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Carbon Prices and Green Bond Markets: Global Insights from Quantile 

Connectedness 

 
 

 

Carbon pricing mechanisms and green bond markets are pivotal in addressing 

climate change and transitioning to sustainable finance. This study examines the 

interconnectedness between four global carbon price indices and the three largest 

green bond markets. We use daily data from July 2019 to December 2024, 

employing quantile-based connectedness analysis to investigate the return and 

volatility spillovers under normal, bullish, and bearish market conditions. The results 

reveal that carbon price indices act as net transmitters of shocks, whereas green bond 

markets are net receivers. Connectedness intensifies during extreme market 

movements, underscoring the influence of global events. These findings highlight 

the critical role of carbon prices and green bonds in navigating financial risks and 

opportunities within the sustainable finance ecosystem. 
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1 Introduction and Background 

The transition to a low-carbon economy has fueled significant interest in carbon pricing 

mechanisms and green bonds as vital to mitigating climate change. Carbon pricing 

incentivizes emission reductions and drives investments in cleaner technologies through 

mechanisms like emission trading systems (ETS) and carbon taxes (Aldy et al., 2021). 

Simultaneously, green bonds have emerged as critical financial tools for funding 

sustainable projects, aligning investor goals with environmental outcomes (Flammer, 

2021). These instruments represent pivotal components in global climate action and 

sustainable finance. 

This study investigates the interconnectedness between carbon price indices and green bond 

markets, two crucial financial instruments representing the push for environmental 

sustainability. Specifically, we focus on four carbon price indices—ICE US Carbon Prices 

(ICEUS), ICE EUA Carbon Prices (ICEEU), Goldman Sachs California Carbon Allowance 

(GC), and Solactive Carbon Emission Allowances (SC)—and the three largest green bond 

markets globally: the U.S. (Bloomberg U.S. Green Bond Index), Europe (Bloomberg European 

Green Bond Index), and China (Shanghai Stock Exchange Green Bond Index). These markets 

serve as benchmarks for tracking the financial integration and volatility transmission across the 

carbon pricing and green bond landscapes. 

While prior research has examined the interaction between traditional assets and green 

finance (e.g., Bachelet et al., 2019; Reboredo, 2018), limited attention has been given to the 

joint dynamics of carbon pricing and green bonds. Our study seeks to fill this gap by 

analyzing return and volatility connectedness using a quantile-based framework. This 

approach allows us to explore the spillover effects across these markets under varying 

market conditions, from normal periods to extreme market movements. 

Existing research examines aspects such as cross-quantilogram interactions between green 

bonds and carbon markets (Qi et al., 2024), the hedging effects of green bonds on carbon 

market risk (Jin et al., 2020), extreme spillovers involving high-carbon emission stocks 

(Dai et al., 2023), and dynamic linkages with oil prices (Li et al., 2022). Yet, most studies 

focus on extreme or tail effects, leaving contemporaneous and lagged spillovers 

understudied. Differentiating from prior work, this paper employs the quantile 

connectedness approach (Balli et al., 2023) to analyze both spillover types, offering 

actionable insights for portfolio diversification and sustainable finance.  

Building on the quantile connectedness approach of Ando et al. (2022), we employ a time-

varying parameter vector autoregression (TVP-VAR) model that incorporates generalized 

variance decompositions. This methodology enables us to capture nonlinear dynamics and 

bidirectional spillovers, offering a comprehensive view of how carbon prices and green 

bonds interact. We analyze connectedness at the median and extreme quantiles, providing 

insights into how shocks propagate under different market conditions and conflicts. 

This study offers several distinct contributions. First, we provide a globally integrated 

analysis by examining four key carbon price indices and three major green bond markets 

(U.S., Europe, and China), enabling insights into cross-regional transmission mechanisms. 

Second, we adopt a quantile-based time-varying connectedness framework that evaluates 

return and volatility spillovers, allowing us to capture tail risks and dynamic responses 

during market turbulence. Third, we utilize high-frequency daily data covering the period 

from July 2019 to December 2024, which spans multiple transformative global events—

including COVID-19 and the Russia–Ukraine conflict—as well as more recent and highly 

relevant developments such as the Red Sea shipping crisis caused by Houthi attacks, the 

escalating China–U.S. trade tensions over green technology and supply chains, and 
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emerging carbon-related supply chain disruptions and regulatory shifts. 

