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Abstract

This study investigates how renewable energy markets reacted to the war in Ukraine in 2022 using event study and network
connectedness analyses and compares this effect to traditional energy sources. Combining event study with connectedness
analysis is of great interest in identifying abnormal returns from the Russia-Ukraine conflict event. The risk-return profiles
make clean energy more appealing to investors, and increased investment in clean energy subsectors leads to improved cli-
mate change mitigation. Sampled data are wrangled daily from 03 August 2021 to 30 March 2022. The results confirm that
renewable energy markets have positive and significant cumulative abnormalities while traditional energy markets are heavily
affected during the post-war. Moreover, we find higher pairwise return connectedness after the announcement event than
during and before the war in Ukraine. The geothermal and full cell markets are the more robust net information transmitter
to other clean energy subsectors. Finally, renewable energy appeared more pertinent during and after the Russian invasion
of Ukraine, given its properties to serve diversifications and hedging tools.

Keywords Renewable energy - Russian-Ukrainian conflict - Event study - Connectedness

Introduction

Renewable energy has paid more attention to the financial
markets, in concurrence with the traditional energy sources
within the plans to enhance eco-friendly growth (Liu et al.
2021a, b; Usman and Balsalobre-Lorente 2022), mitigate car-
bon dioxide (CO,) emissions (Chen et al. 2022; Si-Moham-
med et al. 2022; Usman et al. 2022a), and reducing tempera-
ture and global warming (Acaroglu and Giillii 2022; Usman
et al. 2021). Worldwide renewable energy, including solar,
wind, geothermal, full cell, and bio-clean fuels, are abundant,
diverse, and not subject to import and export restrictions
that let any nation become self-sufficient in energy (Jiang
et al. 2022; Sadiq et al. 2023). The ambitions for sustain-
able renewable energy sources emerge mainly when the
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war event arises. The conflict between Russia and Ukraine
caused an instant disruption in logistical supply chains for
clean and non-clean energy in Europe, resulting in unex-
pected obstacles that led to recession, financial market con-
cerns, and high levels of inflation around the world. In this
context, the Russian invasion of Ukraine has brought back
the energy security crisis. In addition to more geopolitical
stability, renewable energy contributes to international peace
(Overland 2019; Usman and Radulescu 2022; Ibrahim et al.
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2022; Saqib et al. 2022; Su et al. 2021). The conflict between
Russia and Ukraine is still impacting the world, and one of
its most significant repercussions was the 58.3% increase in
energy costs between December 2021 and June 2022. Begin-
ning in 2022, Russia will produce around 10%, 15% of coal,
5.4% of uranium, and about 8% of gas in the energy world.
Indeed, Russia exported 60% of its oil to OECD Europe and
20% to China. The invasion of Ukraine by Russia has sent
shockwaves across the world’s energy markets, causing price
instability, supply challenges, security concerns, and eco-
nomic turmoil. From May to October 2022, Russia curtailed
its gas exports to the European Union by over 80%, leaving
the customs union with a significant energy mix deficit and
an urgent need to find new energy sources.

Affected nations have been forced to act rapidly to
develop new energy policies that prioritize long-term energy
security while simultaneously allowing for the short-term
satisfaction of current energy demand. This is due to the
alteration of old energy trading routes. In addition, increased
energy costs are expected to result in higher pricing for
goods and higher interest rates that aim to increase the cost
of borrowing money, which could cause projects that need
finance to suffer from economic repercussions. Furthermore,
the consequences of the war in Ukraine are detrimental to a
company’s output, profitability, anticipated cash flows, and
share values. For investors, portfolio managers, and regula-
tors, wars’ effect on renewable energy markets is crucial
(Yousaf et al. 2022). Indeed, most Western nations have
imposed financial and economic sanctions on Russia, and
the advanced global economy and emerging markets rely
more on commodities and stock markets, which can dem-
onstrate the channel effect of the war on the renewable and
renewable energy markets.

