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Introduction
This part will introduce the research purpose and significance
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Energy Development
Introduction to clean energy and fossil fuel Projects

Investing in Green
For mitigating environmental degradation
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2
Figure 1 :investment size of fossil fuels and renewables
Note: data is sourced from IEA, Available
online: https://www.iea.org/data-andstatistics/data-product/world-energyinvestment-2021-datafile#overview .
(Accessed on 2 May 2021]).

Building new renewables capacity project
Investments in fuel supply and power
Traditional Financings
stock

bond

Financial support
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Green bonds (GB)

Introduction to GB for environmental projects

Introduction to GB
Green bonds (GB) are financial instruments that seek
to mitigate the environmental impact by investing
financial assets in renewable energy projects
1%

Figure 2: the issuances size of the GB market
Note: data sourced from Climate Bonds Initiative
https://www.climatebonds.net/resources/reports
/sustainable-debt-global-state-market-2020.
(Accessed on 2 May 2021).

Bond market

The GB is expected to develop for mobilizing finance
to improve renewables capacity and energy efficiency
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Research Significance
Identify the importance of the GB market.
1. How GB market prices may be impacted by
price oscillations in the energy markets
2. What the changes in the CE and fossil fuel
prices also lead to volatility in GB prices

Research Purpose
1. How the GB market is related to CE stocks and
fossil fuel markets (coal, WTI, NG, etc.)
simultaneously by applying the Bayesian DCCMGARCH model.
2. How the volatility spillover effects between
them are changing in the short-term, medium-term,
and long-term horizons using the frequency
connectedness method (Baruník and Křehlík, 2018)

The contribution of this study
First: the analysis of changes in the short-term, medium-term, and long-term horizons for the volatility
spillover effects among GB, CE, and fossil fuels.
Second: the new method that combines the Bayesian DCC-MGARCH model and frequency connectedness
method (BK, 2018).
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Data and Method
The USA market is chosen and two method is used
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Data resource
Introduction to Business Planning Projects

Clean Energy (CE) Market

GB Market

Invesco Wilder Hill Clean Energy Index

fromS&P
S&PU.S.
Dow
Jones GB
Indices
Municipal
Index (2021)

Daily close prices

Daily close prices
From: S&P Dow Jones Indices

WTI and Brent Oil Markets
Daily close prices
From: INSIDER (2021)

01

03

+

02

From: Invesco (2021)
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Others fossil fuels markets
Daily close prices
From: INSIDER (2021)
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Data figure

(a)

(b)

Figure 3: the related variables being studied between 3 January 2019 and 26 February 2021.
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Methods

Introduction to chose the methods process

A

B

C

Bayesian DCC-MGARCH model

Generalized Forecast Error

Tang and Aruga (2022)

Frequency-domain

Variance Decompositions

Consider three errors:

spillover methods

(GFEVD)

1. skew multivariate normal(SMN)

Baruník and Křehlík (2018)

Diebold and Yilmaz (2012)

2. skew multivariate student T(SMST)
3. skew multivariate generalized error
distribution(SMGED)

03
P A R T
T H R E E

Results and Discussion
The results of correlation and valotility is shown and discussed
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Result 1: the heat map of a visual correlation matrix
Introduction to the used GB, clean energy, fossil fuels market

Explanation for heat map
The magnitude of the correlation is indicated by the color
intensity of the shaded boxes and the red color shows a positive
correlation, while the blue color presents a negative correlation.

Analysis one
The map shows a strong positive correlation among WTI, coal, NG,
HO, and gasoline, but a negative correlation is observed between
Brent and other market assets.

Analysis two
It would be worthwhile to note that GB has a negative correlation
with WTI, NG, HO, and gasoline and a positive correlation with
coal and the CE stock market.

Figure 4: the heat map of a visual correlation matrix
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Result 2: Bayesian estimation of DCC-MGARCH model
Introduction to the results of estimating parameter and fitting model information
criteria of AIC, BIC, and DIC

Table 1: Information criteria for all returns and under the SMN, SMST, and SMGED.
Cri.

All return

SMN

SMST

SMGED

AIC

44566.8

42716.43

42611.94

BIC

44749.75

42904.76

42800.27

DIC

44571.85

42709.34

42644.03
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Result 3: MCMC simulations for the model with SMGED
Introduction to MCMC simulations

Table 2 summarizes the results of parameters estimation in the DCC-MGARCH model with the SMGED errors for all returns.
The posterior means, medians, and standard deviation with 2.5% to 97.5% credible intervals are also reported in Table 2.

Table 2: Summary of the MCMC simulations for the model with SMGED
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Analysis for Table 2

Second
Statistical significance at 95% credible
intervals is noted for the conditional
variance parameters and and the sums
of a and b are lower than 1, indicating
that the GARCH effects exist in all returns.
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The correlations among WTI, Brent, GB, and CE
Analysis for figure (a)

(a)

Figure (a) indicates that the correlations between
WTI and Brent are almost positive values
fluctuating from 0 to 0.1 (R1), while the
correlations between GB and CE are almost
negative values (0 to -0.2) (R2).

