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The numerous studies have examined the relationship between carbon
markets and stock markets at the aggregated market level.

For the research between carbon market and other markets, the current literature mainly focus on the

following aspects:

€ Carbon price was driven by energy price, and there were significant spillovers between carbon and
energy markets. (Gong et al,, 2021, Zhang and Sun, 2016; Wu et al., 2020)

€ The stock market has had a significant impact on the EU carbon market.(Zhang et al., 2022) In addition,
there were literatures on the impact of carbon markets on stock markets in different countries. (Luo
and Wu, 2016)

€ While some studies have investigated the linkage between carbon market and sector stock markets,
these studies have focused on clean energy or power sector stocks. There was a strong information
interdependence between carbon prices and stock markets for electricity and clean energy. (Ji et al,,
2019, Ding et al., 2022)



Scholars have concentrated on the spillovers between carbon and
other markets in time domain.

)

Current research methods of the relationship between markets are mainly divided into the following categories:

@ Based on the traditional cointegration equation and vector autoregression (VAR) model, one strand of
research has investigated the dynamic linkages, causality, contagion, and co-movement between markets. The
studies on this subject were mostly in time domain. (Zeng et al.,, 2021;Gong et al., 2021; Wu et al., 2020)

& Based on the multivariate GARCH model (BEKK-GARCH,DCC-GARCH, etc.) model, another strand of studies
has examined the volatility spillover effects between markets. (Zhang and Sun, 2016; Zhao et al., 2023; Zeng et
al., 2021)

€ Wavelet coherence have been widely used to analyze interdependence between markets in the time-
frequency domain. (Meng et al., 2022; Cui et al., 2021)

® Diebold and Yilmaz (2012) and Barunik and Krehlik (2018) have been widely used to analyze risk spillovers
between markets. The models can capture time-varying, directional and quantitative spillovers, and can

analyze risk spillovers in frequency domain. (Wang and Guo, 2018; Adekoya et al., 2021; Ding et al., 2022)



Literature review

Literature review :

@ Few literature have evaluated the relationship among carbon, energy and stock markets at the level of
segmented stock industry. The heterogeneity at the sector level is indispensable to abundant
portfolio strategies.

€ Due to the heterogeneity of the diverse market participants, it is necessary to explore the risk spillovers
between markets in frequency domain.

Hypothesis:

€ H1: There is a strong connectedness among the carbon, energy and industry stock markets.

€ H2: There is frequency-domain heterogeneity in the spillovers among carbon, energy and industry
stock markets.

€ H3: The crisis events affect the spillovers among carbon, energy and industry stock markets.

This paper investigates the time-frequency
dependence and risk connectedness among
carbon, energy and industry stock markets

This paper systematically explores the

among carbon, energy and industry
stock markets.

using the wavelet coherence, Diebold and
Yilmaz (2012) and Barunik and Krehlik (2018)
methods.
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Wavelet coherence

wavelet coherence :

» Continuous wavelet transform (CWT) IS(s W ( ))lz
S T,S
Continuous wavelet transform uses wavelet basis function to R%*(z,s) = — = —
S(s™H Wa (T, sNNS(s7{Wy, (7, 5))|)

decompose data into wavelet coefficients of different scales. .
» Wavelet phase difference

1 t—1
v (t) = :
7,5 (t) \/El/J( ) wavelet phase
. . . . _ -1 I(Wx(T,S)) _
where 7 is a translation parameter,, s is a scaling factor. ¢, = tan (—R(W (TS))) , ¢y € [—, 7]
continuous wavelet transform: wavelet phase difference:

Wy (t,s)=[__ x(t);s (t)dt [(Wyy (1,5))

R(Wyy(z,5))

» Wavelet coherence
(U,E),y(t) leads x (t)

cross-wavelet transform:
(E,n),x(t) leads y (t)

(_ g, (]) ,x(t) leads y (t)

(—n’, — g) ,y(t) leads x (t)

) &x € [-m,7]
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Wy (T,5) = Wy (1,5)W,/ (7, 5)




