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Abstract: Do tail events in the oil market trigger extreme responses by the clean-energy financial
market (and vice versa)? This paper investigates the relationship between oil price and clean-
energy stock with a novel methodology, namely extreme events study. The aim is to investigate an
asymmetry effect between the response to good versus bad days. The results show how the two
markets influence each other more negatively, i.e., extreme negative events significantly impact the
other market. Furthermore, we document how the impact of the shock transmitted by oil prices to
clean-energy stocks is less than the amount of shock transmitted oppositely. These findings have
important implications for investor and renewable energy policies.

Keywords: extreme events study; tail risk; renewable energy stock; oil price

1. Introduction

Recent concerns about climate change have led to significant attention on energy
finance, from researchers, academics, investors and policymakers. The study of oil price
dynamics and its impact on various markets has been the focus of attention in the litera-
ture. In fact, as highlighted by numerous papers (Ahmad 2017; Bondia et al. 2016; Ferrer
et al. 2018; Foglia and Angelini 2020; Henriques and Sadorsky 2008; Kumar et al. 2012;
Managi and Okimoto 2013; Nasreen et al. 2020; Pham 2019; Reboredo 2015; Reboredo and
Ugolini 2016 2018; Sadorsky 2012; Uddin et al. 2019), the dynamics of oil prices impact
the performance of renewable companies. This dependence makes it complicated to re-
place exhaustible energy resources with sustainable energy resources, i.e., substitution effect
(Bondia et al. 2016; Ferrer et al. 2018; Monge and Gil-Alana 2020; Reboredo 2015). Further-
more, it is well known that these markets have been affected by structural breaks (events)
that have sharper changed the price. Indeed, in recent years oil price has changed with
significant increases and decreases (Ellwanger et al. 2017; Zhu et al. 2015). For instance,
Ellwanger et al. (2017) argue that both demand and supply factors have been a role in
the significant oil price decline of 2014. The OPEC decision to conserve output levels, the
growth of shale oil production and a long-delayed output response from a time of higher
oil prices played a crucial role initial contract in oil prices. Zhu et al. (2015) used monthly
data of real crude oil price and Chinese real stock market at the industry level, and show
that sensitivity varies across different industries and periods based on structural breaks
and asymmetric effects of oil price change. This dynamic reflects the main events that
occurred in the oil market. For example, the political upheaval in the Middle East and
North Africa and the war in Libya in 2012; the drop in oil price from 2014 to 2016; the
China-United States trade war; the reintroduction of sanctions on Iran in 2018-2019 and
finally the COVID-19 outbreak. About the methodology, the literature presents some pa-
pers that consider tail dependence as an extreme value. Huynh (2020) exams co-movement
between green bonds and triple-a government bonds. The author uses two copulas for
normal dependence and Student’s t distribution for the heavy tail. Moreover, drawing
inspiration by Behrendt et al. (2019), the paper examines the direction for transferring the
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return of green bonds and government bonds. In Huynh et al. (2020), it is analyzed the role
of artificial intelligence, robotics stock and green bonds in portfolio diversification using
tail dependence as copulas and the Generalized Forecast Error Variance Decomposition. In
Pham and Huynh (2020), however, the linkage between green bonds and investor attention
used the Google Search Volume Index of the main keyword “green bond” and some index
to measure its performance.

