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Abstract
This article aims to uncover the effects of the COVID-19 pandemic on the energy 
markets in terms of energy stock indexes, energy futures, ETFs, and implied volatil-
ity indexes. We model the volatility of energy markets and demonstrate the effects 
of various phases of the pandemic outbreak (COVID-19) on the energy market. 
COVID-19-induced uncertainty indicators like the growth of the infection, eco-
nomic policy uncertainty (EPU), and infectious diseases market volatility (IDsMV) 
have shown pronounced effects on energy markets’ historical volatility. The volatil-
ity of energy ETFs–stocks appears to be more resilient in line with S&P 500 energy 
stocks. WTI crude oil market has shown an unprecedented overreaction amid pan-
demic outbreaks and traded with an extreme volatility level. The investors’ senti-
ment in the energy market was factually higher on the tail events, indicating that 
fearful investors rushed toward put options and paid an excess premium to protect 
from unparalleled risk in the energy market.

Keywords COVID-19 · Energy market · ETF · Pandemic · Volatility index · 
Uncertainty

JEL Classification B26 · G12 · G14 · G15 · Q02 · Q43

1 Introduction

The outbreak of the pandemic COVID-19 has rapidly disrupted the global sup-
ply chain and the economy; eventually, it has led to a dramatic transformation in 
the energy markets. Yet, it is unpredictable how long the virus outbreak will per-
sist, which has shown its peak in the USA by mid of April 2020. The economic 
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normalcy exclusively depends on the immediate cure or vaccine or herd immunity 
increase. The analyst and policymakers believe that GDP may take a deep dive in 
2020 and rebound in early 2021.1 The demand for energy and supply depends on 
the persistence of COVID-19 and further the lockdown, unlock and social distanc-
ing, and new workplace policy. Moreover, pandemic-induced unemployment is at 
the peak of about 10%, and further, it may range between 15 and 30% (Figueroa 
et al. 2020). There have been large swings in the global crude oil prices, it dropped 
50–80% in the first quarter of 20202, and a 10% reduction in oil prices has caused 
approximately a 0.2% diminution in US GDP per year (Balke and Brown 2018). For 
the first time in the history of oil futures, WTI and Brent in near-term curves have 
fallen on average 20%, and oil and gas companies face a growing risk of insolvency. 
Hence, in this work, we aim to present energy markets’ performance amid COVID-
19 in terms of energy stocks, energy futures, energy EFTs, and energy market senti-
ment index (VIX). The work’s motivation is to demonstrate how the energy market 
responds to the recent pandemic outbreak and find the effects of federal support and 
bailout package on the energy markets. The study’s research questions are as fol-
lows: (1) What contains pandemic outbreak COVID-19 for the energy markets? (2) 
Does WHO announcements and federal support and bailout package matter for the 
energy trading? (3) Do OVX and OIV are the gauge of investor sentiment in the 
energy market?

IEA (2020) deliberates on the likely impact of COVID-19 and shows the con-
cern about energy security, electricity security, and clean energy transitions in the 
year 2020. The report’s key finding shows the unprecedented decline of global oil 
demand by minus 57% and a drop in road transport between 50 and 75%. Cohen 
(2020) further refers to the IEA report (International Energy Agency) and high-
lights that it is the first time in the history of seven decades the biggest shock to 
the global energy market. Future shock implication is awaited. COVID-19 forced 
the companies, investors, and analysts to drill down to comprehend the tail events. 
The author notes that the energy market experienced a 6% decline in energy glob-
ally after the 2008 crisis. Developed economies are more vulnerable to face a fall 
of energy demand 9% in the USA and 11% across the EU. Moreover, Rapier (2020) 
analyzes the IEA outlook for the short-term energy market for 2020–2021. Brent 
crude oil may rise to $48/b in 2021, global petroleum and liquid fuels demand may 
experience a considerable amount of volatility, and it may surge by 7.0 million b/d 
in 2021. Bocca (2020), a member of the World Economic Forum (WEF), explains 
the COVID-19 shocks to the global economy and energy market. The author con-
siders it an opportunity for a new energy order in a sustainable fashion. COVID-19 
crisis allowed more dialogue between the Organization of the Petroleum Exporting 
Countries (OPEC) and the G20. In order to deal with energy security and economic 

2 Oil and Refined Products Summary, February 1, 2020, through April 3, 2020. S&P Global Mar-
ket Intelligence, Accessed June 3, 2020. https ://platf orm.marke tinte llige nce.spglo bal.com/web/clien 
t?auth=inher it#marke ts/OilSu mmary .

1 Baker, S. R., Bloom, N., & Terry, S. J. (2020c). Does Uncertainty Reduce Growth? Using Disasters as 
Natural Experiments. NBER, http://peopl e.bu.edu/steph ent/files /BBT.pdf.

https://platform.marketintelligence.spglobal.com/web/client?auth=inherit#markets/OilSummary
https://platform.marketintelligence.spglobal.com/web/client?auth=inherit#markets/OilSummary
http://people.bu.edu/stephent/files/BBT.pdf
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uncertainty, several negotiations among OPEC + and the G20 are going on, and they 
are on the consensus to reduce the oil supply. Hence, COVID-19 allowed the ways 
of deployment of parties with contending interests to work toward the common and 
best objective of market’s stability (e.g., AleaSoft 2020).

The historic decline in the demand for crude oil happened due to slower eco-
nomic activity, international travel ban, lockdown, and geopolitics of crude oil 
among Saudi Arabia and Russia and OPEC’s role in crude oil supply. Ramkumar 
and Hodari (2020) present the current and future crude scenario in the US Shale 
producers, Brent and WTI prices during the first quarter of 2020; crude oil futures 
first time fell below $20. Wallace (2020) talks about crude backwardation and con-
tagion effects, the rise in the futures prices near contract expiration. Before the pan-
demic outbreak, the SPXGSCI commodities index outperformed the SPX500, but 
commodities are still in contagion and backward state. The price of crude oil WTI 
to be delivered in May 2020, the first time in the history, traded at minus $5.33 a 
barrel on April 21, 2020; the settlement price fell to minus $37.63 (see Fig. 2); in 
particular, this implies that sellers must recompense buyers for taking barrels off 
their hands.3 Hence, our study contributes to several aspects: (1) energy market per-
formance amid COVID-19 investigated in terms of energy stocks, futures, and ETF. 
(2) Further, energy traders’ fear and anxiety were measured in terms of OVX and 
OIV amid pandemic and federal announcements.

Section 2 presents a review of earlier studies focused on various pandemics. Sec-
tion  3 provides data description and preliminary analysis. Section  4 explains the 
empirical model and hypothesis development. Section 5 presents the results and dis-
cussion, and Sect. 6 reports a robustness check, and Sect. 7 ends with conclusion 
and policy implications.

2  Literature review

Laxminarayan and Malani (2006) present a review of the economics of infectious 
diseases across global economies. The primary observations of the economic lit-
erature on infectious diseases are that investment decisions and labor productiv-
ity remain the major consequences of the disorder’s outbreak in many countries; 
further, it affects individual risk-taking behavior. The authors also report that 
to combat such infectious diseases, people assume more significant protective 
means to deal with unexpectedly high risk; for example, in our case, investors buy 
more and more put options to respond to such tail events. Suhrcke et al. (2011) 
performed a systematic literature survey concerning economic crises and infec-
tious disease transmission. Many studies show worse effects of infectious disease 
following global financial crises materialized during 2007–2009. Furthermore, 
the authors also find a likelihood of an emergency’s long-run impact on infectious 

3 Caitlin Ostroff and Frances Yoon (2020) “U.S. Stocks Drop as Oil Market Shudders.
 Dow falls more than 400 points; Brent crude drops to lowest level in 18 years” https ://www.wsj.com/
artic les/globa l-stock -marke ts-dow-updat e-04-21-2020-11587 44304 0.

https://www.wsj.com/articles/global-stock-markets-dow-update-04-21-2020-11587443040
https://www.wsj.com/articles/global-stock-markets-dow-update-04-21-2020-11587443040
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disease. Sands et al. (2016) provide a conceptual framework to factor economic 
vulnerability of contagious disease in macroeconomic forecasting and analysis. 
They insist on health authorities for providing digestible input data to perform 
economic forecasting. Hence, it is urgent to develop a new forecasting matrix that 
takes care of economic vulnerability to infectious disease crises.

Several studies (e.g., Kamstra et al. 2003; Kaplanski and Levy 2012; Cen and 
Yang 2013) find that sunshine, public holidays, and investors’ anxiety and mood 
swings affect the returns and asset pricing. Moreover, another strand of stud-
ies (e.g., Yuen and Lee 2003; Kaplanski and Levy 2010; Donadelli et al. 2017) 
explains that unexpected and natural events impact investors’ sentiments; subse-
quently, it affects the risk-taking behavior and fear for trading and lowers the will-
ingness to participate in a risky investment. On the other hand, disease outbreaks 
show a positive effect on pharma stocks. Hence, our study extends the previous 
works on the relationship between energy stocks, energy futures, ETFs and inves-
tor sentiment, and COVID-19 DONs.

Chen et al. (2007) examine the effects of SARS in relation to the hospitability 
industry in Taiwan; in a window of SARS outbreak, tourism stock fell by 29%. 
The authors analyze seven public companies in the hotel business and show that 
firms observed steep declines in the earnings and stock price crash during the 
SARS outbreak. Using an event study approach, they report significant adverse 
cumulative abnormal returns followed by the SARS event. Further, Chen et  al. 
(2009) made an effort to study Taiwan’s stock market concerning the SARS out-
break during 2003 using events study analysis and found that tourism and hos-
pitality stock was negatively impacted, while the biotech sector experienced a 
positive shock of such diseases outbreak. Wang et al. (2013) also examined the 
effects of infectious disease outbreaks, for example, Enterovirus 71, dengue fever, 
SARS, and H1N1 on the biotech stocks in Taiwan. The authors explain that inves-
tors consider operational efficiency during the outbreaks of the above-mentioned 
infectious diseases and plan portfolios accordingly. More interestingly, Pendell 
and Cho (2013) uncover the effects of foot-and-mouth disease (FMD) on the 
Korean agribusiness stocks using the events study method and find an asymmet-
ric stock market reaction to such FMD outbreak. Moreover, the authors report 
that a disease outbreak’s effects are more gradual than instantaneous; companies 
in small size report considerable stock volatility than the other stocks.

Donadelli et al. (2017) studied the effects of disease-related news (DRNs) on 
the pharma stocks in the US setting. Administrations that wall street investors par-
ticipate rationally in portfolio planning by taking the regard of the WHO media 
coverage. The authors find that DRNs hold encouraging and significant sentimen-
tal effects among investors and that effects are asymmetric between small and 
large companies. Unlike the work of Donadelli et al. (2017), our study employs an 
investor-sentiment-related index (OVX, VXXLE, and OIV) to uncover the effects 
of disease outbreak news (DONs) in the energy markets. We set our empirical 
hypothesis that “DONs impact investor sentiment adversely,” and it is measured 
in terms of the OVX, also known as investors’ fear index (Whaley 2000). We pre-
sent the taxonomy of the consequences of a past pandemic outbreak on various 
markets in Table 1.
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Ichev and Marinč (2018) examine the effects of the Ebola outbreak event for 
the period 2014–2016 on the stock prices in the context of geographic proximity 
information and find a substantial impact on the stock linked with the geographical 
location like those situated in West Africa and US-based operations. Authors reveal 
that the epicenter of the pandemic outbreak event holds a significant role in explain-
ing the financial markets’ functioning, and effects are more pronounced in stock of 
smaller firms, industry-specific stock, and stocks with media exposure. Authors also 
report that Ebola has increased the risk of perceived implied volatility.