The significance and unexplored influences of geopoliti-
cal risk on renewable (solar, wind, geothermal, full cell, and
bio) and non-renewable energy (i.e. WTI, natural gas, and
nuclear power) motivated this study to explore how regional
and international conflicts, wars, terrorism attack, and bor-
der disputes. The Russo-Ukrainian conflict increased eco-
nomic uncertainty that again affected traditional assets. The
Russo-Ukrainian conflict relied on traditional and non-tra-
ditional energy, driving these markets to their highest prices
in nearly a decade. Several countries have been forced to
reconsider their energy supply needs. Russia is the largest
producer and exporter of oil and gas to the world markets
and, more specifically, to union Europe (U.S. Energy Infor-
mation Administration 2021). At the same time, the union
European and the USA have imposed significant sanctions
on Russia (Li and Li 2022). It has been announced that they
plan to wean themselves off Russian fossil fuels (European
Commission 2022; Osi¢ka and Cernoch 2022). Even though
the war continues in Ukraine, traditional energy continues
to flow around the world, including in Europe countries. On

the contrary, the USA and the UK were the first nation who
banned Russian energy. The biggest deal facing world energy
is whether traditional and renewable energy markets will be
affected by the Russian-Ukrainian conflict, especially if this
war takes more time and the embargo on energy include
Europe countries. In this context, little previous literature has
shed light on the war in Ukraine 2022 on financial markets
using the event study methodology. As a strategy and essen-
tial source, renewable and non-renewable energy contribute
more to the Russian-Ukrainian conflict (Umar et al. 2022a).
It is critical for international financial and global economic
stability to use renewable energy (Aydin 2022; Sattich et al.
2022).

In light of the facts above, studying how renewable energy
responded to the Russian invasion of Ukraine has become
even more critical. To the best of the authors’ knowledge,
this is the first study focused on examining the reaction of
sub-sector renewable energy markets to the Russian invasion
of Ukraine (24 February 2022) using even study analysis.
Moreover, this research compares the renewable energy mar-
ket performance with conventional energy resources such as
oil, gas, and nuclear energy. Additionally, this study consid-
ers reviewing the network spillover among the renewable
energy index and the subsectors returns at different quantiles
as the secondary objective.

Following the literature on renewable energy topics (Pham
2019; Wang et al. 2022; Ren and Lucey 2022), our study sug-
gests five subsectors as a proxy of renewable energy to track and
compare the performance of each renewable energy sector. The
five subsectors are solar, wind, geothermal, full cell, and bio.

This study differs from the existing literature in the
methodology aspect that employed event study and vector
autoregressive (VAR) alongside, for the first time, explor-
ing the abnormal returns from the Russia-Ukraine conflict
clean energy, dynamic spillover, and connectedness network
between the renewable and non-renewable energy markets.
In this pursuit, this study adds to the literature on conta-
gion, specifically the literature that holds that the phenom-
ena of contagion are a result of “black swan” events, by
using event study and VAR to explore the abnormal returns
from the Russia-Ukraine conflict clean energy (Yarovaya
et al. 2022). The Ukraine-Russian war is regarded as an
unforeseen occurrence known as a “black swan” that could
negatively affect energy supplies. In the same situation, con-
ventional panel regression, whose distribution is normally
distributed, does not apply since it requires sizeable histori-
cal sample sizes, which are never available for uncommon
events by definition, contrary to the event study (Mackinlay
1997; Makhdum et al. 2022; Taleb 2007; Sadiq et al. 2022;
Jahanger et al. 2022). Further, the event study has consid-
erably increased (Boubaker et al. 2022; Gaied and Pandey
2022). The connectedness network allows tracking the inter-
action link and intensity nudes among abnormal subsector
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returns of clean energy, reflecting how these assets have
become more dependent in tandem.

The remainder of the paper is organized as follows. Sec-
tion 2 describes the recent literature review. The “Data and
methodology” section presents the data and the methodol-
ogy. The “Empirical results” section discusses the findings.
Finally, the “Conclusions and policy implications” section
concludes the paper.

Literature review

Extensive studies have examined the effect of uncertainty
and instability in the financial market due to financial and
economic shocks or pandemic crises on the clean energy
markets. Liu et al. (2021a) applied the economic policy
uncertainty index and found the significant impact caused
by covid 19 and the financial crisis. Hemrit and Benlagha
(2021) report a positive effect of employing the pandemic
uncertainty index on the clean energy index. Ahmad et al.
(2018) and Ferrer et al. (2018) established that the Chicago
board options exchange volatility index considerably affects
the renewable energy markets. At the same time, Dutta
(2017) found this effect throughout the oil price uncertainty
than other instability financial indices. Kuang (2021) gener-
ated the MSCI world to conclude that clean energy is more
attractive to down the risk than dirty energy stock markets.
In contrast, the streaming literature is silent about the effect
of uncertainty and instability due to the war on the renew-
able energy markets. On the contrary, the dependence on
traditional energy has been associated significantly with war
(Rothkopf 2009) and terrorism (Johnston 2008; Le Billon
and El Khatib 2004). Noguera-Santaella (2016) confirmed
the positive relationship between non-renewable energy and
the different war periods. Sweidan, (2021) demonstrated that
geopolitical tension affects renewable energy, whereas Su
et al. (2020) indicate no causality between geopolitical ten-
sion and renewable energy.