Hence, it is essential to consider the possible existence of extreme events in the time
series behaviors. For this purpose, the work aims to analyze how extreme (negative and
positive) events on the oil market affect the clean-energy sector. In particular, we want to
test if there is the asymmetry between the response of clean energy to good days versus
bad ones. In recent years, many studies have examined the interaction between the clean
(renewable) energy market and the oil market through linear autoregressive models, such
as Vector Autoregressive (VAR) (Ahmad 2017; Bondia et al. 2016; Ferrer et al. 2018; Foglia
and Angelini 2020; Henriques and Sadorsky 2008; Kumar et al. 2012; Managi and Okimoto
2013). For example, Kumar et al. (2012) study the relationship between clean-energy stock
price, the stock price of high technology firms, oil price and carbon price. The authors find
that the variation in all indices of clean-energy stocks (expressed as NEX, ECO and SPGCE)
is defined by past movements in oil price, in stock price of technology companies and
interest rate. Moreover, they underline that there is a positive relationship between oil price
and alternative energy sources; in fact, an increase of oil price produces the substitution of
alternate energy sources. Also, Managi and Okimoto (2013) find a positive relationship
between oil prices and clean-energy prices after a structural break, suggesting a movement
from conventional energy to clean-energy. In contrast with Managi and Okimoto (2013),
Bondia et al. (2016) demonstrate the presence of cointegration among the four variables
with two endogenous structural breaks. The four variables are the stock price of alternative
energy companies “WilderHill New Energy Global Innovation Index”, the stock prices of
technology companies “New York Stock Exchange Arca Tech 100 Index”, oil price as the
average of weekly closing spot prices of West Texas Intermediate and Brent crude oil, and
interest rate as 10-Year Treasury Constant Maturity Rate. This affirmation explains that the
existence of structural breaks in the period of the analysis can produce misleading results if
they are not incorporated in the cointegration testing model. Ferrer et al. (2018) affirm that
the crude oil and financial markets have become more efficient, so, the shock transmission
effects occur primarily within one week. The equity market performance of renewable
energy companies is likely to be more related to factors such as technology innovation,
capital spending, legislation or geographic availability than to oil price. More recently,
Foglia and Angelini (2020) investigate the volatility connectedness between oil price and
clean-energy firms, including the COVID-19 outbreak. Their results show the strong effect
of the pandemic on these financial markets with an increase for the volatility spillovers,
also supported by the effects of financial contagion.

However, the above literature estimates the overall average relationship between
the variables of interest, without considering the different behaviors in the tail returns.
Therefore, the “average” estimation could give misleading answers and findings. To this
end, we use the event study methodology proposed by Patnaik et al. (2013). Through this
framework, we can take into account extreme events that occur in one market and how
these are reflected on the other. One of the advantages of this approach is that it avoids
the need to make parametric hypotheses on events, therefore on the behavior of the tails
(like Reboredo 2015; Reboredo and Ugolini 2018; Uddin et al. 2019). We identify events
that consist of extreme movements in the oil market. On these events (dates), the event
study is conducted. This allows us to measure the response of the other market. To our
knowledge, is the first paper that investigates the spillover effect of an extreme events
(such as COVID-19 outbreak). More specifically, we show the reaction of the clean-energy
market to events relevant to the oil market (and vice versa).
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2. Methodology and Data

We use daily stock market returns (×100) for four clean energy1 stock indices and
the West Text Intermediate (WTI) oil. In particular, for the clean-energy market we use:
(i) NASDAQ OMX Wind Index (Wind), (ii) NASDAQ OMX Solar Index (Solar), (iii) NAS-
DAQ OMX Energy Efficiency Index (Tech) and iv) NASDAQ OMX Renewable Energy
Generation (Renewable). Our data covers the period from 1 December 2010 to 28 May 2020
(2441 obs.). Table 1 reports the summary statistics for all the stock returns, while Figure 1
shows the dynamics of daily returns. The clean-energy sector shows the highest means,
while the WTI oil has the highest value standard deviations. As we can note, the COVID-19
outbreak is clear, and it is more pronounced for the oil market (Cerboni Baiardi et al. 2020).
In fact, the WTI oil “fell $20 a barrel, dropping to lowest level for 18 years” (Dutta et al.
2020). There is no evidence of unit root (the series are stationary), such as the Augmented
Dickey–Fuller test (ADF) test suggests. The Jarque–Bera (JB) statistic for each variable is
significant at the 1% level, then we can reject the null-hypothesis of a Gaussian distribution,
as well as the Kurtosis test suggests.

Figure 1. Time series plot of daily returns. The shaded area denotes the period of oil price drop (June
2014 to February 2016) and COVID-19 (January 2020 to 28 May).

1 The North Carolina Sustainable Energy Association defines clean energy as energy derived from renewable, zero-emissions sources, as well as
energy saved through energy efficiency measures.
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Table 1. Summary Statistics. The augmented Dickey-Fuller (ADF) statistic tests the null hypothesis of unit root. Each ADF
statistic is negative and less than the test critical value at the 1% significant level, i.e., rejecting the null hypothesis of a
unit root in each return series. All Jarque-Bera statistics are significant at the 1% level, which reject the null hypothesis of
Gaussian distribution of return. *** indicates statistical significance at 1%.