There has been some recent descriptive documentations on the effects of the 
COVID-19 outbreak on the US economy. Baker et al. (2020a) employ a text-based 
quantitative framework to bring insights into the recent COVID-19 outbreak in the 
US equity market. The text-based archival analysis shows that recent stock market 
volatility has surpassed the ex post volatility level of October 1987, GFC-2008, and 
the period great recession 1929–1930. Authors have presented excellent work on 
infectious disease outbreaks such as COVID-19 development and COVID-19-in-
duced uncertainty. In the past, on the comparative analysis of several pandemic 
developments, none of the pandemic events has affected the stock market’s perfor-
mance as significantly as COVID-19. Likewise, Baker et  al. (2020b) present one 
more piece of work on COVID-19-induced economic uncertainty. As the question 
has been raised by Sands et  al. (2016) about economic forecasting induced by an 
infectious disease outbreak, Baker et al. (2020c, henceforth BBT) took this oppor-
tunity to build text-based forward-looking measures of economic uncertainty caused 
by COVID-19. BBT forecast the US real GDP using uncertainty shock and find 
contraction of output about 11% as of Q4-2020, which implies that COVID-19 per-
suades adverse effects. Hence, in our empirical model, we add COVID-19-induced 
economic uncertainty as one of the factors to explain the energy markets and future 
level of implied volatility.

Corbet et  al. (2020) examine reputation-based contagion during the COVID-
19 outbreak choosing stocks of the firms labeled with corona. Authors find that 
COVID-19-induced risk is more pronounced for companies related to the term 
corona, and there is an existence of sharp, dynamic, and more connections among 
those firms. Further, Kanno (2020) analyzes the contagion risk of COVID-19 on the 
Japanese stock market using network theory and interconnectedness between pan-
demic infection and financial network. Akhtaruzzaman et al. (2020) study the finan-
cial contagion amid the COVID-19 crisis among China and G7 nations. Authors 
administer the empirical work on the financial and non-financial firms and find that 
conditional correlations remain higher for the financial firms during the pandemic 
outbreak and higher hedging ratios and cost.

Zaremba et al. (2020) analyze government intervention’s effects amid COVID-19 
on the global equity market and find that non-pharmaceutical intervention signifi-
cantly increases stock volatility. Baig et al. (2020) investigate the US equity markets 
in relation to the growth of the COVID-19 cases using the pandemic index and find 
that daily confirmed cases of infection and death caused a significant increase in 
market volatility and illiquidity. Moreover, Ashraf (2020) examine the equity mar-
ket reaction to COVID-19 fatalities across 64 countries and find stock market reac-
tions remain more proactive to the growth in the number of infection cases than the 
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number of deaths. Further, Smales (2020) studies the investors’ attention and global 
equity market amid the COVID-19 crisis using Google Search Volume (GSV), eco-
nomic policy uncertainty (EPU), and lagged returns in the empirical model and find 
that GSV-based investor attention explains global stock returns adversely.

Ozili (2020) surveys the likely impact of COVID-19 on the African continent 
in socioeconomic impact, policy uncertainty response, and opportunities. The bold 
decisions during the pandemic have impacted the health systems and economic cri-
sis in African countries. The author advises more public funds, liquidity, and labor 
layoff support to respond to future challenges. Ji et al. (2020) study the pandemic 
uncertainty and search for the safe-haven assets class, namely cryptocurrency, com-
modities, FX, and gold, and find that in the pre-pandemic period, all these assets are 
less effective but during the pandemic period, gold and soybean act as safe-haven. 
Moreover, Demir et al. (2020) examine the infection of COVID-19 on the cryptocur-
rencies market based on infection cases and deaths and find a negative relation dur-
ing the pandemic and later a supportive relationship.

Papadamou et  al. (2020) investigate the major implied volatility indexes and 
google synthetic trend index amid coronavirus outbreak and find that google-based 
panic about pandemic infection results in contagion effects and leads to risk aver-
sion in the global equity markets. Seven and Yilmaz (2020) also deliberate on the 
recovery and response prospects of the world equity markets amid COVID-19 and 
attempt to see the impact of rescue packages in terms of size and type. Authors find 
overreaction of the equity market with higher COVID-19-related cases and death 
and also report that all kinds of put protections are not equally effective.

More recently, Al-Awadhi et al. (2020) investigated the impact of COVID-19 on 
the Chinese stock market using panel data regression. The authors in their research 
show that death and contagious infectious diseases impact the Chinese equity mar-
ket and reveal that daily new cases and the total number of deaths due to the ill-
nesses exhibited adverse stock returns. The work of Al-Awadhi et al. (2020) and the 
research agenda set by Goodell (2020) demonstrate the fatal and contagious effects 
of COVID-19 across global equity markets. Moreover, Bakas and Triantafyllou 
(2020) studied commodity price and pandemic uncertainty and found a substantial 
adverse impact on the commodity market and was more pronounced in the crude oil 
market. Ali et  al. (2020) examine the COVID-19 global financial market’s impact 
and report that the Chinese market remains more stable after the outbreak. Still, the 
global financial system has disrupted due to a Coronavirus outbreak across other 
countries, mainly followed by Europe and the USA. Haroon and Rizvi (2020) further 
deliberate on the relation between COVID-19 Media coverage and financial market 
reactions and find overwhelming panic produced by the news media coverage and 
increased volatility in the equity markets. Further, Zhang et al. (2020) analyze the 
rapid growth of COVID-19 across the globe and its impact on the financial market; 
authors find that zero percent interest rate and unrestricted quantitative easing (QE) 
can help to recover the recent loss in the financial markets.

More specifically, current studies concerning COVID-19 and energy market 
(Narayan 2020a, b, c; Gil-Alana and Monge 2020; Liu et al. 2020; Apergis and 
Apergis 2020) examine, for example, COVID-19 infections and oil price news 
and political polarization, pandemic and volatility persistence and find that 
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pandemic outbreak has disrupted the global crude oil prices and escalated in 
increased volatility and oil price conflicts. Some of the most prominent studies 
in relation to public health crises and market reactions (e.g., Schell et al. 2020; 
Huynh et  al. 2020; Goodell and Huynh 2020; Pham and Huynh 2020) estab-
lished a relation that energy market risk remains higher amid unprecedented 
event like pandemic COVID-19. Hence, unlike the previous studies, our study 
contributes in terms of energy stock indexes, crude oil futures, energy ETFs, and 
investors’ sentiment in the energy trading amid COVID-19 infectious diseases 
outbreak.

3  Data description and preliminary analysis

3.1  Data sources and description

The pandemic COVID-19 has bent the major global crisis in generations, trans-
fer shock waves over health systems, economies, and societies around the world. 
The energy market has shown an unprecedented overreaction. Administrations 
are engrossed in bringing the disease under control and stimulating their econo-
mies. The disruption of economic activity has led to a decline in demand for 
energy between 18 and 25%. Consequently, it resulted in a higher risk premium 
and lower returns in the energy markets. Our empirical work demonstrates 
returns and volatility relations amid COVID-19 in the energy markets, present-
ing a comprehensive analysis concerning energy stocks index, futures contract, 
energy ETFs, and energy ex ante volatility indexes. Our empirical study in rela-
tion to a pandemic is based on the daily prices of the energy market; the sam-
ple period ranges from January 1, 2011, to May 31, 2020 (Martín‐Oliver and 
Silaghi 2020; Ichev and Marinč 2018). The energy market-linked stock indexes 
are Dow Jones US Oil and Gas Index (DJUSEN), S&P 500 Energy Index (SPN), 
and Dow Jones Commodity Index (DJCI). DJUSEN index measures the perfor-
mance of oil and gas companies in the USA. SPN, another energy sector index, 
consists of firms encompassed in the S&P 500 designated as the GICS® energy 
market members. In our market model, we need a broad market benchmark 
index; we employ DJCI, an overall measure of the commodity futures market 
that stresses divergence and liquidity based on the equally weighted schemes. 
Besides, we consider the daily price of Crude Oil WTI Futures and Brent Crude 
Oil Futures for the stated sample. Further, our study attempts to analyze energy 
ETFs’ performance such as iShares US Energy ETF, ProShares Short, and Gas 
ETF, ProShares Ultra Oil, and Gas ETF ProShares Ultra Oil and Gas ETF (see 
"Appendix A"). Our study also examines the investors’ fear in the energy mar-
ket gauged in terms of OVX, VXXLE, and OIV volatility indexes (see "Appen-
dix B"). Our empirical model employs various pandemic-related events and 
announcements such as a weekly measure to combat COVID-19, Federal actions, 
FOMC minutes, WHOs reports, and Unemployment and GDP data releases (see 
"Appendix C").
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3.2  Descriptive statistics and preliminary analysis

Figure 1 displays the plot of COVID-19 growth cases in China and the USA. The 
chart shows daily and total COVID-19 cases in China and the USA; it is apparent 
that daily new China cases were increasing during February 2020. The USA started 
takeoff from March 2020 and grew exponentially through March–April and mar-
ginally declining in May 2020. The increased cases of COVID-19 have disrupted 
the global supply chain and financial system; lockdown and suspension of interna-
tional travel have resulted in decreased consumption of fuel and, consequently, lack 
of demand for crude oil. The oversupply of crude, storage issue, and OPEC nego-
tiations have raised uncertainty in the energy market, and still, WTI and Brent are 
struggling to find the best price of global crude oil.

Table 2 displays the summary statistics in relation to energy market indexes, com-
modity index, and equity market indexes. Panel A exhibits descriptive measures for 
the full sample, and Panel B shows for the pandemic outbreak period (DONs, dis-
ease outbreak news). First, we compare the average returns among all markets. We 
can see that energy and commodity markets experienced negative returns, while the 
equity market segment has yielded positive returns. Albeit, during the pandemic ses-
sion, both markets have observed negative returns, but energy markets reported the 
highest adverse return. Looking at the maximum and minimum level of the indexes 
during the pandemic crisis, the low level of DJSEN found to be 193.83, and the 
peak was 505.18, with an average reading of 352.96. We find similar patterns for 
other commodity and equity indexes. There has been a vast difference between max 
and min values, indicating an unprecedented impact of COVID-19. The dispersion 
measure shows that energy and commodity experienced an enormous amount of 
volatility compared to equity markets. Further, indicators of normality also appear 
to be non-normal.

