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COVID‑19 pandemic and the crude oil 
market risk: hedging options with non‑energy 
financial innovations
Afees A. Salisu1* and Kingsley Obiora2 

Introduction
This study seeks to unravel the hedging effectiveness of financial innovations in non-
energy Exchange Traded Funds (ETFs) against oil price risks during COVID-19 pan-
demic. The research objective situates among numerous recent literature involving the 
connection between the current pandemic and the energy market (see, e.g., Apergis 
and Apergis 2020; Devpura and Narayan 2020a, b, c; Fu and Shen 2020; Gil-Alana and 
Monge 2020; Huang and Zeng 2020; Iyke 2020a; Liu et al. 2020; Narayan 2020a; Polemis 
and Soursou 2020; Prabheesh et  al. 2020; Qin et  al. 2020; Salisu and Adediran 2020). 
The widely held view is that the pandemic has impacted oil price negatively as lockdown 
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This study examines the hedging effectiveness of financial innovations against crude 
oil investment risks, both before and during the COVID-19 pandemic. We focus on the 
non-energy exchange traded funds (ETFs) as proxies for financial innovations given 
the potential positive correlation between energy variants and crude oil proxies. We 
employ a multivariate volatility modeling framework that accounts for important statis-
tical features of the non-energy ETFs and oil price series in the computation of optimal 
weights and optimal hedging ratios. Results show evidence of hedging effectiveness 
for the financial innovations against oil market risks, with higher hedging performance 
observed during the pandemic. Overall, we show that sectoral financial innovations 
provide resilient investment options. Therefore, we propose that including the ETFs in 
an investment portfolio containing oil could improve risk-adjusted returns, especially 
in similar financial crisis as witnessed during the pandemic. In essence, our results are 
useful for investors in the global oil market seeking to maximize risk-adjusted returns 
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measures at containing the virus have led to the shutdown of many companies. Mean-
while, the ensuing disruptions to global demand and supply chains have engendered 
irregular movements in energy prices (see also, Iyke and Ho 2020; Iyke 2020a). Although 
the motivation to hedge oil market risks is justified by studies suggesting the search 
for alternative hedging options for oil market risks (see Selmi et  al. 2018; Olson et  al. 
2019; Sharma and Rodriguez 2019; Okorie and Lin 2020), the pandemic period offers 
yet greater motivation in this regard. This is because the crisis affecting the market 
becomes heightened with other markets (e.g., equities and currencies) that could be 
available to investors for diversification, which have also been impacted adversely by the 
pandemic(see Gil-Alana and Claudio-Quiroga 2020; Salisu et al. 2020a, b; Sharma 2020; 
Iyke 2020b; Narayan 2020b, c; Narayan et al. 2020).1

Therefore, this study contributes to the literature by exploring alternative hedging 
options for oil risks in financial innovations based on the ETFs, whose potential for 
hedging is increasingly gaining relevance in the literature. See arguments regarding the 
classes of financial innovations with low/negative correlations with most traditional 
portfolios and their potential risk-free nature qualifying them for hedging roles in Alex-
ander and Barbosa (2008), Tari (2010), Agapova (2011), Gao (2012), Sharma and Rodri-
guez (2019), and Cheema et al. (2020). More specifically, many studies have discussed 
the strengths of ETFs as an important financial innovation and alternative investment 
assets (Agapova 2011; Gao 2012). More generally, financial innovations possess out-
standing qualities; they are flexible investment options that offer risk-averse investors 
the prospect of holding a diversified basket of assets (although traded as single stocks as 
found in major global exchanges) without the need to trade in the physical assets defined 
in conventional investment portfolios (Dannhauser 2017; Marskz and Lechman 2018; 
Naeem et al. 2020; Ozdurak and Ulusoy 2020; Sakarya and Ekinci 2020).