Finally, we provide novel insights by analyzing spillovers in both returns and volatilities 

across quantiles and time, revealing the asymmetric nature of financial contagion in green 

finance. These contributions enhance our understanding of market dynamics and offer 

implications for investors, risk managers, and policymakers. 

Moreover, we extend portfolio optimization frameworks to incorporate carbon stock prices, 

testing hypotheses about the dynamics between carbon stock prices and green bond returns 

and volatilities and providing empirical evidence of spillover mechanisms across the US, 

EU, and China between July 2019–December 2024. The findings reveal event-driven 

dynamic connectedness, with contemporaneous spillovers dominating average interactions, 

while lagged spillovers influence net dynamics. These insights benefit investors and 

policymakers, facilitating informed strategies to support sustainable economic 

development. 

Our findings also contribute to understanding financial stability and risk management in 

green finance markets. By identifying the transmission of shocks between carbon prices 

and green bond returns, we provide valuable insights for investors seeking diversification 

and policymakers aiming to enhance market resilience. As these markets play an 

increasingly prominent role in global sustainability efforts, understanding their 

interconnectedness is vital for advancing effective financial and environmental strategies. 

 

2 Data 

This study investigates the interconnectedness between carbon price indices and green 

bond markets. We utilize four prominent carbon price indices: ICE US Carbon Prices 

(ICEUS), ICE EUA Carbon Prices (ICEEU), Goldman Sachs California Carbon Allowance 

(GC), and Solactive Carbon Emission Allowances (SC). For green bond markets, we focus 

on the largest three globally—the United States, Europe, and China. These markets are 

represented by the Bloomberg U.S. Green Bond Index (US), the Bloomberg European 

Green Bond Index (EU), and the Shanghai Stock Exchange Green Bond Index (CN). The 

selected datasets comprehensively represent global carbon pricing mechanisms and green 

finance.  

To ensure that our analysis captures the most recent market disruptions, the dataset covers 

1,307 daily observations from July 1, 2019, to December 31, 2024. Beyond COVID-19 

pandemic and the Russia-Ukraine conflict, this extension enables the study to include 

several critical developments that have materially influenced both carbon and green bond 

markets, including (i) the Red Sea shipping crisis resulting from sustained Houthi attacks 

on international maritime trade routes; (ii) escalating China-US tensions related to green 

technology, clean energy supply chains, and carbon tariffs; and (iii) new carbon-related 

supply chain regulations and ESG-driven policy shifts across the US, EU, and Asia. These 

events have heightened volatility and increased systemic risk, particularly in sectors with 

high carbon exposure and environmental financing needs. Their inclusion adds meaningful 

empirical richness and enhances the policy relevance of our findings. 

Following standard practices, we analyze return data, as the level data exhibited non-

stationarity, confirmed by unit root tests. Carbon price data and green bond indices are 

sourced from the Bloomberg database. Summary statistics, detailed in Table 1, reveal 

noteworthy variability across carbon price indices and green bond markets, reflecting these 

markets' diverse risk and return dynamics. 

We acknowledge the importance of China's national carbon market and its rapid evolution 

since the official launch of its nationwide Emissions Trading System (ETS) in July 2021. 

However, despite its global significance, we could not include a Chinese carbon price 
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index in our analysis due to data constraints. Specifically, high-frequency (daily) price data 

for China's ETS covering the full study period (July 2019 to December 2024) is not 

publicly available or remains incomplete, especially during key market shock events. 

Moreover, earlier regional pilot markets suffer from limited liquidity, inconsistent 

reporting, and regulatory heterogeneity, making them unsuitable proxies for national 

carbon pricing dynamics. We recognize this as a limitation of our study and encourage 

future research to explore carbon-green bond connectedness involving China's ETS as 

more comprehensive and accessible data become available. 

 

Table 1. Summary Statistics 

Table 1 summarizes the returns of carbon price indices and green bonds (July 2019–

December 2024), showing modest average returns and higher volatility in carbon indices, 

notably GC and ICEUS. Return distributions are skewed with fat tails, justifying a 

quantile-based method. Extreme return values reflect regulatory and geopolitical shocks. 