Table 3 describes the Futures market of WTI and Brent Crude oil. One can see 
that during the pandemic, WTI traded minus 37.63 with an average level of 36.92. 
At the same time, Brent was at a minimum of 19.33 with a mean level of 42.50. One 
can see that Brent yields better returns than the WTI during the pandemic period, 
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Fig. 1  COVID-19 outbreak cases in China and USA, December 29, 2019, to May 31, 2020
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and further WTI appears to be more volatile than the Brent. Figure  2 visualizes 
WTI and Brent’s co-movement following the market infection, and it is visible that 
IDsMV tracker reaches its peak during March 2020 and crude oil futures traded his-
torically low. And during the second phase of the pandemic outbreak, during the 
April WTI first time in history traded negatively.

Table 3  Descriptive statistics on the global crude oil futures

Panel A: Full sample 01/31/2011–05/31/2020

WTI Return BRENT Return

Mean 69.49 − 0.03% 77.60 − 0.05%
Maximum 113.93 31.96% 126.65 19.08%
Minimum − 37.63 − 28.22% 19.33 − 27.98%
Std. Dev. 23.70 0.0271 27.70 0.0231
Skewness 0.10 0.30 0.15 − 1.05
Kurtosis 1.87 34.16 1.58 26.07
Observations 2390 2390 2390 2390

Panel B: Pandemic period 12/29/2019–05/31/2020

WTI Return BRENT Return

Mean 36.92 − 0.04% 42.50 − 0.58%
Maximum 63.27 31.96% 68.91 19.08%
Minimum − 37.63 − 28.22% 19.33 − 27.98%
Std. Dev. 17.06 0.0857 15.62 0.0629
Skewness − 0.62 0.20 0.23 − 1.02
Kurtosis 4.50 7.24 1.48 8.97
Observations 108 108 108 108
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Table 4 exhibits the market performance of exchange-traded funds (ETFs) avail-
able on most actively traded energy stocks. One of the essential observations from 
the descriptive statistics is that all ETFs have reported negative returns when look-
ing at the sample as a whole while seeing the pandemic outbreak period DDG-ETF 
(0.18%) and DIG-ETF (0.14%) revert with the positive returns. It implies that energy 
EFTs better track the energy markets’ performance and yield better returns following 
tail events. Also, one can notice that during the COVID-19 infection period, iShares 
and ProShares Ultra Oil and Gas ETFs appear to be negative and are in line with the 
returns of DJUSEN and SPN. The detailed analysis insights that ProShares Short Oil 
and Gas and ProShares UltraShort Oil and Gas ETFs are more defensive following 
the tail events.

Table 5 shows a summary of the important energy markets’ volatility indexes. 
VIX is the official trademark of the CBOE. The CBOE has licensed the product to 
other exchanges to calculate volatility indexes that varied financial assets and the 
energy market as well. VIX index is the forecast of the future expected volatil-
ity, which is to be realized in the next 20–22 trading days. The implied volatility 
index is an ex ante measure of the investors’ fear and anxiety, which is observed 
in the traded call or put option prices. OVX is one of the most preferred readings 
of the investors’ sentiment in the energy market. During the pandemic, the aver-
age reading was 89.88%, with a maximum of 325.15% and a minimum of 27.66%. 
Similarly, VXXLE, a volatility index of the energy sector, seems to be, on aver-
age, 51.62%, Max. (130.61%) and Min. (15.10%). Looking at these numbers, 

Table 4  Descriptive statistics of the important ETFs available for the energy stocks

Panel A: Full sample 01/31/2011–05/31/2020

IYEETF Return DDGETF Return DIGETF Return DUGETF Return

Mean 39.95 − 0.03% 27.65 − 0.01% 433.22 − 0.09% 59.95 − 0.04%
Maximum 57.72 14.92% 54.60 18.46% 906.10 27.42% 169.15 35.15%
Minimum 12.58 − 23.14% 20.67 − 17.83% 33.60 − 47.73% 28.25 − 38.76%
Std. Dev. 6.90 0.0167 4.79 0.0173 158.04 0.0325 25.85 0.0325
Skewness − 0.38 − 1.51 1.15 0.43 0.47 − 1.73 1.35 − 0.19
Kurtosis 4.73 29.44 4.58 19.27 3.46 30.56 4.27 23.06
Observations 2390 2390 2390 2390 2390 2390 2390 2390

Panel B: Pandemic period 12/29/2019–05/31/2020

IYEETF Return DDGETF Return DIGETF Return DUGETF Return

Mean 22.78 − 0.42% 32.73 0.18% 129.22 − 1.07% 63.48 0.14%
Maximum 32.54 14.92% 54.60 18.46% 262.80 27.42% 169.15 35.15%
Minimum 12.58 − 23.14% 24.22 − 17.83% 33.60 − 47.73% 37.24 − 38.76%
Std. Dev. 6.17 0.0481 7.33 0.0460 78.23 0.0916 29.08 0.0928
Skewness 0.21 − 1.05 1.10 0.14 0.44 − 1.20 1.75 − 0.26
Kurtosis 1.57 8.50 3.62 6.98 1.52 9.39 5.66 7.07
Observations 108 108 108 108 108 108 108 108
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Table 5  Descriptive statistics on the energy markets’ investors’ sentiment indexes

Panel A: Full sample 01/31/2011–05/31/2020

OVX VXXLE OIV

Mean 35.73 24.06 40.52
Maximum 325.15 130.61 1418.47
Minimum 14.50 11.71 13.47
Std. Dev. 20.27 11.11 67.24
Skewness 5.25 4.00 11.61
Kurtosis 45.95 26.65 163.57
Observations 2391 2391 2391

Panel B: Pandemic period 12/29/2019–05/31/2020

OVX VXXLE OIV

Mean 89.88 51.62 204.95
Maximum 325.15 130.61 1418.47
Minimum 27.66 15.10 27.43
Std. Dev. 60.15 30.72 264.37
Skewness 1.04 0.58 2.17
Kurtosis 3.93 2.41 7.51
Observations 108 108 108

Table 6  Correlation coefficient matrix

Significant at *1%, **5%, ***10% level

Full sample Sub-sample (DONs)

Energy mar-
kets indicators

EPU p value IDsMV p value EPU p value IDsMV p value

DJCI 0.0273 0.183 − 0.2575 0.000* − 0.9075 0.000* − 0.7197 0.000*
DJUSEN − 0.4175 0.000* − 0.5087 0.000* − 0.8490 0.000* − 0.8837 0.000*
SPN − 0.4438 0.000* − 0.5334 0.000* − 0.8481 0.000* − 0.8845 0.000*
WTI − 0.0732 0.000* − 0.3064 0.000* − 0.8685 0.000* − 0.7292 0.000*
BRENT − 0.0024 0.907 − 0.2798 0.000* − 0.8973 0.000* − 0.7905 0.000*
IYEETF − 0.4206 0.000* − 0.5137 0.000* − 0.8553 0.000* − 0.8814 0.000*
DDGETF 0.4648 0.000* 0.3527 0.000* 0.6083 0.000* 0.8811 0.000*
DIFETF − 0.3053 0.000* − 0.3705 0.000* − 0.8706 0.000* − 0.8453 0.000*
DUGETF 0.3292 0.000* 0.1398 0.000* 0.4297 0.000* 0.8027 0.000*
OVX 0.5754 0.000* 0.7492 0.000* 0.8024 0.000* 0.7509 0.000*
VXXLE 0.5765 0.000* 0.7584 0.000* 0.7182 0.000* 0.9096 0.000*
OIV 0.5466 0.000* 0.5807 0.000* 0.6146 0.000* 0.3341 0.000*
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one can infer that pandemic has caused a significant amount of panic and fear 
among the energy investors and an excessive burden on the energy options that 
resulted in the increased amount of risk premium. On the other hand, OIV is 
NYMEX WTI Futures-based implied volatility index, and the average OIV meas-
ured 40.52% (full sample) and 204.95% (pandemic period). It means that there 
is a lack of hedge funds to manage crude oil risk; overburden on the crude oil 
options results in large fluctuations of options price, consequently higher level of 
expected energy market volatility.

Table 6 demonstrates the correlation coefficient between energy markets and 
economic and pandemic uncertainty. By convention, assets’ price and uncertainty 
are negatively associated, and market volatility should rise when uncertainty 
increases. We can see that the energy market and uncertainty market indicators 
(economic policy uncertainty and infectious diseases market volatility) exhibit 
significant adverse associations (full sample) and appear about twice during the 
pandemic outbreak period. The WTI and Brent also responded negatively during 
the disease outbreak news period. One of the essential observations is that ETFs, 
namely DDG and DUG, remain insensitive to COVID-19 infection and economic 
uncertainty. The energy market uncertainty (OVX-VXXLE-OIV) and pandemic 
outbreak show a significant positive association. The degree of association is 
more pronounced during the DONs period. One can see that the coefficient of 
correlation between VXXLE and IDsMV stood at 0.91. Figure 3 shows the energy 
market volatility expressed as absolute values of returns calculated for the energy 
indexes. We can see that energy market volatility is more pronounced following 
the pandemic session from February–April 2020 and then decline exponentially.
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Fig. 3  Energy markets volatility—absolute returns
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4  Empirical model and hypothesis development

The relation between COVID-19 and the energy market crisis is presented threefold: 
an unconditional analysis, a conditional volatility framework, and an investors’ sen-
timent model.

4.1  Unconditional model

We employ an extended market model to probe into the risk-return trade-off amid 
COVID-19 in the energy markets (e.g., Lean and Nguyen 2014; Martín‐Oliver and 
Silaghi 2020). We consider multiple numbers of dummies in our excess return mar-
ket model and denoted with Dt . Dt assumes one for the COVID-19 development oth-
erwise zero—such as weekly disease outbreaks news, WHO announcement, FOMC, 
and Federal announcements. The excess returns market model,

Equation (1–2) is the baseline model, and we further modify the model by tak-
ing into account economic policy uncertainty (EPU) and infectious disease market 
volatility tracker (IDsMV). The augmented regression specification is expressed as

where Ri,t = log-transformed contemporaneous returns on the energy sector 
indexes (Dow Jones US Oil and Gas Index, S&P500 Energy Index, WTI Futures, 
Brent Futures, iShares US Energy ETF, Pro-Shares Short Oil and Gas ETF, Pro-
Shares Ultra Oil & Gas, Pro-Shares Ultra-Short Oil and Gas). Rm,t = log-trans-
formed contemporaneous returns on the benchmark commodity index (e.g., Dow 
Jones Commodity Index). Rf  = the risk-free rate proxied from US treasury bill 
rates.Δln(EPU)t−1 = the change in the economic policy uncertainty with one period 
lag. Δln(IDsMV)t−1 = a change in the infectious diseases market volatility tracker 
with one period lag (Baker et al. 2020a). Di,t = disease outbreak new period. Dji,t = 
the COVID-19 development phases during weeks or months. Further, it measures 
the period for major Federal decisions (Zaremba et al. 2020), e.g., FOMC statement 
days, bailout package, quantitative easing. Our empirical hypothesis stands, “Energy 
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market excess returns and COVID-19 are adversely associated,” while “Energy mar-
kets’ returns and Federal announcement are positively associated.”