Min Max Mean Median Stdev Skewness Kurtosis ADF JB

Wind −13.28 7.72 0.04 0.06 1.58 −0.51 5.03 −12.61 *** 2688.6 ***
Solar −19.33 12.05 0.02 0.05 1.94 −0.65 8.50 −11.82 *** 7544.5 ***
Tech −12.15 10.18 0.02 0.06 1.28 −0.43 9.98 −13.05 *** 10,241 ***

Renewable −15.26 8.93 0.03 0.08 1.12 −1.30 20.31 −12.22 *** 42,753 ***
WTI Oil −51.00 31.96 −0.04 0.06 2.91 −1.95 61.01 −13.32 *** 380,884 ***

2.1. Methodology

In this paper, we follow Patnaik et al. (2013) framework, and we define the events “as
those dates on which extreme values of returns are observed”. Compared to the classic
event study methodology, this approach allows us to capture and identify the event in the
tail risk, i.e., we can examine the distribution of daily oil returns by identifying the dates
when the returns are in the lower (0.05) and upper (0.05) tails. Hence, we define the good
event when the stock returns are in the upper (0.95) tail, while bad event when the returns
are in lower (0.05) tails of the distribution. This methodology has several advantages. First,
is that it does not require distributional assumptions such as normality. Therefore, we
do not have to make any assumptions about the distribution. Moreover, it allows us to
compute a flexible tail impulse response (Patnaik et al. 2013), an impulse response function
computed in the tails, avoiding the assumption of linearity and mean-to-mean dependence
as in VAR models (Ferrer et al. 2018; Foglia and Angelini 2020; Henriques and Sadorsky
2008; Kumar et al. 2012) . Second, it is a robust approach against serial correlation in the
series, which is very relevant for analyzing stock returns. Third, it allows merging all
consecutive extreme events, of the same direction, into a single event. This strategy allows
us to capture the most important financial crises (events) that happened in different years
(sub-prime, sovereign debt crisis, oil decline, COVID-19 pandemic). The use of the extreme
event study approach is justified to present fresh evidence of the clean-oil nexus of tail risk,
in contrast by previous studies that are based on a mean-to-mean analysis and to check if
extreme tail events between the two markets are symmetrically dependent. The latter is
particularly relevant in the context of financial risks such as the current one. Therefore, we
believe that this method is appropriate for studying turbulence (tail risk) between these
two financial markets.

In Table 2, we show the year distribution of extreme events for each variable. Figure 2
displays the daily dynamics of extreme events.

Table 2. Extreme events.

WTI Oil Wind Solar Tech Renewable

Years Good Bad Good Bad Good Bad Good Bad Good Bad

2011 7 11 10 16 15 10 16 17 18 20
2012 5 3 12 12 7 8 16 9 10 17
2013 0 0 10 10 14 11 4 6 9 10
2014 2 5 15 11 10 8 4 5 13 12
2015 12 14 13 9 5 3 6 7 10 6
2016 13 11 12 7 6 5 10 5 6 8
2017 1 8 7 5 1 6 2 2 1 1
2018 5 10 2 4 8 10 12 8 4 3
2019 12 6 1 5 9 10 10 8 3 0
2020 3 3 5 3 8 4 9 5 7 1

TOT 60 71 87 82 83 75 89 72 81 78



Risks 2021, 9, 39 5 of 13

 0

 1

2011

2012

2014

2015

2017

2019

Wind good

 0

 1

2011

2012

2014

2015

2017

2019

Wind bad

 0

 1

2011

2012

2014

2015

2017

2019

Solar good

 0

 1

2011

2012

2014

2015

2017

2019

Solar bad

 0

 1

2011

2012

2014

2015

2017

2019

Tech good

 0

 1

2011

2012

2014

2015

2017

2019

Tech bad

 0

 1

2011

2012

2014

2015

2017

2019

Rene good

 0

 1

2011

2012

2014

2015

2017

2019

Rene bad

 0

 1

2011

2012

2014

2015

2017

2019

WTI good

 0

 1

2011

2012

2014

2015

2017

2019

WTI bad

Figure 2. Daily dynamics of good and bad events. 1 indicates the day of an extreme event.

As we can see, from 2011 to 2014, there were many extreme events in the clean-
energy industry. In fact, these years were turbulent for the clean-energy market due to the
economic downturn (REN21 2014). Many countries have significantly reduced financial
support for this sector, leading to bankruptcies, and this has caused international risk
spillover effects (high tail risk). Focusing on WTI oil, as we can expect, many extreme
values occur during the drop-oil (2015–2016). During 2020, there are 3 (good and bad)
events. For example, we can note Iran’s rocket attach (8 January 2020) or the COVID-19
outbreak (27 April 2020) impact.