The extended dataset captures late-period crises like the Red Sea shipping disruption, 

emphasizing the need to model tail risk and connectedness. 

3 Empirical Design 

In this study, we adopt the methodology of Ando et al. (2022), which extends the 

traditional mean method of Diebold and Yilmaz (2012, 2014) by incorporating the 

quantile regression framework of Koenker and Bassett (1978). This allows us to 

investigate the relationship between carbon prices and green bond returns across different 

quantiles (𝜏), with 𝜏 ∈  (0, 1), to capture the varying dynamics of these markets during 

periods of market stress. Specifically, we model how the return of one variable (yt) 

depends on another (xt) at different quantiles through a quantile VAR process:  

𝑦𝑡 = 𝑐(𝜏) + ∑ 𝐵𝑖(𝜏)𝑦𝑡−𝑖
𝑝

𝑖=1
+ 𝑒𝑡(𝜏), 𝑡 = 1, … , 𝑇                (1) 

After estimating the model at various quantiles, we apply the connectedness 

methodology of Diebold and Yilmaz (2012) to evaluate the spillover effects between 

carbon stocks (ICEUS, ICEEU, GC, SC) and green bonds (US, EU, CN). This is done 

using a moving average of the VAR process, expressed as: 

Yt = Ψ(L)𝜀t                                                                            (2) 

where Ψ(L) is an n×n matrix of coefficients, and εt represents the error terms. We then 

compute the generalized forecast error variance decomposition to analyze how shocks 

from different variables influence the forecast errors for a given horizon 𝐻:  

(𝜃𝐻)𝑗,𝑘 = ((Σ)𝑘,𝑘)−1 ∑ ((ΨℎΣ)𝑗,𝑘)2
𝐻−1

ℎ=0
/ ∑ (ΨℎΣΨℎ

′ )𝑗,𝑗

𝐻−1

ℎ=0
                     (3) 

The matrix Ψℎ is an 𝑛 × 𝑛 coefficient matrix with a lag of ℎ, and 𝜎𝐾𝐾 represents the 

variance. The generalized forecast error variance decomposition(𝜃𝐻)𝑗,𝑘, as described by 

Pearson and Shin (1998), has the valuable feature of providing reliable estimates even 

when the order of the variables in the underlying vector autoregression model is altered. 

This characteristic makes the model robust to changes in the variable order, ensuring 

consistent results. Both total directional connectedness from one variable (𝑘) to other 

variables and from other variables to (𝑗) are computed as: 
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C𝑗←◻(𝐻) = 100 × ∑ C𝑗,𝑘(𝐻)
n

𝑗≠𝑘,𝑗=1
/ ∑ C𝑗,𝑘(𝐻)

n

𝑗,𝑘=1
                               (4) 

C◻←𝑘(𝐻) = 100 × ∑ C𝑗,𝑘(𝐻)
𝑛

𝑗≠𝑘,𝑘=1
/ ∑ C𝑗,𝑘(𝐻)

𝑛

𝑗,𝑘=1
                               

Similarly, we calculate the overall system connectedness: 

C𝐻 = 100 ×
∑ (𝜃

~

𝐻)𝑗,𝑘
𝑗≠𝑘

∑(𝜃
~

𝐻)𝑗,𝑘

= 100 × (1 −
Tr{𝜃

~

ℎ}

∑𝜃
~

ℎ

)                                              (5) 

 Finally, we analyze the net directional connectedness between any two variables 𝑗 and 𝑘 

as:  

𝐶𝑗𝑘
𝑔

(𝐻) = (
𝜃
¯

𝑘𝑗
𝑔

(𝐻)−𝜃
¯

𝑗𝑘
𝑔

(𝐻)

𝑁
) × 100                                                                     (6) 

This approach provides a comprehensive measure of the shock transmission across the 

carbon price and green bond markets. Positive values indicate that a variable is a net 

transmitter of shocks, while negative values indicate a receiver.  