4.2  Conditional model

We further present our COVID-19-induced conditional volatility framework using 
the GJR-GARCH model. Market volatility is recognized in terms of volatility clus-
tering. A volatile period tends to persist due to the pandemic news (DONs) out-
break before the market proceeds to normalcy. Most widespread studies show that 
historical volatility models forecast better than ARCH and stochastic volatility mod-
els (e.g., Taylor 1987; Figlewski 1997; Green and Figlewski 1999; Andersen et al. 
2001; and Taylor 2004). ARCH models do not use the past standard deviations but 
formulate conditional variance with maximum likelihood procedure. GARCH model 
(Benzid and Chebb 2020) that also allows for asymmetrical dependencies includes 
the GJR-GARCH proposed by Glosten et al. (1993) and application of GJR-GARCH 
model in the ASEAN (Association of Southeast Asian Nations) market well docu-
mented by Nguyen and Huynh (2019) and Duong and Huynh (2020). In order to 
regard information of asymmetry of the DONs, we model the energy market volatil-
ity using the GJR-GARCH (1,1) model as follows:

Let, Ri,t be the log-transformed returns on the ith energy markets indexes,

Dt−1 = 1, if ∈t−1 < 0, otherwise 0, if ∈t−1 ≥ 0, the conditional volatility appears to 
be positive when estimates fulfill ω0 > 0, �j + �j ≥ 0 and �i ≥ 0 for i = 1,…, p and 
j = 1,…,q. The GJR-GARCH process is said to be covariance stationery if

The one-step-ahead forecast of the GJR-GARCH (1,1) process is

We store the forecasted variance of various energy market indexes and run regres-
sion on the volatility ( VOLi,t ) with COVID-19-induced indicators.

(6)Ri,t = �+ ∈t
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√
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4.3  Investors’ sentiment‑based model

Samuel et al. (2020) explore the likely impact of coronavirus on public sentiment 
and find that COVID-19 infection has resulted in extreme feelings, emotional and 
mental healthcare issues. They also detect the presence of high fear, confusion, and 
volatile sentiments. Bansal (2020) further identifies some of the causes for the recent 
market crash and increased equity market volatility through the lens of behavioral 
finance and finds that overconfidence, representative bias, herding behavior, and risk 
aversion are some of the leading indicators of market turmoil. When investors face 
a tail event, they rush for their portfolio’s protections; mostly futures and options 
act as a hedge against market adversity. Our study considers widely tracked inves-
tors’ fear index popularly known as VIX and published in real time. The implied 
volatility index is expressed in the percentage term, and it is calculated based on 
the traded market price of the options. We employ three energy market volatility 
indexes, namely OVX, VXXLE, and OIV. Volatility indexes forecast the future real-
ized volatility with a horizon of 20–22 trading days (Papadamou et al. 2020). The 
empirical specification to uncover the effects of pandemic infection on the energy 
market is expressed as

where logIVIii,t = log-transformed values of OVX, VXXLE, and OIV, �0 = the inter-
cept coefficient measures the investors’ sentiment or level of volatility index dur-
ing the non-pandemic period; it should be positive and statistically significant. 
Return

Underlying

t  = act as a control variable because returns and volatility are inversely 
associated; the respective underlying of the volatility indexes are USO-ETFs, XLE-
ETF, and WTI futures on which options are written with near-month expiration. 
Dji,t = the dummy variable that assumes one for the important event under consid-
eration; otherwise, zero. j = Weekly dummies, WHOs announcement, Fed’s FOMC 
statement, GDP, and unemployment report. The slopes associated with Dji,t should 
appear positive and statistically significant with the fear of COVID-19 infection.

5  Results and discussion

5.1  Pandemic uncertainty and energy markets

Table 7 shows the regression outcome concerning the pandemic outbreak based on 
our market model. The intercept coefficient was positive and statistically signifi-
cant (across Panel A, B, and C) for the WTI, Brent, and DIG-ETF market, which 
implies an increasing tendency of energy market returns subject to other economic 
and political events. The intercept estimate of ETFs (i.e., DDG and DUG) appears to 
be negative and statistically significant, indicating a decreasing tendency of returns 
following market uncertainty (Lean and Nguyen 2014). Now looking at the excess 
market returns slope, which appears to be positive (DJUSEN, SPN, WTI, Brent, 
IYE, and DDG) and more than unity, represents energy market returns sensitivity 

(11)log IVIii,t = �0 + �1Return
Underlying
t + �j2Dji,t + e�

t
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concerning systematic risk. It implies that the above-mentioned energy markets 
portfolio is aggressive to market shock and overreaction to the market-wide risk. 
However, the estimated beta (excess market returns) for the ETFs (DDG and DUG) 
was calculated adversely and statistically significantly. One of the essential findings 
is that DDG and DUG funds are less responsive to the market risk and can act as 
a defensive asset class for risk management. Further, we can see that estimates in 
relation to the DONs period appear negative for all markets except for DDG and 
DUG. It indicates that the news about pandemic infections does not matter for the 
DDG and DUG funds. Unlike studies of Ji et al. (2020), these funds represent a safe-
haven for ETF investors. Now, moving on to the estimate of DON*Excess Returns, 
market risk beta was found to be less than unity for the DJUSEN, SPN, IYE, and 
more than one for the WTI and Brent. Hence, at this point, one can say that crude 
oil futures are more aggressive to market ups and downs. Moreover, EFTs such as 
DDG and DUG help the investor in risk aversion. We further examine the effects of 
economic uncertainty with one-period lag values of EPU; one can see that WTI and 
Brent market were responding adversely following the recent economic and politi-
cal announcements. But when looking at the interaction of DON x Δ logEPU(− 1), 
pandemic-induced uncertainty negatively impacts the energy market except to cer-
tain ETFs (i.e., DDG&DUG). The last panel represents the behavior of the energy 
sector amid infectious diseases market volatility (IDsMV). The estimates on the Δ 
logIDsMV(− 1) and DON x Δ logIDsMV(− 1) provide insights that pandemic infec-
tions impact the energy market adversely. The next paragraph brings more detailed 
evidence on the COVID-19-induced uncertainty and energy market performance.

Table 8  Energy markets return behavior during the various phases of COVID-19 infections

Table shows the regression results for the energy markets amid COVID-19 taking into account phases of 
diseases outbreak news (DONs). Standard errors and covariance are consistent with autocorrelation and 
heteroskedasticity of Newey−West. Significant at *1%, **5%, ***10% level

Energy 
market

DJUSEN SPN WTI BRENT IYE DDG DIG DUG

Intercept 0.00216 0.00154 0.02326 0.01819 0.00210 − 0.03787 0.02128 − 0.05855
t-stat 1.16 0.83 8.50* 8.30* 1.14 − 19.31* 6.45* − 15.75*
Excess_

Return
1.08953 1.06145 2.01129 1.79043 1.08775 − 0.64972 1.93149 − 1.53513

t-stat 13.51* 13.17* 16.97* 18.97* 13.59* − 7.60* 13.47* − 9.57*
DONs−I − 0.00396 − 0.00377 − 0.00746 − 0.00572 − 0.00370 0.01489 − 0.01322 0.02414
t-stat − 1.82*** − 1.73*** − 5.75* − 3.56* − 1.70*** 4.42* − 2.59* 4.13*
DONs−II − 0.01224 − 0.01150 − 0.03273 − 0.03223 − 0.01304 0.03030 − 0.04627 0.04169
t-stat − 0.91 − 0.86 − 6.91* − 6.28* − 1.02 2.06** − 1.64*** 1.56
DONs−III 0.01450 0.01449 0.00956 − 0.00252 0.01463 0.01027 0.01411 0.00520
t-stat 3.30* 3.29* 0.45 − 0.14 3.30* 2.39** 1.67*** 0.62
DONs−IV − 0.00658 − 0.00599 0.00385 − 0.00568 − 0.00598 0.02825 − 0.02363 0.04401
t-stat − 1.86*** − 1.75*** 0.62 − 1.15 − 1.72*** 7.50* − 3.46* 6.16*
Adj.  R2 0.42 0.41 0.56 0.60 0.41 0.16 0.36 0.23
F-stat 284.63* 277.84* 505.99* 589.28* 283.17* 76.30* 229.02* 119.36*
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Table 8 shows the excess market return model results formulated in terms of the 
diseases outbreak news (DONs) timeline. The timeline DONs-I set to be ranging 
from January–February 2020, and this is the initial incubation period of outbreak of 
virus with epicenter Wuhan, China. We can see that contagious infectious diseases 
have disrupted the major energy market; most slopes appear negative and statisti-
cally significant. China has imposed lockdown, social distancing, and travel ban dur-
ing this period, which has resulted in a decrease in the demand for energy utility; 
hence, one can see that WTI and Brent, the global crude oil source, affected signifi-
cantly. One can notice during DONs-I, ETFs (DDG and DUG) outperformed with 
significant positive returns. The period DON-II is the third month of the first quarter 
of 2020; during March, the pandemic virus COVID-19 started growing exponen-
tially across Europe, Italy, France, and Germany, which became major COVID-19 
victim countries. During this period, furthermost of the energy markets responded 
adversely, and again DDG and DUG remain resilient through the entire pandemic 
period. The DONs-III is a period with a rapid outbreak of pandemic in the USA and 
Asian countries. But looking at the estimates, one can say that during this period 
energy market rebounded to its original conditions. The DON-IV is the fifth month 
with some signs of recovery cases in the USA and other countries. DON-III and 
DON-IV are the period of strict lockdown, domestic and international travel, and 
transportation that has significantly hampered energy utility demand. Consequently, 
the cumulative fear and panic in the market affect energy trading adversely, and it is 
quite apparent from the last row of the table.

Table 9 exhibits a further detailed analysis of the pandemic outbreak’s effects in a 
various phased manner. The results are presented in terms of 15 dummies designated 
with a particular timeline (see "Appendix D"). December 1, 2019, to January 17, 
2020, is assumed with dummy D1, the pandemic COVID-19, the first case reported 
in China, and the outbreak spread in other countries. During this period, the global 
standard crude oil market (WTI and Brent) affected significantly, and DJUSEN and 
SPN energy stocks also exhibited negative returns. When looking at the weekly 
dummies (DW2-DW15), eight dummies out of 14 appear negative and significant. 
It implies that weekly pandemic outbreak shock has contributed adversely across 
energy stocks, crude oil futures, and ETFs trading (Çıtak et al. 2020). But one can 
see that through DW11–DW15, a weekly update on the COVID-19 further boosted 
the market sentiment in energy firms (DJUSEN and SPN), while WTI and Brent 
experienced negative returns. The last three weeks of April 2020 were found as 
relaxation in the lockdown. The reopening of the markets has with some global 
political interventions such as suspension of immigration, contractions of China’s 
GDP, and the USA. Moreover, interestingly one can see that again, through most 
of the pandemic session, exchange-traded funds (DDG and DUG) yield positive 
returns to energy traders.

