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This study delves into the dynamics of energy risk spillovers among G20 countries,
employing a novel energy risk score variable to identify major energy risk transmitters
and receivers. The findings highlight the time-varying nature of these spillovers and
provide valuable insights for policymakers striving to bolster energy security and

implement sustainable energy policies.

I. Introduction

The examination of energy-related risks is essential due
to their profound implications for global economic stability
and environmental sustainability (Tang et al., 2022; Wang
et al., 2024). These risks encompass various factors such as
geopolitical tensions, market volatility, and policy shifts, all
of which can disrupt energy supplies and affect pricing dy-
namics. A thorough understanding of these risks is vital for
devising strategies that mitigate potential adverse impacts
on economies and societies.

This paper primarily aims to investigate the dynamic
connectedness and spillover effects of energy risks among
G20 nations. As major producers and consumers of energy
resources, G20 countries significantly influence the global
energy landscape. In 2022, these nations accounted for ap-
proximately 80% of global energy production and 77% of
global energy consumption (IEA, 2022). Against this back-
drop, this study seeks to contribute to the existing liter-
ature in two key areas. First, it explores the presence of
energy risk spillovers among G20 nations using the inno-
vative energy risk score variable developed by the Lon-
don Stock Exchange Group (LSEG). Second, it employs the
TVP-VAR connectedness methodology, formulated by An-
tonakakis et al. (2020), to measure the fluctuations in en-
ergy risk spillovers over time.

Numerous studies have examined the interconnections
between energy markets and macroeconomic variables (Bal
& Rath, 2015; Wen et al., 2018), highlighting the impact of
geopolitical events and economic crises on energy markets

(Devpura & Narayan, 2020; Mugaloglu et al., 2021). How-
ever, to the best of our knowledge, no prior research has an-
alyzed energy risk spillovers using the TVP-VAR connected-
ness approach.

The empirical results reveal significant energy risk
spillovers among G20 countries. Changes in the connect-
edness measures indicate that these spillover effects are
dynamic and evolve over time. The time-varying connect-
edness measures computed in this study allow for the iden-
tification of energy risk transmitters and receivers, offering
valuable insights into the patterns and dynamics of energy
risk spillovers among nations.

II. Data and Methodology
A. Data

This study estimates the dynamic connectedness and
spillover of energy risks among G20 countries. Quarterly
energy risk score indices from LSEG, covering the period
from 1999Q1 to 2024Q3, were obtained using the Refinitiv
Eikon Datastream (2024) database. These scores evaluate
countries based on factors such as energy policy, low-car-
bon energy initiatives, and energy independence. The en-
ergy risk variable ranges from 0 to 100, where a higher score
signifies a greater level of energy-related risk. Due to data
availability, 19 of the G20 countries were included in the
analysis.1

The energy risk score variables were analyzed in their
natural logarithmic form. Unit root tests on all energy risk
score variables demonstrated that they are stationary at

a Corresponding author email: a.nazif.catik@ege.edu.tr

1 The following countries are included in our analysis: Argentina (ARG), Australia (AUS), Brazil (BRA), Canada (CAN), China (CHN), France
(FRA), Germany (DEU), India (IND), Indonesia (IDN), Italy (ITA), Japan (JPN), Mexico (MEX), Russia (RUS), Saudi Arabia (SAU), South
Africa (ZAF), South Korea (KOR), Turkiye (TUR), United Kingdom (GBR), United States of America (USA).
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first difference; thus, their log first-difference form was uti-
lized for estimation purposes.2

B. Methodology

The TVP-VAR connectedness is the time-varying exten-
sion of Diebold and Yilmaz’s (2014) connectedness, devel-
oped by Antonakakis et al. (2020). The total connectedness
index (TCI) is computed as follows:
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This index measures the degree to which a shock in one
variable spills through other variables. The “total direc-
tional connectedness to others” quantifies the shock trans-
mitted from variable i to all other variables j, calculated as:
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The “total directional connectedness from others” quanti-
fies the overall impact that all variables j have on variable

i when it receives shocks from them. It is computed using
the following formula:

CiosgalH) = X 100 (2)
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The “net total directional connectedness” represents the
net impact of variable i on the network. It is calculated as
the difference between the total directional connectedness
to others and the total directional connectedness from oth-
ers, using the formula:

Cit = Cinje(H) — Cicju(H) 4)
If C; is positive, variable i has a greater impact on the net-
work than the influence it experiences from other variables.
In our case, a positive value of C;; implies that the country
is net energy risk transmitter. On the other hand, a negative
value for C;; indicates that variable i is more exposed to the
effects of the network, rather than influencing it hence it
can be referred as net energy risk receiver.