While the quantile VAR (QVAR) connectedness framework employed in this study is 

well-suited to analyzing nonlinear return and volatility spillovers across asset classes, it 

does not directly attribute causality to specific policy, environmental, or geopolitical 

events. The approach excels at capturing systemic interdependencies, tail risk 

propagation, and temporal dynamics across quantiles, but it lacks the granularity required 

to isolate event-driven market responses. Consequently, although our results identify 

periods of heightened connectedness that coincide with significant developments (e.g., 

COVID-19, COP meetings, geopolitical conflicts), these associations remain 

observational. We acknowledge this limitation and suggest that future research could 

complement our findings by incorporating event study methodologies or structural break 

models to directly quantify the causal effects of specific announcements or shocks. 

 

4 Results and Discussions 

  

                 Static Quantile Connectedness 

Table 2 explores the static quantile connectedness between four carbon price indices 

(ICEUS, ICEEU, GC, SC) and three green bond markets (US, EU, China) across three 

quantiles—median (0.50), lower tail (0.025) and upper tail (0.75)—to capture shock 

transmission under different market conditions. At the median, carbon indices, 

particularly ICEUS and ICEEU, emerge as key net shock transmitters, while green bond 

markets, especially the EU green bond index, act as net receivers. This reflects the 

greater policy and regulatory sensitivity of carbon markets versus the relative stability of 

green bonds. The Net Connectedness row confirms negative values for green bonds, 

reinforcing their role as systemic shock absorbers. The Total Connectedness Index (TCI) 

stands at 44.87%, indicating moderate systemic spillovers during typical market 

conditions. 

In the lower tail (0.025 quantile), representing extreme negative returns, the TCI jumps to 

64.92%, highlighting heightened contagion during market stress. Carbon indices like GC 

and ICEEU become dominant transmitters, while green bonds continue to absorb shocks. 



6 

 

This aligns with tail-risk contagion theories. The upper tail (0.75 quantile) shows a 

similar TCI of 63.15%, reflecting elevated connectedness during large positive returns, 

often triggered by green stimulus, emissions policy shifts, or climate-related regulations. 

Such symmetric tail behavior across extremes reveals limited hedging potential between 

carbon and green markets under stress, aligning with contagion literature highlighting 

synchronized movements during adverse events (e.g., Ang and Bekaert, 2002). 

Late 2024 disruptions such as the Red Sea shipping crisis, the China-US green-tech trade 

conflict, and new carbon-related regulatory measures have intensified cross-market 

volatility and spillovers, underscoring rising systemic interdependence in green financial 

ecosystems. 

Table 2. Static Quantile Connectedness 

Figure 1. Network Connectedness for the Carbon Stocks with Green Bonds returns 

 

                 Dynamic Quantile Connectedness 

We assess how dynamic quantile connectedness evolves. Using a rolling window of 200 

days and a forecast horizon of 20 days, we estimate the time-varying connectedness 

measures between carbon price indices and green bond markets. Experiments with 

alternative window lengths and forecast horizons confirmed the robustness of our results, 

which are available upon request. 

Figure 2 shows total connectedness is highly time-dependent, with four distinct spikes of 

elevated interdependence. The first major spike aligns with the outbreak of the COVID-

19 pandemic in early 2020, which introduced unprecedented market uncertainty. The 

second surge corresponds to the Russia–Ukraine conflict beginning in February 2022, 

which led to volatility in energy and carbon markets. The third increase appears in early 

2023, coinciding with regulatory tightening around green finance and heightened 

scrutiny of green bond verification standards. Most notably, our updated dataset reveals a 

fourth wave of elevated connectedness in Q4 2024, aligning with the Red Sea shipping 

crisis, escalating China-US green trade tensions, and new carbon-related supply chain 

regulations. This late 2024 episode underscores how geopolitical and policy shocks can 

propagate across sustainable finance instruments, even in globally segmented markets. 

These findings align with prior research, such as Umar et al. (2021), which documented 

elevated connectedness between stock markets and commodities during global crises. 

Notably, after these episodes of high connectedness, the total measure gradually reverts 

to lower levels, suggesting that these shocks are not persistent. To explore the evolution 

of connectedness across all quantiles, we refer to Figure 3, which provides a quantile-

level heat map of connectedness over time. The Q4 2024 surge is especially pronounced 

in the lower and upper quantiles, reflecting tail risk contagion—similar to earlier crises. 