Furthermore, Dutta and Dutta (2022) observed that clean
energy substitutes for non-renewable energy when the geo-
political increase. The deep substitution between traditional
and renewable energy can change the current geopolitical land
space (Sivaram and Saha 2018). Regardless of the Russo-
Ukrainian conflict, the existing literature has shed light on
the war on different assets using the event study methodology.
Boubaker et al. (2022) found negative cumulative abnormali-
ties that drew considerable impact of the Russian invasion
of Ukraine on stock markets in developed and emerging
markets. Likewise, Sun et al. (2022) documented that the
stock market of oil and companies further the finance and
manufacturing stock prices have been negatively affected by
the Russian invasion of Ukraine event. Yousaf et al. (2022)
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pointed out similar results of negative reactions to G-20 stock
markets. Ayed et al. (2022) also report the effect of the Rus-
sian invasion of Ukraine on cryptocurrency markets. Pham
et al. (2022a) used the event study and connectedness analyses
to examine the Paris climate agreement and the US election’s
effect on the clean energy markets. They found that Biden
winning the U.S. election and its reenter to the Paris climate
agreement had a positive impact, contrary to trump’s election
and withdrawal from the climate accord, where the reaction of
cumulative abnormality is negative. Gaied and Pandey (2022)
scrutinized an adverse reaction of the global currency to the
Russo-Ukraine conflict.

Other stand literature focuses on the connectedness spillo-
ver and the relationship during the Russo-Ukrainian conflict,
which seems higher and more significant during the war as an
event window compared to the pre-war across various assets
such as food prices (Saddaoui et al. 2022). Umar et al. (2022a)
examine the Russian evasion of Ukranian on global assets,
including oil, gas, and gold. They document mixed relation-
ships between the quantile on quantile regression. Adekoya
et al. (2022) establish a strong connectedness between finan-
cial assets during the Russo-Ukrainian war compared to the
pre-war. Likewise, Gong and Xu (2022) and Wang et al.
(2022) found that the effect of the geopolitical risk generated
by the war in Ukraine on various commodities increased com-
pared to the pre-war. Patt and Steffen (2022) reported strong
public support for renewable energy policies in Europe due to
the Russia-Ukraine conflict. As a result of the war in Ukraine,
the world is now experiencing a window of opportunity to
boost climate change agreements through the acceleration of
renewable energy deployment and phasing out of conventional
energy (Deng et al. 2022; Massimo et al. 2022).

Data and methodology

Event study methodology

We follow the CAMP methodology to calculate the cumula-
tive abnormal returns to study the renewable energy market’s
reaction to the Russian invasion of Ukraine and compare its
performance with conventional energy prices.

AR, =R, - (a" + ﬁ/\ “R,,) (D

where AR represents the abnormal return for clean energy
i on time ¢ (the time used is the daily data), R;, index return
at time ¢, which can be described as follows and as shown
in Eq. 2 and Fig. 1:

T,
R, =In( ——
it n< T > @)
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Fig. 1 Return of variable data

where T}, index at time ¢, 7,_; index at time ,_;, R;, index
return at time #.

R, represents the explanatory return (MSCI world
energy), and a” and p” represent the intercept and slope
of the estimated parameters based on 142 days as a pre-
event window starting from 03 August 2021. We defined
17 February 2022 as the even window (0 days) in which
Russia’s announcement started to invade Ukraine. This is
1 week before the Russian invasion of Ukraine as the first
day of the window event is mentioned (Ayed et al. 2022;
Boubaker et al. 2022). The event window covered the period
from 17 February 2022 (the period of the war in Ukraine) to
30 March 2022. This period represents an uncertain event
for clean energy markets. We use 5 days before and after the
zero-even window. The CAR is the cumulative abnormal,
which can be written as follows:

q
CAR i, (p,q) = CAR,(, ,, = ZAR”

t=p

3

Vector autoregressive (VAR) method

This study further examines the reaction of renewable
energy to the Russian invasion of Ukraine and aims to