Table 10 presents the energy market responses to the WHO’s and CDC announce-
ments (see "Appendix C"). Our study mainly considers six major announcements 
in relation to the COVID-19 outbreak and health emergency steps. The WHO’s 
report’s dummies are denoted by DWHO1-5 and US Centers for Disease Control 
and Prevention with DCDC6. DWHO1 covers the period from January 4, 2020, to 
January 20, 2020. January 4 is the day on which WHO reported the first case of 
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Table 9  Energy markets return behavior amid COVID-19 weekly growth

Table shows the regression results for the energy markets amid COVID-19 taking into account diseases 
outbreak news (DONs) with weekly updates and administrative actions. Standard errors and covariance 
are consistent with autocorrelation and heteroskedasticity of Newey−West. Significant at *1%, **5%, 
***10% level

Energy 
market

DJUSEN SPN WTI BRENT IYE DDG DIG DUG

Intercept 0.00140 0.00079 0.02352 0.01790 0.00143 − 0.03606 0.01913 − 0.05560
t-stat 0.85 0.49 8.67* 8.38* 0.87 − 19.52* 6.65* − 16.27*
Excess_

Return
1.05882 1.03094 2.01898 1.77782 1.05973 − 0.57961 1.84565 − 1.42054

t-stat 14.88* 14.62* 17.24* 19.33* 14.92* − 7.30* 14.84* − 9.74*
D1 − 0.00031 − 0.00027 − 0.00527 − 0.00445 − 0.00146 0.00609 − 0.00347 0.00976
t-stat − 0.39 − 0.35 − 3.91* − 4.14* − 1.48 5.11* − 2.16** 4.66*
DW2 − 0.00183 − 0.00153 − 0.00658 − 0.00475 − 0.00172 0.01329 − 0.00883 0.02041
t-stat − 1.57 − 1.31 − 4.42* − 3.60* − 1.51 14.68* − 4.36* 11.49*
DW3 − 0.00477 − 0.00479 − 0.00329 − 0.00175 − 0.00453 0.01822 − 0.01629 0.02928
t-stat − 2.08** − 2.03** − 1.95*** − 1.87*** − 1.98** 7.77* − 3.49* 6.25*
DW4 0.00142 0.00164 − 0.01128 − 0.01786 0.00149 0.00839 − 0.00200 0.01231
t-stat 0.64 0.76 − 9.55* − 3.94* 0.67 3.38* − 0.46 2.51**
DW5 − 0.00293 − 0.00245 − 0.00587 − 0.00003 − 0.00152 0.01073 − 0.00753 0.01685
t-stat − 1.65*** − 1.29 − 3.97* − 0.01 − 0.88 4.90* − 2.18* 5.01*
DW6 − 0.00460 − 0.00433 − 0.00692 − 0.00549 − 0.00462 0.01422 − 0.01369 0.02501
t-stat − 3.40* − 3.30* − 3.10* − 3.15* − 3.45* 8.60* − 5.17* 8.11*
DW7 − 0.01826 − 0.01825 − 0.01511 − 0.01036 − 0.01798 0.03946 − 0.04922 0.06536
t-stat − 2.87* − 2.92* − 11.52* − 7.13* − 2.74* 7.39* − 3.91* 5.77*
DW8 − 0.01453 − 0.01309 − 0.02495 − 0.02802 − 0.01453 0.03498 − 0.04068 0.05679
t-stat − 4.13* − 3.67* − 5.80* − 8.78* − 4.44* 5.25* − 4.66* 5.26*
DW9 − 0.03735 − 0.03674 − 0.02991 − 0.03629 − 0.03778 0.05759 − 0.11033 0.08076
t-stat − 1.86*** − 1.90*** − 1.66*** − 2.01** − 1.90*** 3.24* − 2.70* 2.24**
DW10 − 0.02585 − 0.02652 − 0.04805 − 0.02499 − 0.02577 0.03872 − 0.07403 0.06723
t-stat − 2.15** − 2.18* − 3.99* − 3.89* − 2.19** 2.71* − 3.32* 2.76*
DW11 0.01734 0.01903 − 0.03043 − 0.03337 0.01419 − 0.00331 0.01470 − 0.02742
t-stat 1.41 1.53 − 4.55* − 11.73* 1.23 − 0.23 0.63 − 0.95
DW12 0.00621 0.00721 0.03293 0.04518 0.00614 0.01467 − 0.00072 0.01693
t-stat 1.27 1.48 1.72*** 1.89*** 1.25 2.76* − 0.08 1.85***
DW13 0.03035 0.02998 − 0.07203 − 0.03327 0.03026 − 0.00855 0.04823 − 0.03128
t-stat 6.24* 5.92* − 6.67* − 6.95* 5.69* − 1.52 5.21* − 2.99*
DW14 0.00678 0.00679 − 0.04690 − 0.02347 0.00724 0.01848 − 0.00311 0.01922
t-stat 0.72 0.70 − 6.60* − 5.38* 0.76 1.71*** − 0.17 0.85
DW15 0.01840 0.01806 0.05543 − 0.01321 0.01828 0.00821 0.02207 0.00270
t-stat 3.64* 3.60* 2.39** − 0.64 3.50* 2.18** 2.44** 0.35
Adj.  R2 0.43 0.43 0.59 0.61 0.43 0.16 0.38 0.23
F-stat 114.10* 112.02* 217.65* 231.27* 113.01* 28.63* 94.01* 46.26*
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unknown pneumonia and death. One can see that the news outbreak has negatively 
impacted the crude oil trading and further ETFs-DIG, but DDG and DUG keep on 
outperforming during the initial period of a pandemic outbreak. DWHO2 denotes 
the dummy that captures the pandemic phase from January 21, 2020, to January 
28, 2020, a period of sluggish infection in the USA. On January 21, the US State 
Department of Health, Washington, announced the first case of COVID-19 with 
Wuhan, China’s travel history. The spread of news significantly disrupted the energy 
stocks and global trade of crude oil. DWHO3 measures the energy market response 
after WHO has declared a novel coronavirus outbreak (COVID-19) as one of the 
public health emergencies of international concern. WHO report a novel coronavi-
rus on January 30, 2020, and this news has further reduced the energy market and 
futures price of Crude oil. DWHO4 denotes the day (February 11, 2020) on which 
WHO formally announced a new form of virus COVID-19; the degree of overreac-
tion appears to be very disappointing for the energy markets. DWHO5 shows the 
measurement of the recent coronavirus announcement as a pandemic infectious out-
break on March 11, 2020. Finally, the DCDC6 dummy measures the CDC’s action 
and the reporting of COVID-19 infections and the death of about 100,000 people 
in the USA. Again, this news further disrupted the energy stocks and trading of the 
crude oil futures. An essential observation from Table 10 is that through the entire 

Table 10  Energy markets return behavior during the WHOs announcements and CDC actions

Table shows the regression results for the energy markets amid COVID-19 taking into account WHOs 
announcements and CDC actions. Standard errors and covariance are consistent with autocorrelation and 
heteroskedasticity of Newey−West. Significant at *1%, **5%, ***10% level

Energy 
market

DJUSEN SPN WTI BRENT IYE DDG DIG DUG

Intercept 0.00212 0.00150 0.02374 0.01850 0.00208 − 0.03777 0.02130 − 0.05829
t-stat 1.06 0.75 8.03* 8.16* 1.05 − 18.59* 5.88* − 15.24*
Excess_

Return
1.08778 1.05994 2.03184 1.80339 1.08689 − 0.64534 1.93272 − 1.52447

t-stat 12.54* 12.24* 15.87* 18.47* 12.58* − 7.29* 12.27* − 9.23*
DWHO1 − 0.00079 − 0.00064 − 0.00825 − 0.00544 − 0.00084 0.00856 − 0.00536 0.01361
t-stat − 0.89 − 0.70 − 3.16* − 2.12** − 0.98 9.52* − 2.99* 7.45*
DWHO2 − 0.00352 − 0.00328 − 0.00363 − 0.00306 − 0.00326 0.01630 − 0.01307 0.02586
t-stat − 3.95* − 3.75* − 2.51** − 1.82*** − 3.66* 15.72* − 7.34* 13.62*
DWHO3 − 0.00057 − 0.00033 − 0.01034 − 0.01475 − 0.00016 0.01196 − 0.00635 0.01811
t-stat − 0.30 − 0.17 − 12.51* − 7.27* − 0.09 5.51* − 1.70*** 4.32*
DWHO4 − 0.01664 − 0.01586 − 0.01901 − 0.01733 − 0.01647 0.03189 − 0.04585 0.05134
t-stat − 2.46* − 2.48* − 2.20** − 1.72*** − 2.39** 3.50* − 2.50** 3.67*
DWHO5 0.00262 0.00284 − 0.00202 − 0.00963 0.00261 0.01876 − 0.01020 0.02228
t-stat 0.40 0.43 − 0.17 − 1.22 0.41 3.15* − 0.78 1.93***
DCDC6 − 0.00123 − 0.00077 − 0.01109 − 0.01537 − 0.00126 0.02483 − 0.01388 0.03717
t-stat − 0.25 − 0.16 − 3.85* − 3.29* − 0.26 5.63* − 1.52 4.09*
Adj.  R2 0.41 0.40 0.55 0.59 0.41 0.16 0.36 0.22
F-stat 239.67* 233.96* 416.32* 487.67* 237.75* 64.19* 190.31* 101.01*
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WHO’s announcements and pandemic infections, the ETFs (DDG & DUG) remain 
indifferent and yield optimistic energy traders’ yield.

Table 11 describes the energy market response to the federal announcements 
and macroeconomic outlook amid COVID-19 uncertainty. Our study mainly 
covers the FOMC statements, Federal fund rate changes, and macroeconomic 
report releases during the pandemic period. In order to combat such pandemic, 
crises administration declares put protection, bailout package, quantitative eas-
ing (QE), so as eventually market can revert to the normalcy. Hence, federal 
support and ease of monetary policy should show a positive shock on the energy 
markets. We create six dummies (DFED1-6) that capture the Federal reserve 
the day of the announcement and surrounding period. DFED1 measures the 
response of the energy market from February 28 to March 14, 2020. During this 
period, Fed started a review of the current economic development and combat-
ing the risk of corona infection to economic activity. Fed called an unsched-
uled FOMC meeting on March 3, 2020, and decided to lower the fund rates by 
50 basis points. Looking at the estimates, one can see that the energy market 
remains insensitive to Fed’s announcements and overreaction with a negative 
return. DFED2 denoted further actions from the Fed on March 15, 2020. FOMC 
committee took three essential steps: lower fund rate 100 basis point, credit sup-
port for the household, and swap line with the world’s major central banks of 

Table 11  Energy markets return behavior during the Fed’s announcements

Table shows the regression results for the energy markets amid COVID-19 taking into account Fed’s 
announcements. Standard errors and covariance are consistent with autocorrelation and heteroskedastic-
ity of Newey−West. Significant at *1%, **5%, ***10% level

Energy 
market

DJUSEN SPN WTI BRENT IYE DDG DIG DUG

Intercept 0.00177 0.00113 0.02238 0.01752 0.00174 − 0.03703 0.02025 − 0.05707
t-stat 1.07 0.69 8.81* 8.64* 1.05 − 20.76* 7.02* − 17.16*
Excess_