These findings reinforce the view that carbon and green bond markets are increasingly 

susceptible to synchronized shocks during turbulent periods, with limited potential for 

hedging or diversification under stress. The figures show that the systemic linkage 

between carbon and green bond markets is state-dependent, event-triggered, and 

nonlinear across quantiles, making a case for quantile-specific policy stress testing. For 

more context on late-2024 developments, see Reuters' (2024) coverage of green-tech 

trade tensions and carbon supply chain regulation. 

Figure 2. Total Dynamic Quantile Connectedness (0.50 quantile) between Carbon Price Indices and 

Green Bond Markets.  
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Figure 3. Heat Map of Quantile Dynamic Connectedness. 

  

                 Higher Moments Quantile Connectedness 

Using the quantile framework, this section examines the volatility connectedness across 

carbon price indices and green bond markets. The results are presented in Table 3 (Panels A–

C). Our updated findings reveal that total volatility connectedness is moderate at the median 

quantile (51.93%), but significantly intensifies in the tails: 66.88% in the lower tail (0.025) 

and 64.45% in the upper tail (0.75). This pattern confirms that volatility spillovers are 

substantially stronger during periods of extreme return behavior, echoing the presence of 

contagion and herding effects, consistent with Londono (2019). 

The Bloomberg U.S. Green Bond Index (US) notably emerges as a net transmitter of 

volatility, in contrast to the return-level analysis. This highlights that the US green bond 

market contributes more to systemic risk in volatile environments—possibly due to its 

exposure to monetary policy shocks and deeper integration into global capital markets. 

Conversely, the EU and CN green bond indices remain net receivers of volatility, suggesting 

a more stable behavior under stress. 

Across all quantile levels, carbon indices (ICEUS, ICEEU, GC, SC) consistently act as net 

transmitters of volatility, underscoring their central role in driving instability, especially in 

the presence of emissions market shocks or regulatory changes. During late 2024, supply 

chain disruptions and green policy shifts in the EU and Asia have amplified cross-market 

volatility transmission. 

Importantly, the TCI at the volatility level is now higher than at the return level across all 

quantiles—reinforcing the importance of modeling higher moments to understand systemic 

fragility. The increase in TCI values relative to the earlier April 2024 version reflects the 

incorporation of high-volatility market events from Q4 2024, further validating the 

robustness of the quantile volatility spillover framework. 

 

Table 3. Higher Moments Quantile Connectedness 

 

 

5  Conclusions 

This study advances the literature by offering a comprehensive global perspective on the 

interdependencies between carbon pricing instruments and green bond markets, using a 

robust quantile-based connectedness framework. Distinctively, it captures both return and 

volatility spillovers across the full distribution of market returns, encompassing static and 

dynamic dimensions, and includes data through December 2024—thereby integrating pivotal 

recent events such as the Red Sea shipping crisis, China-US green-tech tensions and evolving 

carbon-related regulatory shifts. 

Our findings underscore that carbon price indices consistently act as net shock transmitters, 

while green bond markets serve as net receivers, particularly under stress. Notably, total 

connectedness intensified during systemic disruptions like COVID-19, the Russia–Ukraine 

war, and late-2024 geopolitical and supply chain upheavals. The quantile-based analysis 

reveals pronounced spillovers at both distributional tails, emphasizing that extreme market 

conditions exacerbate cross-asset interdependence. This diminishes the diversification value 

of carbon-linked assets during crises. 

These insights hold critical implications. Investors can enhance hedging strategies by 

accounting for asymmetric shock transmission, while policymakers should closely monitor 

carbon–green bond interactions to mitigate systemic risks. As global economies transition to 
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low-carbon pathways, managing financial contagion becomes imperative for preserving 

stability. 

While our model captures nonlinear systemic dynamics, it does not offer granular causal 

attribution to specific events. Future research should incorporate event study designs, local 

projections, or quasi-experimental methods to deepen causal inferences. Additionally, 

expanding the framework to include broader ESG dimensions could further enrich our 

understanding of the evolving architecture of sustainable finance. 
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Tables and Figures 
 