2022 2021 2022

explore the network connectedness among the renewable
energy markets. We employ vector autoregressive (VAR)
proposed by Diebold and Yilmaz (2014). It offers many
advantages compatible with the objective of this study. This
framework captured the dynamic total connectedness index
TCI at different net pairwise values that compare the level
effect between many periods and events. Extensive literature
has used VAR to examine the connectedness in the financial
domain, including climate change and clean energy indices
(Elsayed et al. 2020; Song et al. 2019; Zhou et al. 2021). The
mathematical representation of VAR is as follows:

y=u(t)+ Z Bi(T)y,— + u(z) 4
=1

where y and y,_, presents the vector with k*1 dimension.
Vector, u(7) having the K*1 dimension conditional mean
vector. @; (7) is a variance—covariance metric having k*k
dimension VAR. As a consequence, the VAR model presents
different connectedness measures; the total connectedness
index can be written as follows:

k
TCI, = K~' ) FROM,,
Jj=0

&)
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equalzers the risk spillover over the total period. Connected-
ness from others is defined as follows:

FROM, = "' &, (H) ©)

Li#l
It presents the connection of each variable receiving a
shock from other variables.

k
TO;, = Z ¢~ (H) @)

i=1,i#l1

Here, the above expression shows the return spillover
transmitter. Finally, NET; = TO;, — FROM,, represent net
directional connectedness and the difference between from
and to connectedness.

Data

We consider the S&P global clean energy index’s daily index
(S&PGCEI). We use the uranium price (URA) to benchmark
the nuclear energy market. To measure the dirty energy mar-
kets and oil and gas market performances, we use iShares
global energy ETF (IEO) (Saeed et al. 2020). Therefore,
this study investigates the war in Ukraine’s effect on sub-
sector clean energy. Our study offers five subsectors as a
proxy for renewable energy to measure and compare the per-
formance of each renewable energy sector to accomplish
this goal. The five subsectors are the NASDAQ OMX Solar
index, the NASDAQ OMX Wind index, the NASDAQ OMX
Geothermal index, the NASDAQ OMX Full Cell index,
and the NASDAQ OMX Bio-Clean Fuels. The source of
(S&PGCEI) is extracted from the popular S&P global link
www.spglobal.com. The rest data are downloaded from
yahoo finance and Bloomberg terminal.

Empirical results
Event study results

Table 1 documents the cumulative abnormal return for the
individual index and subsectors of renewable energy with
the conventional energy markets. It shows that the CAR
post-event window (18 days) is negative for oil and gas
markets and significantly positive for the geothermal and
wind subsectors at different time frames, indicating the war’s
effect supports these two assets’ adoption. The clean energy
index S&PGCEI and bio subsector are positive at (t+5) days
after the event. The uranium price exhibited an insignificant
reaction during the pre-and post-event window. From [1-1]
to [—5:+ 5], even windows are significantly positive for
almost variables except for the oil and gas variable, which
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is insignificant. The fuel cell and geothermal assets have
a higher Cambin CAR at all time frames, followed by the
clean energy index S&PGCEI and wind stock market. The
solar index has a less reaction value, but it is positive and
significant, illustrating the high response during third events
windows of about 12% and 14%, respectively.

Moreover, all variables reported positive reactions
during the announcement day. Overall, renewable energy
response is relatively higher during and after the Rus-
sian invasion of Ukraine than before. These results of the
effective clean energy market compare the non-renewable
energy in line with the prior studies (Dawar et al. 2021,
Kuang 2021), thus, illustrating that clean energy indi-
vidual and subsectors indices are decoupled from con-
ventional energy markets (Dutta and Dutta 2022; Ferrer
et al. 2018). These results also reveal how the renewable
energy markets reacted to the severe information coming
from Europe and the USA about the acceleration of the
speed transition to clean energy due to the war. It has
become evident that the commission of European estab-
lishes incentive plants and strategies toward clean energy
(Patt and Steffen 2022).