Return
1.07625 1.04746 1.97850 1.76589 1.07557 − 0.62516 1.89842 − 1.49090

t-stat 14.94* 14.64* 17.93* 20.18* 14.99* − 7.97* 15.05* − 10.33*
DFED1 − 0.02045 − 0.01961 − 0.02649 − 0.02949 − 0.02043 0.04170 − 0.06365 0.05988
t-stat − 1.89*** − 1.85*** − 3.30* − 3.66* − 1.89*** 3.83* − 2.59** 3.03*
DFED2 − 0.02574 − 0.02642 − 0.04802 − 0.02494 − 0.02565 0.03845 − 0.07372 0.06678
t-stat − 2.16** − 2.19** − 3.95* − 3.84* − 2.20** 2.75* − 3.37* 2.80*
DFED3 0.01858 0.01967 − 0.01201 − 0.00162 0.01760 0.00003 0.02106 − 0.01621
t-stat 3.40* 3.58* − 1.15 − 0.10 3.21* 0.01 1.91*** − 1.16
DFED4 0.01462 0.01431 − 0.01052 − 0.02996 0.01468 0.01409 0.01345 0.01153
t-stat 1.92*** 1.84*** − 0.40 − 4.29* 1.89*** 1.97*** 0.91 0.81
DFED5 − 0.00964 − 0.00888 0.05479 0.02033 − 0.00982 0.02847 − 0.03069 0.04513
t-stat − 1.63 − 1.53 1.27 1.42 − 1.68*** 4.73* − 2.71* 3.67*
DFED6 − 0.00386 − 0.00346 0.00113 − 0.00879 − 0.00316 0.02489 − 0.01762 0.03786
t-stat − 1.13 − 1.02 0.17 − 1.90*** − 0.96 6.86* − 2.74* 5.46*
Adj.  R2 0.42 0.42 0.57 0.60 0.43 0.16 0.37 0.23
F-stat 253.43* 248.77* 448.07* 510.12* 250.83* 63.58* 203.57* 102.71*
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the US dollar liquidity. Again, we find a negative impact of such actions on the 
energy stocks, crude oil futures, and some ETFs. DFED3 considered the Fed’s 
new measures to support the economic activity on March 23, 2020. It consists 
of creating more liquidity in the economy through a bond-buying program and 
planned to inject up to $300 billion in the financial system. One can see that 
this announcement has created a positive sentiment in the market and lifted 
the energy stocks (DJUSEN and SPN), but WTI and Brent experience nega-
tive returns. Most of the ETFs responded positively to the Fed’s action. DFED4 
assumes the Fed’s declaration (April 9) of $2.3 trillion loan support to boost the 
financial institutions’ liquidity and assistance to the household and employees. 
Historically, this was the most significant bailout package to support economic 
activity. One can see that most energy market indicators appeared with positive 
returns, yet crude oil was struggling. DFED5 set to measure the effects of GDP 
on the energy markets announced on April 29. The real GDP fell by 4.8% in 
the first quarter of 2020. The news has further disappointed the market. Lastly, 
DFED6 gauges the effects of a report from the Bureau of Labour Statistics on 
non-farm employment data. There has been a rise of about 14.7% unemploy-
ment. The energy market has exhibited adversely that the crude oil futures Brent 
and ETFs-DIG have shown significant negative response to the massive job loss.

5.2  Modeling the energy market volatility amid COVID‑19

Figure  4 exhibits the time series plot of the energy markets’ volatility during the 
pandemic period (December 29, 2019–May 31, 2020). We model the conditional 
volatility for the sample using the GJR-GARCH model. Most of the energy indexes 
start experiencing a spike in volatility by the end of February and reach their peak 
level in March. COVID-19-induced volatility is more pronounced in the crude oil 
futures market. Energy stock indexes and ETFs do have one wave of pandemic-
induced volatility, while WTI and Brent do have two waves. The crude oil futures 
market starts exhibiting volatility from March and remains higher through and fall in 
April, but again, it has crossed the previous peak in May. We present how the pan-
demic outbreak timeline, WHO’s and Fed’s announcements increased the level of ex 
post energy market volatility.

Table 12 presents the movement of the energy market volatility during pandemic 
growth. We can see that most of the energy market indicators show a positive inter-
cept coefficient, which implies that except for COVID-19-induced uncertainty, some 
other economic and political factors have increased the energy market volatility. 
Further, we regress with weekly dummies (see "Appendix D") and find that COVID-
19 cases and action to combat the pandemic crises have disrupted the energy mar-
ket, which has resulted in an increased level of historical volatility. Moreover, in 
many instances, ETFs (DDG and DUG) experience a low degree of rising return 
volatility. Table 13 demonstrates the response of the energy market’s volatility amid 
WHO’s announcement. One can see that across all asset classes intercept coefficient 
appears positive and statistically significant. It indicates that economic and political 
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uncertainty is operative to explain the energy market volatility. We can see that mar-
ket was under normal state during the first two announcements from the WHO. In 
comparison, the next four reports have shown unprecedented overreaction of the 
energy market with an increased level of ex post volatility. The significant positive 
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Fig. 4  GJR-GARCH volatility during the COVID-19 infections period



463

1 3

Economic Change and Restructuring (2022) 55:433–484 

Table 12  Energy market volatility amid COVID-19 weekly growth

Table shows the regression results for the energy markets’ volatility amid COVID-19 taking into account 
weekly growth of the infection. Standard errors and covariance are consistent with autocorrelation and 
heteroskedasticity of Newey−West. Significant at *1%, **5%, ***10% level

DJUSEN SPN WTI BRENT IYE DDG DIG DUG

Energy market VOL1 VOL2 VOL3 VOL4 VOL5 VOL6 VOL7 VOL8
Intercept 0.00020 0.00019 0.00071 0.00058 0.00020 0.00027 0.00079 0.00094
t-stat 6.69* 6.26* 0.64 0.71 6.56* 1.40 7.34* 1.09
DW1 − 0.00008 − 0.00007 0.00031 0.00012 − 0.00005 0.00011 − 0.00033 0.00034
t-stat − 0.16 − 0.14 0.23 0.23 − 0.09 0.87 − 0.18 0.72
DW2 − 0.00005 − 0.00004 0.00036 0.00020 − 0.00002 0.00022 − 0.00022 0.00070
t-stat − 0.06 − 0.06 0.22 0.29 − 0.03 1.38 − 0.07 1.12
DW3 0.00002 0.00003 0.00046 0.00032 0.00006 0.00034 0.00004 0.00109
t-stat 0.04 0.06 0.26 0.42 0.13 1.85*** 0.02 1.52
DW4 0.00021 0.00023 0.00052 0.00039 0.00025 0.00055 0.00072 0.00187
t-stat 0.62 0.73 0.29 0.48 0.92 2.71* 0.50 2.36*
DW5 0.00034 0.00037 0.00057 0.00046 0.00041 0.00065 0.00115 0.00219
t-stat 1.71*** 1.93*** 0.33 0.55 2.37** 3.09* 1.43 2.60*
DW6 0.00067 0.00070 0.00062 0.00053 0.00076 0.00076 0.00232 0.00252
t-stat 5.19* 5.60* 0.37 0.63 6.39* 3.53* 4.61* 2.88*
DW7 0.00145 0.00148 0.00068 0.00062 0.00152 0.00089 0.00529 0.00297
t-stat 16.27* 16.82* 0.44 0.75 17.79* 4.09* 15.63* 3.30*
DW8 0.00275 0.00273 0.00099 0.00078 0.00271 0.00094 0.01027 0.00306
t-stat 44.57* 44.60* 0.74 1.00 44.19* 4.20* 45.06* 3.24*
DW9 0.00574 0.00558 0.00218 0.00179 0.00527 0.00138 0.02220 0.00475
t-stat 128.49* 124.92* 2.08 2.45** 114.92* 6.05* 135.70* 4.85*
DW10 0.00704 0.00687 0.00178 0.00145 0.00637 0.00093 0.02616 0.00325
t-stat 174.61* 171.66* 2.75* 1.72*** 153.28* 2.36** 156.44* 2.38**
DW11 0.00648 0.00631 0.00243 0.00129 0.00595 0.00046 0.02368 0.00151
t-stat 111.63* 111.04* 3.64* 1.43 101.36* 1.14 103.93* 1.08
DW12 0.00565 0.00553 0.00198 0.00123 0.00527 0.00060 0.02050 0.00239
t-stat 107.72* 107.49* 2.99* 1.30 99.23* 1.39 100.74* 1.66***
DW13 0.00407 0.00398 0.00136 0.00099 0.00389 0.00040 0.01471 0.00145
t-stat 84.82* 84.49* 2.27** 1.05 82.73* 0.79 78.33* 0.95
DW14 0.00270 0.00262 0.00078 0.00072 0.00263 0.00025 0.00973 0.00077
t-stat 60.83* 60.85* 1.59 0.94 64.88* 0.31 54.44* 0.45
DW15 0.00141 0.00138 0.00098 0.00047 0.00137 0.00002 0.00515 0.00006
t-stat 45.01* 45.30* 3.52* 1.91*** 49.60* 0.02 40.90* 0.03
Adj.  R2 0.74 0.69 0.71 0.68 0.89 0.83 0.88 0.87
F-stat 1618.36* 1651.95* 398.12* 338.74* 1595.22* 810.43* 1416.82* 1145.49*
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slope implies WHO-DONs matter for the energy market performance. Table 14 dis-
plays the response of energy market volatility during the Federal reserve’s major 
actions, here expressed in terms of FOMC meeting and fund rate change, GDP, 
and unemployment data. We can see that estimates across all Fed’s dummy stood 
positive and statistically significant. It indicates that Federal actions to combat the 
COVID-19 crisis fail to control the overreaction of the energy market’s performance.