             Table 1: Summary Statistics 

  ICEUS ICEEU GC      SC US  EU          CN 

Mean 0.00324 0.00287 0.00408 0.00278 0.00250 0.00218 0.00223 

Median 0.00295 0.00216 0.00318 0.00212 0.00233 0.00201 0.00208 

Maximum 0.08647 0.07533 0.09225 0.07914 0.06345 0.06003 0.05832 

Minimum -0.03789 -0.03121 -0.04653 -0.03874 -0.02892 -0.02153 -0.02302 

Std. Dev. 0.00821 0.00714 0.00809 0.00725 0.00704 0.00588 0.00634 

Skewness 0.2582 0.24030 0.32140 0.28910 0.31280 0.20872 0.19651 

Kurtosis 6.48760 5.93240 7.54471 6.94180 5.13521 4.80340 4.67712 
Note: This table depicts the carbon price data and green bond indices. The data is retrieved from the 

Bloomberg database. 

 

Table 2: Static Quantile Connectedness 

Panel A. Carbon Stocks Connectedness with Green Bonds at 0.50 Quantile (Median) 
 US Green  EU Green  CN Green  ICEUS ICEEU GC SC FROM 

US Green 76.12 5.55 4.88 3.35 3.10 2.80 3.20 23.88 

EU Green 3.90 72.41 11.45 3.00 3.20 3.05 3.10 27.59 

CN Green 4.00 11.62 73.82 2.15 2.60 2.25 3.55 26.18 

ICEUS 2.20 2.01 1.60 58.45 12.40 12.10 11.25 41.55 

ICEEU 1.35 2.00 1.75 12.35 50.48 16.68 15.15 49.52 

GC 1.60 2.10 1.70 12.20 16.30 52.31 13.79 47.69 

SC 2.10 2.00 2.05 11.25 15.40 14.15 53.05 46.95 

TO 15.15 25.28 23.43 44.30 54.00 51.60 50.04 274.64 

Incl. Own 91.27 97.69 97.25 102.75 104.48 103.91 103.09 TCI 

NET -8.73 -2.31 -2.75 2.76 4.48 3.91 3.09 44.87 

Panel B. Carbon Stocks Connectedness with Green Bonds at 0.025 Quantile (Upper-tail) 
 US Green  EU Green  CN Green  ICEUS ICEEU GC SC FROM 

US Green  57.25 9.01 9.31 5.55 6.20 6.41 6.27 42.75 

EU Green  8.45 55.18 15.47 4.58 5.80 6.35 5.17 44.82 

CN Green  9.21 15.71 55.11 4.40 5.60 5.40 5.57 44.89 

ICEUS 4.05 3.93 3.64 46.91 14.82 14.27 12.38 53.09 

ICEEU 4.30 4.85 4.11 13.55 40.08 17.23 16.34 59.92 

GC 4.58 5.09 4.01 13.57 17.40 40.94 15.41 59.06 

SC 4.72 4.74 4.94 12.28 16.92 15.65 40.75 59.25 

TO 35.36 43.33 41.48 53.71 66.74 65.71 61.14 384.47 

Incl. Own 92.61 98.51 96.59 100.62 106.82 106.65 101.89 TCI 

NET -7.39 -1.49 -3.41 0.62 6.82 6.65 2.89 64.92 

Panel C. Carbon Stocks Connectedness with Green Bonds at 0.75 Quantile (Lower-tail) 
 US Green  EU Green  CN Green  ICEUS ICEEU GC SC FROM 

US Green  55.98 9.79 9.82 5.40 6.02 6.18 6.81 44.02 

EU Green  8.65 53.95 15.62 4.33 6.09 6.47 5.00 46.05 

CN Green  9.24 16.18 53.65 4.20 4.88 5.09 6.76 46.35 

ICEUS 4.00 3.84 3.62 46.91 14.15 14.73 13.20 53.09 

ICEEU 4.18 4.69 4.12 13.50 39.73 17.30 16.63 60.27 

GC 4.48 4.91 4.35 13.72 17.20 40.83 16.04 59.17 

SC 4.58 4.88 5.04 12.80 17.01 15.91 39.78 60.22 

TO 35.13 44.30 42.57 54.95 65.35 66.41 64.44 386.66 

Incl. Own 91.11 98.25 96.22 101.86 105.08 107.24 104.22 TCI 

NET -8.89 -1.75 -3.78 1.86 5.08 7.24 4.22 63.15 
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 Table 3: Higher Moments Quantile Connectedness 

Panel A. Carbon Stocks Connectedness with Green Bonds at 0.50 Quantile (Median) 