We approach the contribution of the study by focusing on financial innovations in 
non-energy ETFs because we are interested in evaluating the hedging powers for oil 
price risk. Therefore, the energy components are isolated as the conventional wisdom 
in the literature; that is, investment assets in the same market/sector are believed to be 
positively correlated, and therefore, one cannot serve as a good hedge against another 
because both move in the same direction (see also, El-Sharif et  al. 2005; Naeem et  al. 
2020; Ozdurak and Ulusoy 2020). For instance, Fig. 1 in the appendix depicts positive 
co-movements between energy sector financial innovations and the WTI oil price in 7 
out of 10 sectors selected. Hence, the exclusion of energy sector’s financial innovations 
in the analysis of the hedging potential of financial innovations is justified. Thus, we con-
sider 10 non-energy sectoral classifications of non-energy ETFs (see Table 1) as each of 
these financial innovations signifies a claim on similar underlying assets in the sectors 
(see Agapova 2011) and is expected to be negatively correlated with the oil market for 
possible risk hedging benefits.

We employ the vector autoregressive moving average of the generalized autoregres-
sive conditional heteroscedastic family (VARMA-GARCH) as the underlying model for 

1 For instance, on April 20, 2020, the West Texas Intermediate (WTI) dropped by a record 300% low (Devpura and 
Narayan 2020a, b, c). In the first quarter of 2020, global stock price recorded a loss of about 12.35% (Qin et al. 2020; 
Salisu et al. 2020a, b).
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the hedging relationship between oil price and non-energy financial innovations. This 
modeling framework becomes relevant after rounds of preliminary data testing includ-
ing the graphical analysis showing largely negative co-movements between the variables 
and tests for serial correlation, conditional heteroscedasticity, sign-bias, and asym-
metry, which all indicate the need to capture ARCH effects, asymmetry, and possible 
time-variation in the model (see also, Arouri and Nguyen 2010; Arouri et al. 2011a, b; 
Arouri et  al. 2011a, b; Salisu and Mobolaji 2013; Salisu and Oloko 2015a; Salisu et  al. 
2020a, b, among others). In addition, the technique employed for the analysis tends to 
offer superior forecast performance relative to other competing models such as vector 
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Fig. 1 Pairwise graphs between non-energy sector ETFs and crude oil prices

Table 1 Non-energy exchange traded funds

Source: www. etfdb. com/ etfs/ sector

The selected ETFs are based on Exchange Traded Funds categorization and ranking by the EFT database as at the end of 
December 2020

Sector ETF proxy Symbol

Consumer discretionary Consumer discretionary select sector SPDR fund XLY

Consumer staples Consumer staples select sector SPDR fund XLP

Financials financial select sector SPDR fund XLF

Health Health care select sector SPDR fund XLV

Industrials Industrial select sector SPDR fund XLI

Materials Materials select sector SPDR fund XLB

Real estate Vanguard real estate Index fund VNQ

Technology Invesco QQQ QQQ

Telecom Vanguard communication services ETF VOX

Utilities Utilities select sector SPDR fund XLU

http://www.etfdb.com/etfs/sector
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autoregressive (VAR-based) models and its variants (see Lypny and Powalla 1998; Lee 
et al. 2005; Yang and Lai 2009) in the modeling financial series with the foregoing statis-
tical features thrown up at the pre-estimation stage.

To achieve the stated objective, we obtain the optimal hedge ratio (OHR) and optimal 
portfolio weight (OPW) associated with an investment in oil and non-energy financial 
innovations. Overall, we find that sectoral financial innovations are robust and resil-
ient alternative investments. Further, we suggest that including them in an oil-based 
investment portfolio could provide alternative valuable asset class that can improve the 
risk-adjusted returns for investors, especially during a crisis. Therefore, when making 
investment decisions, investors in the global crude oil market that seek to maximize risk-
adjusted returns are likely to find the results useful. For robustness, we test and account 
for structural breaks in the estimation process. The presence of the breaks shows that 
the optimal portfolio combination of financial innovations and oil could be over-esti-
mated, whereas the hedging effectiveness could be underestimated when such breaks are 
ignored. In other words, ignoring any significant structural break, when in fact it exists, 
may lead to wrong conclusions about hedging effectiveness.

Following this background, we offer some preliminary analyses in “Data and method-
ology” section to determine the appropriate model for analyses. In “Analysis” section, we 
evaluate the relative hedging effectiveness of financial innovations for crude oil market 
risk due to the pandemic. In  “Robustness—accounting for structural breaks” section, we 
discuss the additional results for robustness, and in “Conclusion” section, we conclude 
the paper.

