their impact on green bond returns. Future research could incorporate ad-
ditional factors, such as regulatory changes, technological advancements, or investor senti-

ment, to provide a more comprehensive understanding of green bond dynamics
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Nomenclature

EPU Economic Policy Uncertainty
GPR  Geopolitical Risk

LNG Liquefied Natural Gas

QQR Quantile-on-Quantile Regression
GPRT Geopolitical Threats

GPRA Geopolitical Acts

SDGs Sustainable Development Goals

WTC Wavelet Coherence Analysis
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