Cicji(H) = % 100 (3)

III. Results

This section presents the results of connectedness in-
dices obtained from the TVP-VAR model to analyze energy
risk spillovers among G20 countries. The dynamic total
connectedness, plotted in Figure 1, indicates that the ex-
tent of interconnectedness ranges between 50% and 60%,
suggesting substantial energy risk spillovers. The total con-
nectedness is not constant, but rather changes over time.
Total connectedness reached its minimum level in the first
quarter of 2001 at 51.32%, gradually increased to its highest
level in the last quarter of 2005 at 57.88%, and showed a
slight decline during the period of the COVID-19 pandemic.
It is also observed that the invasion of Ukraine by Russia

60

Figure 1. Dynamic connectedness

Note: This figure illustrates the total connectedness results for the entire sample, indi-
cating spillovers in energy risk.

slightly increased the total connectedness among the G20
countries.

Table 1 provides the average values of connectedness
measures for G20 countries, highlighting energy risk trans-
mitters and receivers. It is evident that these countries
maintain strong interconnected relationships, as indicated
by their Total Connectedness Index (TCI) value of 55.94.
The United States, Canada, and France demonstrate the
most significant spillover effects on other nations, with
values of 96.73, 93.84, and 88.11, respectively. Further-
more, the US, France, and Canada are also heavily influ-
enced by other countries, exhibiting values of 71.19, 71.13,
and 70.67, respectively. In terms of averages of net con-
nectedness measures, the United States, Canada, and Japan
emerge as the primary energy risk transmitters within the
network, with net values of 25.54, 23.17, and 21.64, respec-
tively. Conversely, Mexico, Russia, and Turkiye are identi-
fied as the main receivers, with net values of -21, -15.45,
and -12.13, respectively. The time-varying version of the
results in Table 1 is presented in Figure 2.

Figure 3, including the net connectedness of the coun-
tries, provides useful information about the identification
of net energy risk transmitters and receivers within the
G20. The results indicate that Argentina, Canada, France,
Italy, Japan, the UK, and the US are net transmitters,
whereas Brazil, Germany, India, Korea, Mexico, Russia,
Saudi Arabia, and Turkiye are net receivers of energy risk
for the majority of the analysis period. Japan, the US, and
Canada are found to be major energy risk transmitters. For
the US, the invasion of Iraq in response to the September
11 attacks and the recent Shale Revolution, which led to a
substantial increase in tight oil and gas production and re-
serves, might have contributed to the transmission of en-
ergy risk to other nations. For Japan, the 2011 Fukushima

2 The results of unit root tests are available upon request from the corresponding author.
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Table 1. Dynamic connectedness
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ARG AUS BRA CAN CHN FRA DEU IND IDN ITA JPN KOR MEX RUS SAU ZAF TUR GBR USA FROM