Analysis for figure (b)

(b)

Figure 5(b) indicates that the relationship
between WTI and GB shows a negative
correlation fluctuating range is 0 to -0.2 (R1), but
the WTI relation to CE is a positive fluctuating
range is 0.2 to 0.4 (R3). However, the correlation
of Brent to GB and CE is vibrating between 0
(Figure 5(b): R2 and R4), indicating that they are
different from that of the WTI to GB and CE.
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The correlations among GB, CE, and fossil fuels
Analysis for figure (c)

(c)

It is worth noting from Figure (c) that except for
the positive relationship between GB and coal
(R1), the relationship between GB and all other
markets is negative and fluctuates between 0 and
-0.2 (R2, R3, and R4).

Analysis for figure (d)

(d)

It is easy to see from Figure (d) that the
relationship between CE and these markets
presents a positive correlation, where the CE
relation to HO (R3) and Gasoline (R4) is greater
than the relation of CE to coal (R1) and NG (R2).
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Correlations among WTI, Brent, and other fossil fuels
Analysis for figure (e)

(e)

Figure (e) indicates that the WTI presents a
strong positive correlation with HO (R3) and
Gasoline (R4), while WTI shows a weaker
positive correlation with coal (R1) and NG (R2).

Analysis for figure (f)

(f)

However, the relation of Brent to coal, NG, HO,
and gasoline presents weaker correlation values
fluctuating range is 0.1 to -0.1 (Figure (f)).
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Result 3: the volatility spillover

Short

Medium

Long
Table 3: The total and net spillover at short-, medium-, and long-term

Notes: Tables 3 display the
overall volatility spillover
among the GBs, CE, and fossil
fuel markets at the short-term
horizons (2-8 days), the
medium-term horizon (8-32
days), and the long-term
horizon (32-512 days),
respectively. Here, ABS and
WTH mean “absolute” and
“within” in the estimated
system respectively.
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The net connectedness

Figure 5: the net risk spillover of shock on short-term, medium-term, and long-term
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The pairwise directional connectedness

(a): Short-term

(b): Medium-term

(c): Long-term

Figure 6: the net pairwise directional connectedness of shock on different frequency bands
Note: The arrow indicates the direction of the spillover effect. The thickness of the line indicates the
size of the net spillover effect.
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Discussion

For
Bayesian model

For
Correlation

For
volatility

Our results suggested that using the

The results further suggested that the

The volatility spillover among the GBs, CE, and fossil

Compared with Brent, WTI has a stronger

Bayesian DCC-MGARCH model with

GBs market has a weakly negative

fuel markets presents the strongest in the short term but

relationship with GBs and CE. Meanwhile, the

the SMGED to estimate the

correlation (0 to -0.2) with the CE

gradually weakens from the medium term to the long

volatility spillover of WTI to the GBs and CE

correlations among the GBs, CE, and

stock market, which means that the

term. Moreover, the GBs are a net volatility receivers

markets is higher than that of Brent in the short-,

fossil fuel yields optimal results, that

CE stock market tends to rise when

from the WTI market and its related markets (HO and

medium-, and long- term horizons, while the

the correlation between them is time-

bond yields fall, and tend to slump

gasoline) in the long- and medium-term , indicating that

volatility among them is higher in the short term,

varying because the values of a + b

when GB yields rise

investors holding GB assets should pay attention to the

gradually decreases in the medium term, and

effects of WTI prices volatility.

disappears in the long term.

shown in Table 4 are less than 1.

For
Crude oil
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Conclusion and
policy implications
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Conclusion and policy implications
Our findings can offer some valuable implications for investors and energy policymakers.
First, the GBs almost have a weakly negative correlation or zero correlation with fossil fuel and CE, suggesting that
the GB market is independent of the CE, and fossil fuel markets. For investors or policymakers, this information indicates
that the GB market has limited influence on the CE and the fossil fuel markets.
Second, given that the GB and CE markets are net volatility receivers from WTI or its related energy markets (HO
and gasoline) in the short term, the result is important for across-market investors to identify which market is the main
risk receiver or transmitter and how the risk spillover of the fossil fuel market to the GBs and CE stock markets changes
at different terms. Thus, policymakers should establish mechanisms to stabilize the WTI market for reducing price
volatility spillover risk, which is not only important for the investor to reduce losses and develop the GB and CE markets
for a sustainable economy.
Third, given that the correlation and volatility spillover of WTI to the GB and CE markets are stronger than those of
Brent in the short term, gradually decrease in the medium term, and disappear in the long term, Hence, in developing the
GBs market, stakeholders should be aware that the awareness of spillover effect of WTI prices is different from that of
Brent prices at different frequencies. Furthermore, policymakers should establish appropriate mechanisms for mitigating
the effect of WTI on GBs market in the short and medium-terms to ensure its issuance prices stability. Such stability is
important to mobilize financing for sustainable investment.
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