 US 

Green  

EU 

Green  

CN 

Green  
ICEUS ICEEU GC SC FROM 

US Green 63.84 5.33 8.71 6.19 5.42 6.71 5.80 36.16 

EU Green 7.13 56.12 10.43 8.14 6.28 7.42 6.48 43.88 

CN Green 8.01 8.85 66.17 3.91 5.04 5.39 4.26 33.83 

ICEUS 4.15 2.87 2.68 62.40 12.40 10.98 8.37 37.60 

ICEEU 3.35 2.21 3.79 14.45 53.87 13.54 12.89 46.13 

GC 4.95 3.20 5.81 11.41 14.45 52.56 9.63 47.44 

SC 6.31 4.49 5.48 8.73 15.09 11.84 52.06 47.94 

TO 34.89 26.95 36.90 52.83 58.68 55.88 47.43 319.40 

Incl. Own 98.73 83.07 103.07 115.23 112.55 108.44 99.49 TCI 

NET -1.27 -16.93 3.07 15.23 12.55 8.44 -0.51 51.93 

Panel B. Carbon Stocks Connectedness with Green Bonds at 0.025 Quantile (Upper-tail) 

 US 

Green  

EU 

Green  

CN 

Green  
ICEUS ICEEU GC SC FROM 

US Green  50.83 8.51 11.42 8.51 7.68 8.24 7.33 49.17 

EU Green  8.27 46.33 13.01 10.41 8.58 9.34 9.59 53.67 

CN Green  11.38 9.82 58.31 5.52 6.89 6.83 6.05 41.69 

ICEUS 7.18 4.62 5.11 55.57 12.11 11.47 9.40 44.43 

ICEEU 6.89 4.17 4.81 16.09 47.15 15.02 14.10 52.85 

GC 8.47 4.90 7.42 12.12 15.51 44.13 14.21 55.87 

SC 8.02 5.23 9.18 9.54 14.32 13.24 40.47 59.53 

TO 50.19 37.25 51.95 62.19 64.09 63.14 60.68 396.17 

Incl. Own 101.02 83.58 110.26 117.76 111.24 107.27 101.15 TCI 

NET -1.02 -16.42 10.26 17.76 11.24 7.27 1.15 66.88 

Panel C. Carbon Stocks Connectedness with Green Bonds at 0.75 Quantile (Lower-tail) 

  
US 

Green  

EU 

Green  

CN 

Green  
ICEUS ICEEU GC SC FROM 

US Green  52.69 9.28 12.71 8.36 6.48 7.41 7.07 47.31 

EU Green  7.42 50.24 12.62 8.62 7.89 7.38 9.83 49.76 

CN Green  9.42 10.26 60.27 5.71 5.91 5.79 8.06 39.73 

ICEUS 6.33 3.74 6.37 54.68 12.87 11.68 10.15 45.32 

ICEEU 5.36 3.58 5.32 14.24 47.52 14.15 15.13 52.48 

GC 7.54 4.08 6.91 12.28 15.61 45.08 14.04 54.92 

SC 6.84 6.32 7.51 9.63 14.37 13.59 41.74 58.26 

TO 42.91 37.26 51.44 59.84 62.13 59.98 64.28 380.69 

Incl. Own 95.6 87.5 111.7 114.52 109.65 105.06 106.02 TCI 

NET -4.4 -12.5 11.7 14.52 9.65 5.06 6.02 64.45 
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Figure 1. Network Connectedness among the Carbon Stocks with Green Bonds returns  

   

 
Figure 2. Total Dynamic Quantile Connectedness (0.50 quantile) between Carbon Price Indices 

and Green Bond Markets.  

Note: Four major spikes are observed: COVID-19 (2020), Russia–Ukraine war (2022), regulatory 

tightening (2023), and late-2024 disruptions, including Red Sea crisis and green-tech trade shocks. 

—the period covered from July 2019 to December 2024. 
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Figure 3. Heat Map of Quantile Dynamic Connectedness.  

Note: Higher connectedness appears across tail quantiles during the same four periods, especially 

in Q4 2024, suggesting pronounced tail-risk contagion under extreme market events—the period 

covered from July 2019 to December 2024. 

 
 

 