2.2. Extreme Event Approach

Let rt the returns of WTI oil, the upper tail of events is given by:

E+ = {i}s.t. rt > Q(r, q) (1)

where q is the quantile and Q(r, q) is identified such that Pr(rt > Q(r, q)) = q. E− stands
for the left tail extreme events, hence E = E+ ∪ E− is all extreme events. We define the set
of uncontaminated extreme events in the upper tail E+ ad dates j as followings:

j ∈ E+

(j + k) /∈ E∀ k ∈ {−W, ...,−1, 1, ..., W} (2)

where W are the days before and after the event. In the case of contaminated events, the
returns are merged (cluster) into a single value ∑n+r

i=n ri which is used as the event date.
Following Patnaik et al. (2013), to estimate the abnormal returns, we use the bootstrap
inference strategy based on 1000 replications. The procedure consists of several steps. First,
each event is expressed as a time series of cumulative returns (CR), given by the average of
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all CR time series. Second, sampling with event-level replacement is performed. For each
event, the corresponding CR time series is taken. Third, this procedure is repeated 1000
times to obtain the complete CR distribution. Finally, the responses are plotting with a 95%
bootstrap confidence interval to verify the significance of events.2

We chose 4 days as the length of the interest period around each event. This window
seems like a long enough time period to capture anticipatory data or dynamics movements
for extreme events (Patnaik et al. 2013).3

3. Empirical Findings
3.1. Response of Clean Energy to WTI Oil Extreme Events

Figures 3–6 show the response of clean-energy market to extreme (good and bad)
events on WTI oil market. The confidence interval (dot-line) is built beginning for the first
day of the 9-day window (the event and four days prior and after). Focusing on the good
extreme event (left side), we can observe how good days on WTI oil have no significant
impact on clean energy. We can see that before the days with high positive WTI oil returns,
there is unusual activity in the clean market. In fact, the day before the event, we notice an
increase in CAR. The market seems to anticipate the event. In the days following the date
of the event, the positive effect continues. However, the results are not very significant,
i.e., the confidence interval through the zero line. Focusing on the “bad” dates for WTI oil
(right-side), we notice that there is evidence of investors selling before the event date. Even
for negative days, the market anticipates the fall in oil prices. Figure 3 shows the response
of Wind (NASDAQ OMX Wind Index) to extreme events as measured by WTI oil. In the
two days preceding the extreme event, it is evident how the negative trend is triggered.
This behavior is also highlighted in the Figure 4 (NASDAQ OMX Solar Index), Figure 5
(NASDAQ OMX Energy Efficiency Index) and Figure 6 (NASDAQ OMX Renewable Energy
Generation) respectively, in the same two days before the extreme event. It can be said that
there is a negative trend in all sectors: Wind, Solar, Tech and Renewable energy. After the
date of the event, there is still evidence of negative trading feedback.

Oil sector issues negatively affect the clean sector. As we can see from the confidence
interval, the results are all significant in this case. This suggests that the negative returns
in the energy sector are the result of price pressure caused by events in the oil market.
According to Patnaik et al. (2013), the efficient market response is a step-by-step response
on the date of the event and a flat pattern afterwards. The dynamics are relatively flat, i.e.,
they do not seem to trigger further negative returns. This suggests the efficiency of the
markets. Rejections of the null efficiency could be of under-reaction as a slow response
towards the long-run outcome; or over-reaction as an extreme response around the event
day that is reserved in the following date.

These results show that there is no simple relationship between WTI oil returns and
the clean market one. Although the relationship in this case is not strictly causal, the
asymmetries between patterns between negative and positive cases suggest that the two
markets do not influence each other in both directions.4 In other words, the results show
that negative events in WTI oil negatively affect the clean sector, but we find no empirical
evidence to the contrary. Therefore, the perception of the substitution effect, or that the two
markets “crash and boom together” (Reboredo 2015; Uddin et al. 2019), is not empirically
supported. This suggests how policymakers when formulating their policies, should
consider asymmetric effects to design policies to facilitate the transition to a sustainable
energy system (Reboredo 2015). Moreover, our findings show the need to adopt robust
policies to stabilize the energy market during the period of large oil price fluctuations.

2 Please see Patnaik et al. (2013) and Shah and Jain (2017) for a mathematically derivation of the model.
3 To test the robustness, we also estimate the model based on an alternative window (−10; +10). The results are qualitatively the same, and they are

available upon request.
4 To test the COVID-19 outbreak impact, we split the sample in pre- and post-pandemic. The results are the same, and they are available upon request.
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Figure 3. Extreme event on WTI oil and response of Wind.
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Figure 4. Extreme event on WTI oil and response of Solar.
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Figure 5. Extreme event on WTI oil and response of Tech.
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Figure 6. Extreme event on WTI oil and response of Renewable.