Time connectedness approach

Diebold and Yilmaz (2012) quantifies spillovers. (3)net spillovers: are simply the difference between
» GFEVD the gross shocks transmitted to and those received
the moving average form of VAR model: from all other markets.
Xt = XizoAi €~ S{ (H) = S3(H) — S (H)
GFEVD: o' T e s <
05 (H) = =R~ ' 5 68 (H) (4)net pairwise spillovers : provide summary
= h€i =1
> Diebold and Yilmaz (2012) information about how much each market
(1)total spillovers: measure the contribution of spillovers of shocks contributes to the volatility in other markets, in net
across markets to the total forecast error variance. terms.
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(2)directional spillovers: measure the directional spillovers received k=1 Jk=1
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Frequency connectedness approach

Barunik and Krehlik (2018) quantifies spillovers in the frequency
domain.
the moving-average specification of the VAR process:

Kr — T(L)Ef
GFEVD:

H 2
GEL’I Zb—ﬂ ((‘P;‘TZ)!’E)

H
Zb—u (¥R,

(Or);p =

» Barunik and Krehlik(2018)
frequency response function (FRF):
W{E“""*’} _ zhe—iwh[ph

generalized causation spectrum over the frequencies:
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Fig.1. Dynamics of carbon, energy and stock price index returns.



Descriptive statistics and correlations

Table 2. Summary descriptive statistics and unit root tests.
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‘ Wavelet coherence
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Fig.3. Wavelet coherence among carbon, energy and stock markets.
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» The dependence among

carbon, energy and stock
markets is mainly strong at a
long-term scale.

The carbon market presents
low coherence with the
energy and stock markets,
while the dependence
between crude oil market

and stock market is relatively
high.

» The COVID-19 intensified the

dependence.



Static spillovers
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‘ Time-frequency spillovers

(a) TSI

(b) Frequency S:1~5 days
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Net-pairwise spillovers
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Dynamic net pairwise spillovers
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Fig.10. Dynamic net-pairwise frequency spillovers.
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Carbon market has a weaker impact on fossil energy
markets. In the fossil energy market, the crude oil market
has a strong influence on the carbon market.

Carbon market is a recipient of net connectedness from
other sectors in the stock market. Energy-intensive and
financial industries are most influential in the
connectedness of the EUA future price.

e = = Taple 4. Summary statistics of dynamic net-pairwise spillovers.

mean std Dev P
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Rolling-window analysis

S -| ®m Rolling window-200
E Rolling window-150
O Rolling window-175
H Rolling window—-225
O Rolling window-250
2 -

'

|

2

Hanh,

B M Ay K J\ Y
8 1 FIFanS el ) Sy ek AN h"w
U Ww , 5 wg W
1 I
° I | [ [ I |
2012 2014 2016 2018 2020 2022

Fig.11. Robustness check-rolling window size.

Table 5. Summary statistics of dynamic total spillovers.

Rolling window

TSI

150 days
175 days
200 days
225 days
250 days

81.734 (4.018)
81.499 (3.975)
81.357 (3.882)
81.274 (3.792)
81.219 (3.720)
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‘ Conclusions

The dependence among carbon, energy and stock markets is mainly
Hypothesis:

strong on a long-term scale.
€ H1: There is a strong

connectedness among The total return spillover index is 79.38%, indicating higher connectedness

among carbon, energy and stock markets. The net spillover analysis shows
that the main net recipients of return spillovers are carbon (-27.33%) and
oil markets (-37.09%), while industrial products and services (27.52%) and

¢ H2: There is frequency- O financial services sector (22.85%) are major source of risk spillover.

the carbon, energy and

industry stock markets.

domain heterogeneity in
the spillovers among

carbon energy and

] : : : o : o
industry stock markets. The short-term total spillover index is 61.88%, accounting for 78% of the
- total connectedness. The total risk connectedness among markets is
¢ H3: The crisis events mainly transmitted on shorter time-horizons.

affect spillovers among

carbon, energy and

industry equity markets. The major international crisis events, such as the European sovereign
O debt crisis, Brexit referendum, and the COVID-19 pandemic have greatly
intensified the risk spillover magnitude.
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