Furthermore, traders with short investment horizons,
such as hedge funds and traders, are becoming increasingly
common, with institutional investors focusing on long-term
market performance. According to the EU, and the UK,
information about imposing a ban on oil and gas from Rus-
sia, the day traders make their decisions. The second trader
with a long investment horizon decides that clean energy
should be adopted more as part of the fight against climate
change, energy security, and transition visions. Finally, it
shows that clean energy became a substitute for traditional
energy markets when investors expected more uncertainty
about conventional energy markets, including the sanctions
on the Russian energy industry. Investor sentiment is more
critical to conducting financial investment when the market
is volatile (Song et al. 2019). According to Table 1, the
nuclear energy market outperforms other traditional energy
sources throughout and after the event day. Russia contin-
ues to export nuclear energy to Europe despite European
sanctions that have been in place for more than a year,
not to mention the uranium industry, which has remained
untouched by the Western sanctions. Another explanation
is the postponement of nuclear power’s phase-out, which
was used as an emergency reserve during the Russian-
Ukrainian War, and the strengthening of energy security.
Although the events surrounding the Russian-Ukrainian
conflict are positively relevant to the clean energy market,
results show the negative abnormal return reactions and
increased information substance the event transmitted to
traditional market energy. It also imposes uncertainty and
concerns conventional energy markets in the short- and
long-term.
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Table 1 Cumulative abnormal results using the CAMP approach
Days S&PGCEI  iShares U.S. Oil & Gas Ura Solar Wind Geothermal  Fuel cell Bio
Exploration & Production
ETF
[-5:+5] 22,007 3,180 16,656 3,656 16,990 31,305 32,136 26,875
(7,837)% (0.988) (4,022)*  (1,018) (5,341)* (10,091)* (7,644)* (8,409)*
[—4:+4] 23,996 2,036 9,734 7,210 18,549 32,753 34,010 25,949
(9,554)* (0.707) (2,628)*  (2,244)* (6,520)* (11,804)* (9,044)* (9,077)*
[-3:4+3] 25415 2,502 12,146 12,359 18,869 31,612 31,280 27,519
(11,685)* (1,004) (3,786)*  (4,443)* (7,658)* (13,155)* (9,605)* (11,116)*
[-2:+2] 21,138 —-0.723 13,036 11,599 20,573 31,365 31,829 26,909
(11,903)* (—0.355) 4.977)*  (5,107)* (10,226)* (15,985)* (11,971)* (13,312)*
[-1:+1] 21,047 2,117 15,274 5,919 15,631 28,287 21,409 22,899
(16,760)* (1,471) (8,247)*  (3,685)* (10,988)* (20,388)* (11,387)* (16,021)*
[-0:+0] 21,519 4,055 13,426 6,517 16,240 29,761 23,660 21,758
(17,136)* (2,818)* (7,249)*  (4,058)* (11,416)* (21,451)* (12,584)* (15,223)*
T-5 0.488 -0.874 3,230 —2.861 0.750 1,544 8,476 5117
(0.174) (—0.272) (0,780) (—0.797) (0.236) (0.498) (2,016)** (1,601)
T-4 2,477 -2.019 -3.692 0.693 2,309 2,992 10,350 4,191
(0.986) (=0.701) (—0.997) (0.216) (0.812) (1,078) (2,752)%* (1,466)
T-3 3,896 —1.552 —1.280 5,842 2,629 1,851 7,620 5,761
(1,791)***  (-0.623) (—0.399)  (2,100)** (1,067) (0,770) (2,340)** (2,327)**
T-2 —-0.381 —-4.777 —0.390 5,082 4,333 1,604 8,169 5,150
(—0.215) (—2.348)** (—0.149)  (2,237)** (2,154)%* (0.817) (3,072)* (2,548)*
T-1 -0.472 —-1.937 1,849 —0.598 —0.609 —1.474 —2.250 1,141
(=0.376) (—1.346) (0.998) (—0.372) (—0.428) (—1.062) (—1.197) (0,798)
t 21,201 5,794 13,143 14,478 13,548 24,873 25,003 20,356
(16,883)* (4,026)* (7,096)*  (9,014)* (9,523)* (17,928)* (13,298)* (14,241)*
T+5 0.318 —1.740 0.283 —7.961 2,692 4,888 —1.343 1.403
(0.254)* (—1,209) (0.153) (—4.957)* (1,892)*#*  (3,523)* (—0.714)* (0.981)
T+4 -0.118 -2,827 —-0.245 —4.386 3,058 1,772 -0.412 1,451
(—0.067) (—1.389) (—0.094) (—1.931)** (1,520) (0.903) (—0.155) (0.718)
T+3 -2.099 —1.345 —1.904 —-4.792 0.860 -0.377 —0.941 —-0.300
(—0.965) (—0.540) (—0.593) (—1.723) (0.349) (—0.157) (—0.289) (—0.121)
T+2 —2.622 —2.433 —1.492 —5.486 3.092 0.606 —6.344 -2.392
(—1.044) (—0.845) (—0.403) (—1.708)***  (1.087) (0.218) (—1.687)***  (-0.837)
T+1 —-0.853 —2.355 —0.686 -5.182 -2.022 1.090 —5.665 —1.207
(—0.304) (—0.732) (—0.166)  (—1.443) (—0.636) (0.351) (—1.347) (—0.378)