Data and methodology
Data description and summary statistics

The dataset used in the empirical estimation comprises daily prices of top-ranked 
non-energy ETFs2 and crude oil (using the West Texas Intermediate crude oil price as 
a proxy3) and covers the period between August 2004 and December 2020. The non-
energy ETFs considered are Technology, Healthcare, Real estate, Materials, Consumer 
discretionary, Financials, Industrials, Utilities, Consumer staples and Telecom sectors 
(see Killa 2020).4 Table 1 highlights the selected ETFs for the 10 sectors (excluding the 
energy sector). Similarly, daily data on the sectoral ETF series are collected from finance.
yahoo.com, and crude oil spot prices are obtainable from the US Energy Information 
Administration Database (https:// eia. gov). To evaluate the impact of the unprecedented 
COVID-19 pandemic outbreak on the hedging relationship, we partition the full data 
sample (8/01/2004 to 12/30/2020) into pre-COVID (8/01/2004 to 12/31/2019) and 
COVID (1/2/2020 to 12/30/2020) periods.

Table 2 summarizes the statistics consisting of the mean, maximum, minimum, stand-
ard deviation, skewness, and kurtosis, of the return series of both the ETFs and oil 
prices. The mean values of the returns series for the 10 non-energy ETF sectors under 

2 https:// etfdb. com/ etfs/ sector/.
3 The West Texas Intermediate crude oil price is considered a good reflection of the global crude oil price (see Narayan 
and Gupta 2015).
4 https:// finan ce. yahoo. com/ news/ top- ranked- etfs- stocks- top- 15000 3045. html.

https://eia.gov
https://etfdb.com/etfs/sector/
https://finance.yahoo.com/news/top-ranked-etfs-stocks-top-150003045.html
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consideration indicate positive average returns, both for the full and pre-COVID-19 
sample periods. However, during the COVID sample, we find negative mean values for 
four sectors, namely, financials, industrials, real estate and technology sectors, whereas 
others remain positive. Meanwhile, the overall mean value involving the full sample for 
the oil sector is negative, whereas it is mixed for the two sub-sample. Moreover, it is pos-
itive for the pre-COVID-19 sample, whereas it is negative for the COVID-19 period. The 
standard deviation, which gives an insight into the volatility of the return series, reveals 
higher values during COVID-19 for the non-energy ETFs than the full sample and pre-
COVID periods. This indicates that the ETFs exhibit more volatility during the COVID-
19 period than the pre-COVID-19 sample. In addition, all the series are negatively 
skewed during COVID-19, given the negative values of the skewness statistics and are 
leptokurtic. Unsurprisingly, all the return series exhibit a conditional heteroscedasticity 
effect that must be dealt with in the estimation process required for the hedging analysis. 
A pairwise graphical representation between crude oil price and each non-energy sector 
ETFs shows evidence of opposite movements, which somewhat attests to the potential 
of the ETFs as a good hedge against oil price risk.

The model

This study employs the GARCH-based VARMA model proposed by Ling and McAleer 
(2003). The VARMA-GARCH models were featured as prominent instruments used in 
empirical literature for modeling interdependencies among financial time series with 
or without asymmetric shock effects (see Salisu and Mobolaji 2013; Salisu and Oloko 
2015b; Al-Maadid et al. 2017; Salisu et al. 2020a, b). However, the choice of appropri-
ate variants, that is, between constant conditional correlations (CCC) or its dynamic 
variant DCC, and between symmetric and asymmetric effects, is determined based on 
the outcomes of certain formal pretests.5 The general version of the VARMA-GARCH 
model has two parts: the mean equation part and the variance equation part. The former 
is typically a VAR model, and the latter is specified in a way that mimics the VARMA 
comprising ARCH and GARCH terms. Consequently, we construct a bivariate VARMA-
GARCH(1,1) model and specify the mean equations that capture the return spillover 
effects between the two series under consideration, that is, ETF and crude oil price, and 
vice versa:,6,7