ARG 39.35 14.28 11.86 1.09 145 3.52 0.68 0.30 0.48 0.64 1.52 1.60 0.71 4.02 267 5.62 140 6.43 2.38 60.65
AUS 13.96 39.15 0.48 4.26 8.53 4.78 0.28 0.74 4.40 3.31 297 0.51 0.28 4.02 0.50 2.83 0.26 4.85 3.88 60.85
BRA 12.62 124 40.63 1.63 0.27 0.55 231 122 5.45 573 6.81 3.74 186 3.47 0.57 126 0.77 7.02 284 59.37
CAN 1.02 3.38 0.75 29.33 243 10.63 0.97 0.31 541 6.57 5.88 145 3.69 156 216 11.82 0.75 1.36 10.53 70.67
CHN 1.40 8.48 0.76 3.29 38.34 5.85 1.28 4.44 0.87 3.18 4.11 1.24 4.86 0.33 124 0.38 1.20 9.05 9.71 61.66
FRA 2.62 3.67 0.55 10.67 4.36 28.87 7.98 138 251 6.95 1.95 0.59 6.26 0.37 0.37 4.98 0.21 4.46 11.26 7113
DEU 110 0.32 187 1.66 1.23 13.14 44.80 1.06 173 119 593 2.89 3.35 3.64 101 1.96 4.32 0.62 8.16 55.20
IND 0.69 1.00 153 0.77 6.04 235 1.66 58.83 0.25 3.89 4.49 0.38 112 0.47 7.95 1.09 4.18 217 112 41.17
IDN 0.64 5.40 4.88 7.78 111 3.36 145 0.27 41.83 6.14 235 7.53 3.39 3.26 0.41 275 241 2.99 206 58.17
ITA 0.31 267 3.83 8.69 2.09 7.88 0.99 222 531 3753 7.58 274 0.17 2.60 1.70 0.73 0.26 3.12 9.59 62.47
JPN 0.80 281 3.77 7.66 1.90 0.50 4.80 179 0.18 7.75 53.18 0.17 148 1.28 6.85 2.40 0.03 0.58 206 46.82
KOR 225 1.00 4.45 3.12 0.45 0.66 3.15 0.29 11.54 4.45 1.24 59.77 0.55 0.23 0.86 0.21 0.85 2.08 286 40.23
MEX 1.29 0.84 3.37 6.61 6.39 951 3.17 171 4.50 1.04 3.39 1.62 43.22 0.39 112 552 143 251 2.39 56.78
RUS 651 5.24 4.83 2.59 0.45 0.81 3.59 0.63 4.03 3.47 1.97 1.08 0.83 49.43 0.47 5.58 1.22 201 525 50.57
SAU 3.32 0.34 0.52 4.42 1.57 0.45 0.83 7.47 0.93 221 11.14 1.39 0.36 071 58.83 2.02 0.25 2.05 119 41.17
ZAF 6.73 228 0.48 16.41 0.10 7.20 1.34 0.56 185 0.62 251 0.22 481 3.98 0.09 43.52 0.89 235 4.06 56.48
TUR 273 0.67 116 1.14 217 047 5.08 4.60 4.35 0.74 148 1.07 0.39 0.78 0.37 101 6347 5.04 3.27 36.53
GBR 575 3.72 6.15 1.56 8.26 5.43 0.09 115 268 3.50 0.97 1.27 0.50 0.90 121 178 2.67 38.28 14.13 61.72
USA 1.26 2.80 159 10.49 719 11.02 481 0.48 0.94 7.96 217 1.30 117 3.10 0.43 2.54 1.30 10.64 28.81 71.19
TO 65.01 60.12 52.83 93.84 55.99 88.11 44.47 30.64 57.40 69.33 68.46 30.79 35.78 35.11 29.98 54.49 24.40 69.35 96.73 1062.82
Inc.Own 104.36 99.27 93.46 12317 94.34 116.98 89.27 89.48 99.22 106.85 121.64 90.56 79 84.55 88.81 98.01 87.87 107.63 125.54 TCI
NET 4.36 -0.73 -6.54 23.17 -5.66 16.98 -10.73 -10.52 -0.78 6.85 21.64 -9.44 -21 -15.45 -11.19 -1.99 -12.13 7.63 2554 55.94

Note: In this Table, TCI quantifies the interconnectedness of countries in a network. A positive net value designates a country as a net transmitter of energy risks, meaning it exposes other countries in the network to more energy risks than it is exposed to. Conversely, a negative net value classifies a
country as a net receiver of energy risks, indicating that it is more exposed to energy risks from other countries than it exposes others to.
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b. Contributions from others

Figure 2. Energy risk contributions to others (left side) and from others (right side)

Note: This figure demonstrates the variations in energy risk connectedness measures over time, illustrating both spillovers to others and from others.
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Figure 3. Net directional total connectedness

Note: This figure highlights the net variations in energy risk connectedness measures over time.

Daiichi Nuclear Disaster appears to have significantly in-
creased the transmission of energy risk from Japan to other
countries, prompting a global reevaluation of energy poli-
cies and a shift toward exploring alternative sources
(Hayashi & Hughes, 2013). Furthermore, developing coun-
tries in the estimation sample, such as Turkiye, India, Mex-
ico, and Russia are found to be more vulnerable to energy
risk. For example, Russia became a greater receiver of en-
ergy risk during the period of COVID-19 and the invasion of
Ukraine.

IV. Conclusion

The objective of this study was to analyze the dynamic
interconnectedness and spillover effects of energy risks
among G20 countries using the TVP-VAR connectedness
approach. By utilizing innovative energy risk score vari-
ables, the research offers a detailed examination of energy-

related risks. The findings reveal significant energy risk
spillovers among G20 countries, highlighting key transmit-
ters and receivers within the network and underscoring the
complex and evolving nature of these interactions.

This analysis serves as a crucial reference for policymak-
ers in G20 countries, emphasizing the need to consider the
interconnectedness of energy risks when formulating en-
ergy policies and strategies. Joint energy policies emerge as
vital tools for mitigating risks and enhancing energy secu-
rity. Moreover, the adoption of sustainable energy practices
and a reduced dependency on high-risk energy sources can
contribute significantly to the stability and security of the
global energy system.
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