Note: *** ** and * denote 10, 5, and 1 statistical significance levels, respectively

Connectedness among clean energy subsectors

Figure 2 shows the network dynamic connectedness among
the subsectors of clean energy. We distinguish between
yellow color (net receiver) and blue color, which is a net
transmitter. We observe that the fuel cell network was
proved as a more robust net transmitter of the shock to the
rest subsector of clean energy, followed by geothermal and
wind, respectively. The solar stock market seems to be the
largest net receiver of the shock flowing by the bio-stock
markets. This enormous interaction link and intensity nudes

among abnormal subsector returns of clean energy reveal
how these assets have become more dependent on the pro-
found transformation over the sample. These results reflect
how the financialization effect and the integration among
clean energy subsectors are more critical during the war in
Ukraine.

Further, The finding explains the central role of fuel cell
and solar subsector to be more attractive and competitive
in financial markets related the combustion characteristics,
lower cost, and CO, emission (Nicoletti et al. 2016). In
addition, the effect of dimension spillover explores that the
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Fig.2 Network of return con-
nectedness

volatility spillover from full cell to wind market seems to
be the highest. In contrast, the volatility spillover from full
cell to geothermal has been the least. Meanwhile, the vola-
tility spillover from wind to geothermal was less than from
the full cell. The volatility can thus be easily transported
from geothermal to the bio and will disappear between bio
and wind. These findings agree relatively with the results
of Zhou et al. (2021). We can conclude that the volatil-
ity spillover among subsector of clean energy may vary.
The geothermal and full cell energy markets are the most
energy sources of volatility triggers, explaining their wide-
spread use in electric vehicles, energy generation, heating
systems, shipping, and aerospace sectors, as well as due
to Russian-Ukrainian ramifications. Overall, The strength-
ening of renewable energy response, primarily due to the
aggravation war in Marsh 2022, is consistent with the idea
that volatility connectedness is driven by the transmission
of shocks in the short term. However, in the long term, the
possibility of volatility spillovers can outweigh short-term
returns due to uncertainty aggravation, stagflation, and a
lack of confidence. This finding is in line with the study
(Patt and Steffen 2022).

Figure 3 presents the heatmaps representing the pairwise
direction connectedness based on each abnormal subsec-
tor of clean energy, a 143 days-rolling window, and ten
forecasting horizons. Each heatmap range between 40 and
110% represented the high transmitter (yellow color), with
the blue area as a lower net contributor of abnormal return.

@ Springer

The horizontal axis presents the period observations of pre-
announcement day to the post-window day, while the verti-
cal axis presents stock markets pairwise. In general, we see
a relatively warmer area of yellow, indicating the stronger
transmission of the shock among sub-sector clean energy,
especially during the post-event days. The fuel cell appears
to be the more robust information transmitter against all
sub-sector clean energy during the major Russian invasion
of Ukraine period estimating. Geotherm switched between
the high and the median transmission information to other
subsectors. The pairwise wind-bio decreased during the esti-
mation period, which is cleaner than the pairwise solar-geo-
thermal. The total connectedness index (TCI) varies between
80 to 100%, and the higher TCl is still more stable during the
Russian invasion of Ukraine window frame period. Consid-
ering the high pairwise correlations indicated, it is evident
that the subsectors interact importantly. These findings of
the high spillover are not surprising and reveal how clean
energy is an essential player in the financial markets during
bearish conditions market, which is in line with the prior
literature (Ahmad et al. 2018; Ji et al. 2018; Usman et al.
2022b; Kuang 2021). Additionally, the bad news from the
war event in Ukraine is more sensitive to an abnormal return
than the news before the event window. The finding provides
the importance of the renewable energy subsector in portfo-
lio investments, serves the diversification opportunity among
them, and gives its properties as hedging and haven against
other assets during the war.
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Fig.3 Heatmaps of pairwise . 110.0
direction connectedness based PCI ful.cell-bio '
on each abnormal sub-sector of
clean energy PCI geoterm-bio

96,00

PCI geoterm-ful.cell
PCI wind-bio

PCI wind-ful.cell
PCI wind-geoterm
PCI solar-bio

PCI solar-ful.cell
PCI solar-geoterm
PCI solar-wind

TCI

Robustness check

Table 2 analyzes the (Brown and Warner 1985) event study,
which can be described as follow:

R ®)

where AR represents the abnormal return for clean energy i
on time t ( The time used is the daily data), R;;: index return
at time t, R is the average of each clean energy index at the

time t.