5.3  Investors’ fear and panic in the energy market during the pandemic outbreak

Table 15 explains the behavior of the investors’ sentiment amid COVID-19. Here, 
OVX, VXXLE, and OIV are the measures of ex ante energy markets’ volatility 
expressed in percentage term. Let’s see the constant, which is found to be positive 
and statistically significant. It means the non-pandemic period also stood uncer-
tain for the energy market. Looking at the first two dummies, one can say that 
near month energy market volatility remains lower and approaching normalcy. 
OVX is the implied volatility index based on the ETFs-USO options and appears 
to be on the higher side through pandemic development. VXXLE is the volatility 
index based on ETFs-XLE options, which is also growing weekly since the last 
week of February. OIV also exhibits the future volatility of crude oil-based trad-
ing on options written on the WTI Futures (OL). The significant positive slope 

Table 13  Energy market volatility during the WHOs announcements and CDC actions

Table shows the regression results for the energy markets’ volatility amid COVID-19 taking into account 
WHOs announcements and CDC actions. Standard errors and covariance are consistent with autocorrela-
tion and heteroskedasticity of Newey−West. Significant at *1%, **5%, ***10% level]

DJUSEN SPN WTI BRENT IYE DDG DIG DUG

Energy 
market

VOL1 VOL2 VOL3 VOL4 VOL5 VOL6 VOL7 VOL8

Intercept 0.00019 0.00018 0.00045 0.00039 0.00019 0.00022 0.00074 0.00072
t-stat 19.16* 18.75* 20.68* 21.36* 19.86* 19.68* 18.80* 20.51*
DWHO1 − 0.00010 − 0.00010 − 0.00013 − 0.00009 − 0.00009 − 0.00012 − 0.00042 − 0.00040
t-stat − 9.47* − 9.42* − 3.23* − 3.71* − 8.83* − 9.82* − 9.74* − 10.45*
DWHO2 − 0.00003 − 0.00003 − 0.00006 − 0.00007 − 0.00003 − 0.00005 − 0.00015 − 0.00015
t-stat − 1.67*** − 1.59 − 2.08** − 2.85* − 1.67*** − 2.43** − 1.86*** − 1.93***
DWHO3 0.00008 0.00009 0.00000 0.00019 0.00008 0.00005 0.00032 0.00031
t-stat 6.37* 6.72* − 0.08 3.17* 6.14* 3.85* 6.12* 6.46*
DWHO4 0.00075 0.00074 0.00055 0.00063 0.00070 0.00053 0.00308 0.00222
t-stat 1.55 1.58 1.06 1.50 1.54 1.55 1.53 1.66***
DWHO5 0.00416 0.00410 0.01026 0.00727 0.00403 0.00268 0.01509 0.01142
t-stat 3.27* 3.26* 14.59* 12.92* 3.37* 3.30* 3.29* 3.73*
DCDC6 0.00060 0.00060 0.00483 0.00379 0.00058 0.00038 0.00220 0.00215
t-stat 11.42* 11.53* 20.34* 20.38* 11.85* 10.36* 11.15* 12.81*
Adj.  R2 0.56 0.56 0.88 0.85 0.58 0.52 0.56 0.60
F-stat 527.23* 527.91* 3010.70* 2404.21* 557.04* 443.38* 505.96* 618.76*



465

1 3

Economic Change and Restructuring (2022) 55:433–484 

indicates that investors’ worries and fear were at an extreme level. In order to 
hedge energy stocks, investors have paid a higher premium for the put options.4 
Table 16 shows the investor overreactions to the WHO’s announcement, which is 
gauged in implied volatility indexes. We can see that DWHO4-6 estimates appear 
favorable and significant and indicate that pandemic outbreak has shown extreme 
panic and anxiety among the energy traders. The dummy DCDC6 was exceed-
ingly positive and statistically significant, and plausibly it is due to the COVID-
19 fatality of 100,000 people. Table 17 brings some evidence on the Fed’s prompt 
actions to combat the pandemic outbreak, such as the Federal fund rate set to be 
0 to ¼ percent, $2.3 trillion of loan support, treasury, and liquidity ease. Conse-
quently, the Fed’s action should create more stability in the market, reducing fear 
and panic among the market participant. Hence, the energy market’s expected 

Table 14  Energy market volatility during the Fed’s announcements

Table shows the regression results for the energy markets’ volatility amid COVID-19 taking into account 
Fed’s announcements. Standard errors and covariance are consistent with autocorrelation and heteroske-
dasticity of Newey−West. Significant at *1%, **5%, ***10% level

DJUSEN SPN WTI BRENT IYE DDG DIG DUG

Energy 
market

VOL1 VOL2 VOL3 VOL4 VOL5 VOL6 VOL7 VOL8

Intercept 0.00019 0.00018 0.00045 0.00039 0.00019 0.00022 0.00075 0.00072
t-stat 19.46* 19.04* 20.96* 21.73* 20.18* 19.96* 19.08* 20.81*
DFED1 0.00344 0.00333 0.00351 0.00314 0.00324 0.00229 0.01406 0.00913
t-stat 2.30** 2.32** 1.96** 1.96** 2.31** 2.48** 2.31** 2.58*
DFED2 0.00987 0.00978 0.01120 0.00846 0.00926 0.00637 0.03525 0.02467
t-stat 31.29* 28.93* 10.15* 35.36* 28.76* 49.33* 49.52* 37.38*
DFED3 0.00661 0.00654 0.01228 0.00712 0.00640 0.00423 0.02336 0.01774
t-stat 7.37* 7.24* 13.43* 16.60* 7.63* 7.62* 7.65* 8.85*
DFED4 0.00237 0.00232 0.00929 0.00716 0.00239 0.00153 0.00855 0.00735
t-stat 7.61* 7.77* 29.44* 5.36* 7.83* 7.46* 7.83* 9.16*
DFED5 0.00124 0.00122 0.01158 0.00838 0.00126 0.00080 0.00456 0.00418
t-stat 54.37* 52.54* 20.23* 24.56* 67.59* 25.34* 50.35* 59.41*
DFED6 0.00077 0.00076 0.00620 0.00480 0.00075 0.00052 0.00282 0.00270
t-stat 7.42* 7.60* 7.55* 7.99* 7.17* 6.44* 7.42* 7.96*
Adj.  R2 0.83 0.84 0.88 0.83 0.84 0.77 0.81 0.83
F-stat 2044.42* 2112.25* 3124.77* 2050.32* 2090.13* 1373.02* 1743.91* 1970.96*

4 During the initial period of pandemic outbreak market shocked with the likely impact of COVID− 19, 
hence investors rush for hedge funds. A put/call ratio more than one implies excessive trading volume in 
the put options, consequently it led to higher premium on the put options and resulting higher implied 
volatility. The put/call ratio found to be more than one throughout the first quarter 2020 after the WHO 
announced COVID-19 as international health emergency. Put/call ratio is the measure of the market sen-
timent higher the ratio specifies excessive fear in the market.
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Table 15  Energy markets’ 
investors’ fear and panic amid 
COVID-19 weekly outbreak

Table shows the regression results for the energy markets’ ex ante 
volatility (option’s implied volatility) amid COVID-19 taking into 
account weekly growth of the infection. Standard errors and covari-
ance are consistent with autocorrelation and heteroskedasticity of 
Newey−West. Significant at *1%, **5%, ***10% level

Energy market OVX VXXLE OIV

Intercept 3.46142 3.09537 3.45899
t-stat 169.34* 181.88* 143.32*
Return − 0.74005 − 1.58116 0.57099
t-stat − 2.25** − 3.73* 0.87
DW1 − 0.09307 − 0.21207 − 0.11701
t-stat − 1.97** − 4.93* − 2.81*
DW2 − 0.05179 − 0.26862 − 0.01440
t-stat − 1.65*** − 9.44* − 0.40
DW3 0.15533 − 0.05006 0.19228
t-stat 7.05* − 2.62* 7.23*
DW4 0.18751 − 0.01083 0.23250
t-stat 7.80* − 0.57 9.21*
DW5 0.14789 − 0.04555 0.15114
t-stat 6.50* − 2.45** 4.54*
DW6 0.07092 − 0.05402 0.06477
t-stat 3.26* − 2.66* 2.36**
DW7 0.32078 0.46239 0.36322
t-stat 8.25* 5.07* 9.99*
DW8 0.50020 0.74541 0.53533
t-stat 17.51* 26.73* 13.45*
DW9 1.21138 1.36811 1.30008
t-stat 28.07* 22.19* 33.47*
DW10 1.53046 1.63479 1.63273
t-stat 23.43* 53.62* 25.85*
DW11 1.62693 1.49657 1.64429
t-stat 51.71* 55.52* 58.03*
DW12 1.66232 1.38174 1.58892
t-stat 54.85* 72.40* 25.88*
DW13 1.43185 1.28001 1.61039
t-stat 58.70* 45.84* 55.47*
DW14 1.23152 1.16869 1.44909
t-stat 41.96* 47.65* 47.84*
DW15 1.78377 1.11959 3.21921
t-stat 23.00* 18.89* 48.05*
Adj.  R2 0.27 0.29 0.31
F-stat 57.13* 63.88* 67.14*
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volatility (OVX, VXXLE, OIV) should revert to normalcy. It is apparent from 
the table that none of the slopes through DFED1-6 appears contrary. It implies 
that Federal actions amid COVID-19 are unable to reduce the likely impact of 
the pandemic crisis in the energy markets. The extreme level of ex ante volatility 
in the energy market indicates more panic among the crude oil traders. There is 
a shortage of derivatives products to hedge tail events in the energy market. The 
overburden on the energy options (put options) results in higher options’ premi-
ums, consequently higher implied volatility. Hence, exchanges need to be more 
innovative to offer the diverse nature of derivatives products for energy trading.

6  Robustness check

In this section, we further deliberate on the robustness check of the previous sec-
tion’s results. We presented the empirical evidence innovatively amid COVID-
19 based on the policy uncertainty (EPU), infectious diseases market volatility 
tracker (IDsMV), and further by taking into account Fed’s actions, FOMC state-
ment, GDP, and unemployment report. In this section, we demonstrate the per-
formance of the energy market based on the numbers and calculations of the 

Table 16  Energy markets’ 
investors’ fear and panic during 
the WHOs announcements and 
CDC actions

Table shows the regression results for the energy markets’ ex ante 
volatility (option’s implied volatility) amid COVID-19 taking into 
account WHOs announcements and CDC actions. Standard errors 
and covariance are consistent with autocorrelation and heteroskedas-
ticity of Newey−West. Significant at *1%, **5%, ***10% level

Energy market OVX VXXLE OIV

Intercept 3.45043 3.08567 3.43552
t-stat 176.08* 188.47* 170.92*
Return − 1.32224 − 2.05912 0.23063
t-stat − 3.89* − 5.08* 0.51
DWHO1 − 0.00443 − 0.27778 − 0.03976
t-stat − 0.18 − 6.42* − 1.19
DWHO2 0.03819 − 0.16519 0.09123
t-stat 0.85 − 4.03* 2.34**
DWHO3 0.19425 − 0.00814 0.26273
t-stat 9.33* − 0.47 12.14*
DWHO4 0.34524 0.38231 0.39636
t-stat 2.64* 1.75*** 2.53**
DWHO5 1.42724 1.22969 2.14793
t-stat 16.02* 12.44* 8.03*
DCDC6 0.91241 0.72344 2.06087
t-stat 25.73* 30.21* 99.54*
Adj.  R2 0.32 0.33 0.49
F-stat 164.21* 167.35* 327.24*
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COVID-19 outbreak. We set the following regression model in terms of the total 
number of cases of COVID-19,

where log(1 + Total_Covid19_Cases)t−1 is the log-transformed COVID-19 daily 
cases with one period lag. logIVIi,t is the log-transformed values of implied volatility 
indexes (OVX, VXXLE, OIV) for the energy market, and e′

t
 and e′′

t
 are the classical 

white noise process. The slope of Eq. (12) should appear negative, and estimate for 
Eq. (13) should be calculated positive.

