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This study investigates the connectedness between the clean energy and Australian
electricity markets from May 2005 to December 2020. Using time-varying parameter
vector autoregressions, we find weak connectedness between the clean energy and
Australian electricity markets. The weak connectedness of the clean energy markets to
the electricity markets illustrates the diversification potential of clean energy for
Australian electricity markets. We cite several implications for policymakers, regulatory

bodies, investors, and market participants.

I. Introduction

The rapid expansion of sustainable development and
clean energy market has increased the interest of both
scholars and practitioners (Taghizadeh-Hesary & Yoshino,
2019). The sharp boost in the clean energy market and
its substantial impact on overall financial markets has at-
tracted the attention of investors and policymakers. In-
vestors are now attracted to clean and green energy invest-
ments that offer significant diversification potential and
a moderate level of risk, to avoid financial losses during
volatile times. Earlier empirical studies (e.g., Albulescu et
al., 2020; Elsayed et al., 2020; Liu & Hamori, 2021) have in-
vestigated the prospective benefits of the clean energy mar-
ket through various methodologies, with unequivocal out-
comes. In addition, the challenges of businesses acquiring
renewable and clean energy resources have remained con-
siderable among regulators, financial market participants,
and policymakers.

Among regulators, the Australian Energy Market Oper-
ator is currently operating six national electricity markets
in Australia. The Australian economy’s heavy reliance upon
fossil fuels and nonrenewable energy sources has raised the
dual concerns of insufficient supply and climate change.
Musa et al. (2018) document that the world’s oil and gas re-
serves will be depleted by the middle of this century, with
coal reserves projected to be drained 60 years later. Tran-
sitioning from nonrenewables to renewables and clean en-
ergy sources has been a focus for the Australian Energy
Market Operator (Do et al., 2020). Carbon policy is an at-
tempt to achieve the goal of transitioning from fossil fuel to
lower-carbon electricity production (Apergis et al., 2020). Li
et al. (2020) report that Australia’s total energy consump-

tion from renewables is only 6%, with 86.3% of the coun-
try’s electricity generated from fossil fuels.

Against this background, this study strives to examine
the connectedness between clean energy and five Aus-
tralian electricity markets from May 2005 to December
2020, using time-varying parameter vector autoregression
(TVP-VAR). TVP-VAR techniques provide two benefits.
First, they reveal the markets’ system-wide net connect-
edness; second, they specify time-varying characteristics
to assess the potential impact of financial contagion on
the overall system of markets. This study contributes to
this literature strand by measuring the connectedness be-
tween the clean energy and Australian electricity markets
using a TVP-VAR model and offers meaningful implications
for policymakers, regulators, and investors. We find weaker
connectedness between the clean energy and Australian
electricity markets, where Victoria and New South Wales
(NSW) are net contributors of spillovers, while Queensland
(QLD), Tasmania (TAS), and South Australia (SA) are net
recipients. The pairwise connectedness of the clean energy
market with electricity markets proposes that the inclusion
of this investment tool in portfolios has considerable diver-
sification potential for investors, to minimize risk during
uncertain economic conditions.

The remainder of the paper proceeds as follows. Section
IT presents the data and empirical methods. Section III
elaborates upon the empirical results. Finally, Section IV
concludes the paper with policy recommendations.
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Table 1. Descriptive statistics

SPCL NSW QLD SA TAS VIC
Mean -0.004 0.082 0.018 -0.037 -0.103 0.068
Median 0.052 -0.412 -0.506 -0.051 -0.059 -0.233
Maximum 18.093 406.415 404.539 439.786 421.499 591.573
Minimum -14.973 -403.291 -414.325 -622.624 -368.362 -530.013
Std. Dev. 1.748 32.794 37.679 52.404 33.665 34.955
Skewness -0.563 -0.338 -0.168 -0.075 -0.160 0.377
Kurtosis 16.193 46.678 30.969 22.239 28.295 47.751
Jarque-Bera 40803.692 44414472 18210244 86152.372 148950.82 466247.82
Corr_SPCL 1.000 0.008 0.003 0.020 -0.002 0.015
Observations 5586 5586 5586 5586 5586 5586

This table shows the descriptive statistics. Note that “a” indicates significance at 1%.