This study depicts the same finding in Table 2 that the
renewable energy markets are more potent and less affected
by the war in Ukraine that started on 24 February 2022,
compared to traditional energy sources.

Conclusion and policy implications

This paper investigates the effect of the Russian invasion of
Ukraine on the renewable and non-renewable energy markets
using the event study and network connectedness methods.
Our results show that CAR is a significant positive reaction
for all renewable energy stocks estimated compared to the tra-
ditional energy to the Russian invasion of Ukraine. Secondly,
the response of the clean energy subsector is more impacted
by the event at different time frame windows. The network
connectedness confirms these findings and pairwise spillo-
ver that the TCI increased during the post-event. This study

82,00

68,00

54,00

40,00

contributes to the literature by focusing on clean energy and
filling the gaps in the prior research survey on the impact of
the Russian invasion of Ukraine on various assets. In addi-
tion, the development of our study is attributable to the reality
of going toward the renewable energy race, and more public
policies support it. The obtained finding using event study and
connectedness methods consists of the financial investment to
exploit renewable energy as an alternative to non-renewable
energy in the future. Our results have many applications for
investors and fund managers. They should adjust their invest-
ment by including green renewable energy as eco-friendly
assets, good opportunity hedging, and a haven against uncer-
tainties. For policymakers, new monetary and taxes exemp-
tions policies should be adopted to support intensive strate-
gies and plans for renewable energy. Also, the government
should encourage private sectors and technology firms to deep
transformation and speed transition to renewable energy. In
this pursuit, it should create consortia to introduce modern,
environmentally friendly technologies and boost the renew-
able energy industry, especially during this extreme geopoliti-
cal tension. The governments should increase the Pigovian
taxes for fossil fuel exploitation to reallocate it to renewable
energy subsidies. Regardless of how long the Russian-Ukraine
conflict will last, long-term clean energy allocation decisions
should consider the risk transmission from such uncertainty.
This research indicates other policy suggestions based on
the results, such as enabling eco-friendly project finance at a
low-interest rate and should enhance the use of clean energy
sources, including solar, wind, geothermal, full cell, and bio-
clean fuels (bio). Even if Europe can use this transition period

@ Springer
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Table 2 Cumulative abnormal results using (Brown and Warner 1985)