Table 18 shows the impact of COVID-19-confirmed infection cases on the energy 
markets. First, we can see that market-specific beta appears positive for energy stocks 
and crude oil futures. WTI and Brent show that slope more than unity indicates over-
reaction of the crude oil traders to the market movements amid COVID-19 infection. 
At the same time, DJUSEN and SPN seem to be less aggressive. Once again, ETFs 
(DDG and DUG) estimates appear negative and statistically significant. It indicates 
that energy ETFs act as safe-haven in portfolio planning. The news about COVID-19 

(12)

(

Ri,t − Rf

)

= �0 + �1(Rm, t − Rf ) + �3 log (1 + Total_Covid19_Cases)t−1 + e�
t

(13)
log IVIii,t = �0 + �1Return

Underlying

t + �3 log(1 + Total_Covid19_Cases)t−1 + e��
t

Table 17  Energy markets’ 
investors’ fear and panic during 
the Fed’s announcements

Table shows the regression results for the energy markets’ ex ante 
volatility (option’s implied volatility) amid COVID-19 taking into 
account Fed’s announcements. Standard errors and covariance are 
consistent with autocorrelation and heteroskedasticity of Newey−
West. Significant at *1%, **5%, ***10% level

Energy market OVX VXXLE OIV

Intercept 3.45227 3.08430 3.43739
t-stat 178.84* 190.74* 173.61*
Return − 1.08736 − 1.84259 − 0.21978
t-stat − 3.40* − 4.28* − 0.59
DFED1 0.81730 1.04642 0.87351
t-stat 4.54* 6.69* 4.88*
DFED2 1.51580 1.63441 1.59947
t-stat 21.56* 48.22* 24.47*
DFED3 1.61529 1.43091 1.63752
t-stat 50.36* 35.41* 57.97*
DFED4 1.54863 1.18410 2.38702
t-stat 12.31* 45.94* 5.42*
DFED5 1.32520 0.98803 3.21731
t-stat 20.25* 54.53* 53.29*
DFED6 0.96008 0.79162 2.18374
t-stat 21.25* 18.75* 24.95*
Adj.  R2 0.33 0.34 0.51
F-stat 167.82* 180.52* 366.86*
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fatality and the number of deaths during the pandemic outbreak has negatively 
impacted the energy stocks and futures market. Table 19 further reports the investors’ 
sentiment during the infection period gauged in terms of implied volatility indexes. 
The estimates of COVID-19 cases across all volatility indexes appear positive and 
statistically significant (Baig et al. 2020). We can say that the rising cases of COVID-
19 infection affect the investors’ sentiment, and market participants are worried about 
protecting their energy investments. The increased level of energy markets’ volatility 
indicates a shortage of futures and options line in the energy market segment.

7  Conclusion and policy implications

The global energy sector has been solid hit by the pandemic and resulted in dwin-
dling demand; collective with the provisional upsurge in supply has caused the 
highest energy market volatility. In this article, we presented the behavior of the 
energy market amid the COVID-19 pandemic outbreak. Our work considers three 
different asset classes of energy markets: energy stock indexes, crude oil futures, 
and ETFs. Further, we demonstrated the investors’ fear and panic in the energy 
markets based on implied volatility indexes. The work also regards the disease 
outbreak news (DONs) in the form of WHOs announcement, Fed’s FOMC state-
ment, and GDP and unemployment report.

The increased cases of COVID-19 have disrupted the global supply chain and 
financial system. Lockdown and suspension of international travel have decreased 
fuel consumption and, consequently, lack of demand for crude oil. It has been 
observed that ProShares Short Oil and Gas and ProShares UltraShort Oil and Gas 
ETFs are found to be more defensive following the tail events. OVX is one of 
the most preferred readings of the investors’ sentiment in the energy market. On 

Table 19  Energy markets’ 
investors’ fear and anxiety on 
the total cases of COVID-19

Table shows the regression results for the energy markets’ investor 
fear and panic taking into account total confirmed cases of COVID-
19. Standard errors and covariance are consistent with autocorrela-
tion and heteroskedasticity of Newey−West. Estimation window 
from December 29, 2019, to May 30, 2020. Significant at *1%, 
**5%, ***10% level

Energy market OVX VXXLE OIV

Intercept 3.48126 3.03145 3.29689
t-stat 62.11* 30.88* 55.19*
Return − 2.23017 − 2.34951 0.73972
t-stat − 3.46* − 2.36* 1.05
Log(1 + TOTAL_

CASES(− 1))
0.10025 0.09223 0.18038

t-stat 9.81* 8.36* 11.73*
Adj.  R2 0.70 0.62 0.84
F-stat 124.84* 86.23* 281.03*
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average, reading stood 89.88% during the pandemic, with a maximum level of 
325.15% and a minimum of 27.66%.

The excess market returns, which appear favorable (DJUSEN, SPN, WTI, 
Brent, IYE, and DDG) and more than unity, indicate return sensitivity concerning 
systematic risk. However, the estimated beta (excess market returns) for the ETFs 
(DDG and DUG) was calculated adversely and statistically significantly. The 
essential findings are that DDG and DUG funds are less responsive to the mar-
ket risk and can act as a defensive asset class for risk management. The empiri-
cal results indicate that the news about pandemic infections does not matter for 
the DDG and DUG funds. These funds represent a safe-haven for ETF investors. 
Moreover, EFTs such as DDG and DUG help the investor in risk aversion. The 
statistical outcome reveals that WHO-DONs matter for the energy market perfor-
mance. Federal actions to combat the COVID-19 crisis fail to control the over-
reaction of the energy market performance. The significant positive slopes (OVX, 
VXXLE, OIV) indicate that investors’ worries and fear were at an extreme level. 
In order to hedge energy stocks, investors have paid a higher premium for the put 
options. Further, Federal actions cannot reduce the likely impact of the pandemic 
crisis in the energy markets amid COVID-19. The news about COVID-19 fatality 
and the number of deaths during the pandemic outbreak has negatively impacted 
the energy stocks and futures market. The increased level of energy markets’ vol-
atility indicates a shortage of futures and options in the energy market segment.

The practical and policy implications are twofold: (1) to combat pandemic 
uncertainty administration, need to have a separate mechanism in which macro-
economic forecasting performed based on the health and infection statistics; (2) 
there is a scarce of the hedge funds in the energy market to protect energy hold-
ings, so there is an urgent need for cost-effective risk management products (i.e., 
futures and options) to encompass the uncertain tail events. The present study 
demonstrates the energy market response amid the COVID-19 pandemic; other 
markets such as equity, FX, and commodities like gold, silver, and other precious 
metals may also exhibit extreme volatility. WHO’s announcements and Federal 
support hold some implications for equity, FX, and commodities.

Appendix A

See Table 20
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Table 20  Important energy sector ETF Index

Index Description

iShares U.S. Energy ETF
Ticker: IYE

The iShares U.S. Energy ETF seeks to track the investment results of 
an index composed of U.S. equities in the energy sector. 1. Exposure 
to U.S. companies that produce and distribute oil and gas 2. Targeted 
access to domestic energy stocks 3. Use to express a sector view

https ://www.ishar es.com/us/produ cts/23950 7/ishar es-us-energ y-etf
ProShares Short Oil & Gas 

ETF
Ticker: DDG

ProShares Short Oil & Gas seeks daily investment results, before fees and 
expenses, that correspond to the inverse (− 1x) of the daily performance 
of the Dow Jones U.S. Oil & GasSM Index

This short ProShares ETF seeks a return that is − 1 × the return of its 
underlying benchmark (target) for a single day, as measured from one 
NAV calculation to the next. Due to the compounding of daily returns, 
holding periods of greater than one day can result in returns that are 
significantly different than the target return and ProShares’ returns over 
periods other than one day will likely differ in amount and possibly 
direction from the target return for the same period. These effects may 
be more pronounced in funds with larger or inverse multiples and in 
funds with volatile benchmarks. Investors should monitor their hold-
ings as frequently as daily. Investors should consult the prospectus for 
further details on the calculation of the returns and the risks associated 
with investing in this product

https ://www.prosh ares.com/funds /ddg.html
ProShares Ultra Oil & Gas 

ETF
Ticker: DIG

ProShares Ultra Oil & Gas seeks daily investment results, before fees and 
expenses, that correspond to two times (2x) the daily performance of 
the Dow Jones U.S. Oil & GasSM Index

This leveraged ProShares ETF seeks a return that is 2 × the return of its 
underlying benchmark (target) for a single day, as measured from one 
NAV calculation to the next. Due to the compounding of daily returns, 
holding periods of greater than one day can result in returns that are 
significantly different than the target return and ProShares’ returns over 
periods other than one day will likely differ in amount and possibly 
direction from the target return for the same period. These effects may 
be more pronounced in funds with larger or inverse multiples and in 
funds with volatile benchmarks. Investors should monitor their hold-
ings as frequently as daily. Investors should consult the prospectus for 
further details on the calculation of the returns and the risks associated 
with investing in this product

https ://www.prosh ares.com/funds /dig.html
ProShares UltraShort Oil & 

Gas ETF
Ticker: DUG

ProShares UltraShort Oil & Gas seeks daily investment results, before 
fees and expenses, that correspond to two times the inverse (− 2x) of the 
daily performance of the Dow Jones U.S. Oil & GasSM Index

This short ProShares ETF seeks a return that is − 2 × the return of its 
underlying benchmark (target) for a single day, as measured from one 
NAV calculation to the next. Due to the compounding of daily returns, 
holding periods of greater than one day can result in returns that are 
significantly different than the target return and ProShares’ returns over 
periods other than one day will likely differ in amount and possibly 
direction from the target return for the same period. These effects may 
be more pronounced in funds with larger or inverse multiples and in 
funds with volatile benchmarks. Investors should monitor their hold-
ings as frequently as daily. Investors should consult the prospectus for 
further details on the calculation of the returns and the risks associated 
with investing in this product

https ://www.prosh ares.com/funds /dug.html

https://www.ishares.com/us/products/239507/ishares-us-energy-etf
https://www.proshares.com/funds/ddg.html
https://www.proshares.com/funds/dig.html
https://www.proshares.com/funds/dug.html
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Appendix B

See Table 21

Appendix C

See Table 22

Appendix D

See Table 23

Table 21  Important energy sector volatility index

Index Description

OVX: Cboe Crude Oil ETF Volatility Index The Cboe Crude Oil ETF Volatility Index ("Oil 
VIX", Ticker—OVX) measures the market’s 
expectation of 30− day volatility of crude oil 
prices by applying the VIX® methodology to 
United States Oil Fund, LP (Ticker—USO) 
options spanning a wide range of strike prices

VXXLE: Cboe Energy Sector ETF Volatility Index Cboe Options Exchange (Cboe) now applies its 
proprietary Cboe Volatility Index® (VIX®) 
methodology to create indices that reflect 
expected volatility for options on select 
exchange− traded funds (ETFs)

Cboe calculates and disseminates the Cboe Energy 
Sector ETF Volatility Index (ticker VXXLE), 
which reflects the implied volatility of the XLE 
ETF

OIV: CBOE NY MEXWTI VOLATILITY INDEX NYMEX Crude Oil (WTI) Volatility Index was 
developed by the CBOE in a licensing agree-
ment with the CME Group, which is the parent 
company of the NYMEX. This index is quoted 
with the symbol OIV. The OIV index is based on 
implied volatility of options that trade on crude 
oil future contracts with the base symbol OL
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