(1)roilt = ϕoil + φoilroilt−1 + θoilr
etf
t−1 + εoilt

5 The preliminary test results are presented and discussed in the next section.
6 A similar methodology was recently adopted by Salisu, Vo and Lawal (2020a, b) to assess the hedging potential of gold 
against oil price risk.
7 We acknowledge that the interplay of several factors is responsible for the movements in global crude oil prices (some 
of which have been evaluated in other literature). However, during the outbreak of the coronavirus pandemic, there 
seems to be a consensus in the literature (see, e.g., Gil-Alana and Monge 2020; Narayan 2020a, b, c; Salisu, Ebuh, and 
Usman 2020a, b) that the huge decline in oil prices was mainly due to political and economic decisions meant to curtail 
the viral spread, such as economic lockdown and domestic and international travel restrictions. In addition, crude oil 
price has never recorded a negative price in its entire history until this period. Hence, the high impact of the pandemic 
might have overshadowed all other impacts. Notwithstanding, the way the VARMA-GARCH is specified accommodates 
shocks due to other factors that may be responsible for the unprecedented movements in oil prices. As the term implies, 
VARMA is a vector autoregressive moving average, which forms the components of the multivariate GARCH model 
used in this study.
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where retft  and roilt  respectively denote each of non-energy sector’s ETFs and crude oil 
price return in period t ; ϕetf  and ϕoil are constant terms; φetf  and φoil are coefficients 
of the lagged terms of own-returns respectively for non-energy ETF and crude oil; θ etf  
and θoil are coefficients of the lagged terms of cross-return spillovers; and εetft  and εoilt  
are independently and identically distributed errors. Note that the superscripts, oil and 
etf, respectively, denote oil price and ETF returns. The conditional variance equations 
that provide the computation of the volatility spillover effects between the two asset 
classes are specified in Eqs. (3) and (4) for non-energy ETF and crude oil price returns, 
respectively:

These equations show that conditional variance for each sector depends on its imme-
diate past values and innovations and the past values and innovations of the other sec-
tor. The parameters αi and βi (where i = 1, 2) measure the shock and volatility spillover 
effects between the two return series, respectively, whereas the superscripts identify 
each series. Meanwhile, subscripts 1and 2, respectively, capture own- and cross-spillo-
ver effects. The conditional covariance, which is preliminarily assumed to be of CCC,8 is 
expressed as

where ρEO is the conditional constant correlations between non-energy financial innova-
tions and crude oil returns. In line with the objective of this paper, the estimated coeffi-
cients obtained from the VARMA-GARCH model are employed to evaluate the optimal 
weights and hedging effectiveness of non-energy sectoral financial innovations in an 
investment portfolio containing oil. The OPW establishes the proportion of investments 
in ETFs and crude oil to be included in a portfolio to ensure optimality. Significant vol-
atility spillovers between two investment assets in a given portfolio may indicate that 
investments in the two assets are volatile and susceptible to risk and uncertainty. Hence, 
investors engage in hedging to mitigate such associated risks through investment in 
futures contract without jeopardizing expected future returns. Following the approach 
proposed by Kroner and Ng (1998) and Arouri et al. (2011a, b), we construct an OPW 
of holding the two assets (i.e., ETFs and crude oil) using the conditional variance and 
covariance estimates obtained after estimating Eqs. (3), (4), and (5):

(2)r
etf
t = ϕetf + φetf r

etf
t−1 + θ etf r

etf
t−1 + ε

etf
t

(3)h
etf
t = cetf + α

etf
1

(

ε
etf
t−1

)2

+ α
etf
2

(

εoilt−1

)2

+ β
etf
1

(

h
etf
t−1

)

+ β
etf
2

(

hoilt−1

)

(4)hoilt = coil + αoil
a

(

εoilt−1

)2

+ αoil
b

(

ε
etf
t−1

)2

+ βoil
a

(

hoilt−1

)

+ βoil
b

(

h
etf
t−1

)

(5)hEOt = ρEO ×

√

h
etf
t ×

√

hoilt

8 An alternative variant of the variance equations is the one that allows for time variation in the conditional correlations, 
which is described as dynamic conditional correlations. To determine the choice of conditional correlations to account 
for the hedging analysis, we employ Engle and Sheppard’s (2001) test as part of the preliminary tests.
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and,

where ̟EO,t denotes the weight of non-energy sector’s ETFs in a one-dollar ETF/crude 
oil investment portfolio at time t . Also, the term—hEOt  is the conditional covariance 
between the ETF and crude oil returns at time t . Meanwhile, the OHR between each 
non-energy ETF and crude oil return is defined as

where αEO,t is the OHR between the oil and each non-energy sector’s ETF under con-
sideration. The description of the data used, including preliminary analyses and formal 
pretests, is discussed in the next section.