II. Data and empirical methods
A. Data and preliminary statistics

To examine the time-varying parameters of the clean
energy and Australian electricity markets, we utilize data
from May 2005 to December 2020 on Standard & Poor’s
Clean Energy (SPCL), sourced from Datastream, and five
Australian national electricity markets, namely, NSW, QLD,
SA, TAS, and Victoria (VIC), obtained from the National
Electricity Market website. For estimation purposes, the
daily prices of electricity markets are converted to log-dif-
ferenced returns. Table 1 presents descriptive statistics of
the clean energy and Australian electricity markets where
NSW and VIC show the highest mean values and QLD
shows a modest average value. Alternatively, SA, TAS, and
SPCL exhibit negative average values. The greatest variabil-
ity in returns is observed for SA, followed by QLD, VIC,
TAS, and NSW. Meanwhile, SPCL reports the least volatility
in average returns. The Jarque-Bera test reveals abnormal
values indicating that the markets are not normally distrib-
uted and have asymmetric characteristics. Further, the cor-
relation analysis of SPCL with electricity markets exhibits
the highest correlation with SA, followed by VIC, whereas
the lowest correlations are observed for NSW, QLD, and
TAS.

B. Empirical method

To examine the connectedness between the clean energy
and Australian electricity markets, we use the TVP-VAR
model of Primiceri (2005), which was later extended by An-
tonakakis & Gabauer (2017). This model determines the
possible changes in the connectedness of the markets to
demonstrate whether the linear structure is derived from
the probability of the shocks or from the extension of the
change mechanism (response). The model also has the
unique ability to identify potential structural breaks and
substantially explains the relations among the variables.
The model is stated as follows:

Yt =Bot + B1ayt-1+ - .. 1)
+ Bpiyi—p + us + X;0; + wy,
ng = [1,y£,1,--.,y;,p] (2)

where y; is an nx1 vector for the dependent variable,
Bot- - .p¢ denotes nxn time-varying coefficients that are
rewritten as the ©; matrix, X; represents an nxk matrix
comprising the intercepts and lags of the time-dependent
variables, and u;, denotes structural shocks with an nx1
heteroskedastic distribution term with a zero mean and a
time-varying variance-covariance matrix ;. Given the log-
differenced returns of SPCL and the electricity markets, the
variance—covariance matrix is segregated as

Q= M, Hy(M; ) (3)
where M, shows the simultaneous relations between the
variables and H; represents stochastic connectedness.
Moreover, the transitions in the time-varying parameters
are observed to be as follows:

©; =01+,
v ~ N(0,S) )
o = a1 + &,
5
&~ N(0,Q) (5)
Inh;y =Inhy 1 + oinig, (6)
it ~ N(0,1)

where Egs. (4) and (5) estimate the time-varying parame-
ters following a random walk process and Eq. (6) examines
stochastic connectedness following the independent ran-
dom walk. Primiceri (2005) proposes that the coefficients
among the variables change independently, to simplify the
inference and increase the efficiency of the estimates. The
main equation error term is thus determined to be indepen-
dent of the transition equation.

II1. Empirical results

Table 2 presents the connectedness of the clean energy
and Australian electricity markets from May 2005 to De-
cember 2020, where system-wide connectedness is reported
at 31.20%, with VIC and NSW as the net transmitters of
spillovers. Conversely, TAS, QLD, SPCL, and SA are the net
recipients of spillovers. The strong connectedness of VIC
and NSW reveals their maximum electricity generation ca-
pacity and the closer geographical locations of both mar-
kets. In line with Yan & Triick (2020), Han et al. (2020),
and Apergis et al. (2020), the physical interconnectors, ge-
ographical proximity, and highest electricity generation ca-
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Table 2. Connectedness Table

SPCL NSW QLD SA TAS VIC FROM
SPCL 94.4 1 1.3 0.9 1.2 1 5.6
NSW 0.5 56.9 16.4 8 33 14.9 43.1
QLD 0.7 18.8 68.9 3.6 1.9 6.1 311
SA 0.5 77 3 60.2 4.2 243 39.8
TAS 1 4.4 2 5.6 78.1 8.9 21.9
VIC 0.5 12.9 4.8 217 6.1 54 46
Contribution TO others 3.3 44.9 27.7 39.7 16.8 55.2 187.5
NET directional connectedness -2.3 1.8 -34 -0.1 -5.1 9.2 TCl=31.20%

pacity of these markets result in the formation of strong
spillover to other markets. Moreover, the negative values of
net connectedness point to the power generation capacity
of the respective electricity markets, as contended by Aper-
gis et al. (2020), where juvenile electricity markets are the
least connected within a system. The weakest connected-
ness of SPCL to the electricity markets highlights its di-
versification potential for the electricity markets of Aus-
tralia. Consistent with the work of Elsayed et al. (2020),
SPCL mainly receives the spillover from various energy and
global financial markets, with significant portfolio implica-
tions for investors.