3.2. Response of WTI Oil to Clean Extreme Events

To better investigate the oil-clean nexus, we analyze the WTI oil response to clean
market extreme events. It is evident how, in this case, the results are in line and concord
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with the precedents. The following Figures 7–10 report the “good” events on the left side,
while there are the “bad” events to the right. In general, it is evident that the “good” events
are not significant.

Figure 7 shows how an extreme event on Wind and the response of WTI oil. Only the
“bad” event results significant. Differently from Figure 3 (left side) in which an adverse
event in the WTI oil market seems to be predicted two days earlier by the Wind sector with
a progressive negative trend; an extreme event in the Wind seems to have been felt two
days more before by WTI oil, but already partially absorbed the following day (t− 1) with
a slight upward trend.
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Figure 7. Extreme event on Wind and response of WTI oil.
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Figure 8. Extreme event on Solar and response of WTI oil.

Figure 8 shows the response of WTI oil at the extreme event on Solar. It is the only one
that shows statistical significance in the time between the day before the good event and the
day of the event itself. This result is perfectly coherent with the analysis of Reboredo (2015),
Kazemilari et al. (2017) and Kim et al. (2019). Indeed, the solar energy sector displays a
distinctive systemic risk pattern. The contribution of oil prices to systemic risk is different
in magnitude and asymmetric, with a little impact in “good” compared to “bad” extreme
oil price movements. Figure 9 refers to an extreme event on the Tech and response of
WTI oil, while Figure 10 refers to an extreme event on the Renewable sector and WTI oil
response. In both cases, the positive events are not statistically significant, while an extreme
adverse event (in both Tech and Renewable) generates a significant oil price movement
response. Moreover, it seems that the market can predict the event a day in advance (t− 1).



Risks 2021, 9, 39 9 of 13

−4

−2

0

2

4

−4 −3 −2 −1 0 1 2 3 4

Good (by Tech)

Event time

C
u
m

. 
c
h
a
n
g
e
 (

%
)

−4

−2

0

2

4

−4 −3 −2 −1 0 1 2 3 4

Bad (by Tech)

Event time

C
u
m

. 
c
h
a
n
g
e
 (

%
)

Figure 9. Extreme event on Tech and response of WTI oil.
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Figure 10. Extreme event on Renewable and response of WTI oil.

Overall, the main results can be summarized as follows. The two markets influence
each other more negatively, i.e., extreme negative events have a significant impact on the
other market (downside tail risk spillover effects). The impact of the shock transmitted by
oil prices to clean-energy stocks is less than the amount of shock transmitted in the opposite
way. These results are perfectly in line with Lundgren et al. (2018); Ferrer et al. (2018);
Pham (2019); Uddin et al. (2019) and Foglia and Angelini (2020), who document this
asymmetric effect.

3.3. Robustness Check

In this section, to check the robustness of the previous results, we compute the analysis
using Brent oil as in Tiwari et al. (2020). In particular, we test the extreme event of Brent
oil on general Renewable index. Figures 11 and 12 show the results of event studies. As
we can see, the dynamics are qualitatively similar to Figures 6 and 10, suggesting that the
clean-energy response dynamic of extreme event of oil market (and vice versa) is robust to
the choice of alternative oil prices.

Moreover, to show the robustness of the results, we compute the cross-quantilogram
framework proposed by Han et al. (2016).5 This econometric model helps estimate the
lead-lag relation and capture the directional quantile dependence between two times series
at different lags and quantiles. We can highlight the clean-oil nexus (tail) relationships;
hence we are able to check if extremely high and low risks across WTI oil (clean) are
symmetrically dependent, and vice versa. Figure 13 plots the cross-quantilogram (p̂(k)).
We calculate the 95% bootstrap confidence intervals (blue line) based on 1000 replication
and the cross-correlogram (pink line), for low (0.05) and high (0.95) quantiles. The findings
show how these markets negatively influence each other, i.e., the cross-quantilogram is
significant for several delays (p̂(k) crosses the confidence interval). On the other hand,

5 Please see Han et al. (2016) for the econometric derivation of the model.
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p̂(k) is not significant in the upper (0.95). This result is perfectly in line with the previous
findings, which confirms the robustness of the main results.
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Figure 11. Extreme event on Brent oil and Renewable response.
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Figure 12. Extreme event on Renewable and response of Brent oil.