Days S&PGCEI  iShares U.S. Oil & Gas Ura Solar Wind Geothermal Fuel Cell Bio
Exploration & Production
ETF
[-5:45] 22,52074 3,523577 15,4345 5,146912 16,32353 30,75623 31,44053 26,09285
(8,009805)* (1,094057) (3,727101)* (1,432614) (5,122217)*  (9,790934)* (7,414131)* (7,897678)*
[—4:4+4] 24,56692 2,491367 8,322833 9,084788 17,80289 32,23886 33,39476 25,2497
(9,768886)* (0,864866) (2,247009)* (2,827172)* (6,245823)*  (11,47428)* (8,804482)* (8,544549)*
[-3:43] 26,17667 2,791823 10,48728 13,87716 17,91333 30,52921 29,77655 25,84604
(12,01927)* (1,119099) (3,269383)* (4,986632)* (7,256794)*  (12,54674)* (9,065031)* (10,09942)*
[—2:42] 21,65053 —-0.21556 11,70042 13,5835 19,89194 31,02727 31,48851 26,50958
(12,17525)* (—0.10583) (4,467352)* (5,978114)* (9.869412)*  (15,61725)* (11,74066)* (12,68676)*
[-1:+1] 21,382 2,711688 14,21667 8,028441 15,15247 28,39376 21,74985 23,24879
(17,00485)* (1,882699)*** (8,247)* (4,996876)* (10,63194)*  (20,21151)* (11,46864)* (15,73487)*
T-5 0.589521 -1.05 3,160669 —3.30943 0.645298 1,128112 7,816361 4,396911
(0.209671)  (—0.32602) (0.763234)  (—0.92116) (0.20249) (0.359123)  (1,843211)*** (1,330839)
T-4 2,635701 —2.08221 -3.951 0.628449 2,124667 2,610735 9,770595 3,55376
(1,048071) (—0.72283) (—1.0667)  (0.195572) (0.745401)  (0.929199) (2,576004)* (1,2026)
T-3 4,245448 —1.78175 —1.78655  5,420819 2,235103 0.90109 6,152388 4,150108
1,949338 —0.71421 —0.55695  1,947922 0,905453 0.370326 1,873004 1,621667
T-2 -0.28069  —4.78914 -0.57341  5,127163 4,213717 1,399152 7,864344 4,813644
(—0.15785) (—=2.35117)** (—0.21893) (2,25647)** (2,090641)** (0.704248) (2,932263)* (2,303679)**
T-1 —0.54922  —1.86189 1,942836 —0.4279 —0.52575 —1.23436  —1.87431 1,552849
(—0.43679) (—1.29269) (1,049059)  (-0.26632) (—0.3689) (—0,87866) (—0,98832) (1,050975)
t 21,3102 6,416904 12,49706 16,49072 13,33846 25,44403 26,03536 21,46835
(16,94774)* (4,455195)* (6,747945)* (10,26377)* (9,359114)*  (18,11181)* (13,72837)* (14,52987)*
T+5 0.621022 —1.84333 —0.22323  —8.03438 2,339768 4,184096 —2.4112 0.227589
(0.493891) (—1.2798) (—0.12054) (=5.00057)*  (1,641731)  (2,978363)* (—1.27142) (0.154033)
T+4 —0.03957  —2.86238 -0.37012 —4.42717 2,966241 1,578252 —0.70593 1,127987
(—0.02225) (—1.40525) (—0.08938) (—1.9484)*** (1,471704)  (0.794396) (—0.26321) (0.539824)
T+3 —2.00253  —1.45537 —2.00983  —5.04907 0.755249 —0.69992  —1.44652 —0.85297
(—0.91948) (—0.58338) (—0.62656) (—1.81434)*** (0.305956)  (—0.28765) (—0.44037) (—=0.3333)
T+2 -2.50662  —2.52482 —-1.64766  —5.67201 2,96268 0.271432 —6.86204 —2.96053
(—0.99674) (-0.87648) (—0.44484) (—1.76512)*** (1,039403)  (0.096607) (—1.80917)*** (—1.00185)
T+1 -0.90271  —2.39903 —0.55834  —5.35372 —1.95866 1.128344 —5.6191 —1.15453
(—0.32106) (—0.74489) (—0.13483) (—1.49018) (—0.61461)  (0.359197) (—1.32506) (—0.34945)

Note: *** ** and * denote 10%, 5%, and 1% statistical significance levels, respectively

to sharpen its focus on accelerating renewable energy project
flow, the long-term prognosis will improve. But, once again,
the European Union and countries throughout the continent
will need to race, and mustering the political will and signifi-
cant financing required to develop debt financing and global
renewable energy investment to accomplish Europe’s and the
world’s green goals will be a colossal struggle. In these times,
the firm should be connected to the broader national energy
plan to achieve strategic objectives like energy security and
lowering CO, emission targets. If the action mentioned above
is successful, it could push net-zero technologies below their
respective clean energy subsector cost curves, allowing for
faster global decarbonization.

@ Springer

For perspective research, the scholars may try to quantify
the renewable energy risk using intraday data, which is help-
ful from the high-frequency information on the volatility.
Moreover, it would compare their reaction to the Russian
invasion of Ukraine and other events day and against more
assets such as Bitcoin, bonds, and stock markets. We can
also employ more recent models, such as the quantile vector
autoregressive (QVAR) (Ando et al. 2022), and the TVP-
VAR-SV model in a recent study by Gong and Xu (2022).
Unarguably, a specific event study and the abnormal return
can be considered in future research using the methodol-
ogy in the study (Umar et al. 2022b) to track the abnor-
mal return. Future studies can use realized semivariance
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(Barndorff-Nielsen et al. 2008; Pham et al. 2022b), which
is helpful from the high-frequency data, to test the reliability
of the empirical findings. It would investigate how energy
markets linked to minerals and metals prices around the war
event, where a certain amount of both types of energy is
required to exploit metal resources and heavily relies on it,
which directly impacts the price and future investment.
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