Figure 1 graphically illustrates the system-wide connect-
edness between the clean energy and Australian electricity
markets. The dynamic connectedness highlights that
spillovers are sensitive to crisis periods and exhibit time-
varying attributes, with significant spikes representing pe-
riods of economic stress. Accordingly, the troughs in the
graph show the return of markets to normal conditions. The
initially skewed point in the graph shows the higher con-
nectedness of markets during 2006—-2007, a drought period
when the Australian electricity markets experienced ex-
treme electricity demands in the hot summer season, caus-
ing a peak in the graph (Apergis et al., 2020; Finkele et al.,
2006). The drought condition during this initial spike in-
creased electricity consumption and relevant electricity de-
mands in Australia (Apergis et al., 2019). As weather con-
ditions return to normal, the electricity markets tend to
normalize, which decreased the connectedness among the
markets. Correspondingly, the sharp rise in the graph dur-
ing 2007-2008 results from the global financial crisis, when
the economic downturn caused the clean energy and elec-
tricity markets to be highly connected. Similarly, the spike
during 2011-2013 indicates the flood situation in QLD (Bo-
hensky & Leitch, 2014), which drastically affected the sys-
tem’s overall connectedness. The subsequent spike in con-
nectedness indicates the carbon scheme during 2012-2014,
which directed power generators to replace dirty energy
with clean and renewable energy sources (Do et al., 2020).
The spike during 2012-2014 was due to the sudden news of
the proposed carbon policy, which generated high spillover
and strong connectedness among the markets (Apergis et
al., 2017).

At the same time, the large spike in the graph of Figure 1
during 2017 reflects the closure of several coal-fired power

2010

Figure 1. Total connectedness

This figure shows time-varying connectedness.

plants in the Australian electricity markets (Han et al.,
2020). Their sudden shutdown increased the connectedness
of the markets, consistent with the findings of Apergis et
al. (2019). Finally, the last spike in the graph indicates the
onset of the recent ongoing COVID-19 pandemic, which re-
sulted in the higher connectedness of the markets. In par-
allel with the study of Naeem & Karim (2021), we find that
the global COVID-19 pandemic has caused greater connect-
edness among the markets, exhibiting the global economic
shock.

Figure 2 depicts the total net connectedness of the clean
energy and Australian electricity markets, reiterating the
findings reported in Table 2. As shown in the figure, VIC
and NSW are the net contributors of spillovers among the
markets, due to their close geographies, high power gener-
ation, and maximum alternate sources of energy for gener-
ating power (Ignatieva & Triick, 2016; Manner et al., 2019).
On the other hand, TAS, QLD, SA, and SPCL are the net
receivers of spillovers. The net recipient attributes of Aus-
tralian markets suggest that these markets rely on one or
two power generation sources and do not generate suffi-
cient power, compared to VIC and NSW (Han et al., 2020).
Similarly, SPCL is also a net receiver of spillovers, which
aligns with the work of Albulescu et al. (2020), who report
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Figure 2. Total NET connectedness

This figure shows time-varying NET connectedness.

weaker connectedness between the clean energy market
and other markets.

Figure 3 presents the pairwise connectedness of the
clean energy market and the five Australian electricity mar-
kets. Interestingly, the spillovers of the clean energy market
to the electricity markets are mainly lower, which indicates
the diversification potential of the clean energy market for
the Australian electricity markets. In line with the study
of Liu & Hamori (2021), the clean energy market provides
diversification benefits, implying several recommendations
and portfolio management strategies for investors.

IV. Conclusion

This study examines the connectedness between the
clean energy and Australian electricity markets using a
TVP-VAR approach from May 2005 to December 2020. We
find that VIC and NSW are the net transmitters of
spillovers, whereas TAS, QLD, SA, and SPCL are the net re-
cipients of spillovers. The time-varying dynamic analysis
confirms the financial contagion impact on system-wide
connectedness, with higher connectedness during periods
of significant stress. Furthermore, the pairwise connect-
edness of the clean energy market with other electricity
markets demonstrates its diversification potential for Aus-
tralian markets, with substantial portfolio strategies for in-
vestors.

Our findings are important for policymakers, the na-
tional electricity market, investors, and financial institu-
tions in terms of using clean energy as an alternate invest-
ment tool to take advantage of its diversification potential.
Meanwhile, the time-varying connectedness of markets
during several periods of stress has implications for in-
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vestors to rationally consider portfolio diversification
strategies in the face of economic, financial, and political
uncertainty.

The current research presents future avenues for re-
searchers to include financial markets in the portfolios of
energy markets to assess various aspects of their intercon-
nectedness.
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Figure 3. Pairwise connectedness between clean energy and Australian electricity markets

This figure shows pairwise time-varying connectedness of clean energy and Australian Electricity Markets.
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