Figure 13. Cross-quantilogram. In the upper the Cross-quantilogram plot for θ = 0.95 (good), while
in the lower for θ = 0.05 (bad).
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4. Conclusions and Policy Implications

In recent years, the attention to climate change and costly fossil fuel has stimulated the
development of the renewable energy sector. Many investors and investment funds have
focused on renewable energies such as wind, solar power and biofuels; therefore, investing
money in these environmentally friendly companies. The performance of renewable firms
depends more on the behavior of oil prices, which partially determine the economic
viability of substitution between exhaustible and sustainable energy resources. Therefore,
to know how extreme event on the WTI oil price impacts the performance of renewable
energy index is crucial information for investors with renewable assets in their portfolios.
Significantly, the investors need to evaluate the changes’ in risk up or down that result from
oil changes. It is crucial because the information on the dynamic dependence relationship
and causality between oil and renewable energy index prices have implications for risk
management decisions.

The paper aims to test the response of clean-energy market to extreme (good or bad)
events on WTI oil market. One of the advantages of this approach is that it avoids the
need to make parametric hypotheses on an event, therefore on the behavior of the tail
risks. The methodology allows identifying the “events” as extreme movements in the oil
market (or clean energy). The event study is conducted on this “event” (dates), and thus
permit us to measure the response of the other market. It is emphasized that this paper, at
least according to our knowledge, is the first paper that investigates the spillover effect of
extreme events such as COVID-19 outbreak. More specifically, the results show as the good
extreme events on the WTI oil have no significant impact on clean energy. It only highlights
that one day before the day with a high positive WTI oil returns, there is unusual activity
in the renewable energy market. On the contrary, the negative dates for WTI oil show the
investors selling before the event; it can be said that the market anticipates the fall in oil
prices. The adverse trading movements also continue after the extreme event. It is proven
that oil sector issues negatively affect the clean sector. These affirmations are valid for all
renewable energy analyzed: Solar, Wind and Tech.

Another important aspect is the implications for policymakers. The starting point is
to consider if the interactions by oil and clean energy are endogenous for policymakers
(they can alter interactions) or exogenous (they cannot change the interactions). In the
first case, policymakers could try to favor the desired form of interaction; while in the
second case, they could attempt to exploit existing interactions. In general, it is much
difficult to determine with certainty whether the interactions are exogenous or endogenous.
Still, policymakers must be keenly aware of the existing kind of interaction among clean-
energy sources and between oil and clean-energy sources. As renewable energy markets
are increasingly important, needed policy actions should be taken to guarantee price
stability in times of economic turbulence such as today. Also, the impact of the epidemic
of COVID-19 on the clean-energy sector is difficult to predict. However, policymakers
should develop more policies, such as subsidies that can stimulate the development of
the sector, always considering the possibility of establishing a predatory-prey relationship
between the various clean energies (Dominioni et al. 2019). They need to understand how
extreme event on the oil market impact on the renewable energy market to design more
effective policy instruments that can be used to foster the renewable energy sector. Also,
the governments need to assess the upside and downside risk to quantify subsidization
programs. For example, a tax on gas emissions, would reduce the demand for fossil energy
and increase the use of climate hedge portfolios. These events increase the price and
reduce the expected returns (lower expected return corresponds to the insurance premium
paid). An interesting future study could quantify the cost of climate hedge portfolios by
looking at the associated risk premia. For example, to the extent that renewable energy
firms reduce their capital cost. This might allow clean firms to achieve efficient scale faster,
thereby affecting gas emissions. The design of structural asset pricing models that feature
such general equilibrium feedback loops seems a promising direction for research. The
same goes for hedging costs with news that can represent an extreme event. Moreover,
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it is concluded that expanding renewable energy can, in principle, reduce an economy’s
vulnerability to oil price volatility, but a country-specific analysis would be necessary to
identify concrete policy measures. A limitation of this paper concerns the response of tail
risk. As already explained previously, the dynamics of WTI oil or the clean-energy markets
may be influenced by other endogenous and exogenous effects. Therefore, a possible
future methodological development could be to combine the extreme event study with the
network analysis approach proposed by Antonakakis et al. (2020). This new method would
capture how extreme events in one market affect others and vice versa, from a network
perspective. In conclusion, the analysis supplies the tool to facilitate the optimal allocation
of resources in renewable energies.
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