Analysis
Preliminary tests

We begin the results section with the formal preliminary tests conducted to determine 
the appropriate variant of the VARMA-GARCH model to be adopted for the main esti-
mation, as discussed in the modeling section. The estimates obtained from the GARCH 
models are crucial in the estimation of the OPW and hedging effectiveness between each 
considered non-energy ETF and oil return. The considered pretests include serial corre-
lation, conditional heteroscedasticity, asymmetry, and conditional correlation tests. The 
serial correlation test is conducted using Ljung-Box Q-statistics, whereas the ARCH-LM 
test is used for the conditional heteroscedasticity test over pre-determined lag lengths of 
5 and 10. We test for asymmetry using Engle and Ng’s (1993) sign and bias tests, and we 
used Engle and Sheppard’s (2001) test to evaluate the presence or absence of the CCC 
in the multivariate volatility model. All the results of the pretests are summarized in 
Tables 3 and 4.

The results of the ARCH-LM tests indicate that all returns exhibit conditional hetero-
scedasticity with the hypothesis of no ARCH effects rejected for the series under con-
sideration. Therefore, such effects must be accommodated in the empirical estimation. 
The Ljung-Box tests, using both the correlogram Q-statistic and its squared variant, fur-
ther confirm the presence of serial correlation across all return series, both at 5 and 10 
lag orders. Table 4 summarizes the results of Engle and Ng’s (1993) sign and bias tests 
and Engle and Sheppard’s (2001) tests. The estimated results of Engle and Ng’s (1993) 
sign and joint size bias tests, both of which evaluate the evidence of asymmetric effects 
in the relationship between each ETF and oil price return, confirm the presence of the 
same nexus for the pre-covid sample. Meanwhile, the results show evidence of asymmet-
ric relationship only for the financial innovations in Consumer Staples and Real Estate 

(6)̟EO,t =
h
etf
t − hEOt

hoilt − 2hEOt + h
etf
t

(7)̟EO,t =







0, if̟EO,t < 0

̟EO,t , if 0 <̟EO,t ≤ 1

1, if̟EO,t > 1

(8)αEO,t =
hEOt

h
etf
t
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sectors. Finally, the results of Engle and Sheppard’s (2001) test provide statistically signif-
icant support for dynamic conditional correlations for almost all the sectors considered 
in the full sample and pre-COVID periods, whereas only two sectors, namely, Financial 
and Health, exhibit dynamic conditional correlations using the pandemic sample period.

Main results9

Table 5 presents the results for the OPW and OHR used to evaluate the hedging capabil-
ities of non-energy financial innovations for crude oil price risks, both before and after 
the emergence of the COVID-19 outbreak. This rests on the idea that the risks in tak-
ing a long position in a given asset (crude oil) can be offset by taking a short position 
in alternative assets (in this case, the sectoral financial innovations) (see Kumar 2014). 
Since the outbreak of the COVID-19 pandemic, the ETF ecosystem has demonstrated its 
robustness and resilience by continuing to provide investors with alternative portfolios 
and diversification buffers to absorb investment risks from highly volatile global market 
(see Jin et al. 2020; Xavier 2020). Both the OPW and OHR are obtained using the esti-
mates of the conditional variance and covariance from the estimation of the main model.

The estimated OPWs show positive portfolio weight coefficients for all variants of 
ETF–oil portfolio combination. Using the full sample, the estimated results show that 
ETFs for the three sectors comprising telecommunications, technologies, and health 
recorded the highest OPW at 0.9034, 0.8935, and 0.8822, respectively. Moreover, the 
OPW estimates suggest that the optimal proportion of portfolios in crude oil assets and 
investments in non-energy ETFs is about 90%, 89%, and 88% for the telecommunica-
tions, technologies, and health sectors,,respectively. Meanwhile, OPW estimates for the 
COVID-19 sample period show the highest OPW for the Consumer Staples and health 
sectors’ ETFs. One key highlight of the OPW results is the difference in hedging effec-
tiveness between ETFs and oil price risk particularly during the current pandemic. This 

Table 5 Optimal portfolio weights and hedge ratios

The table reports average optimal portfolio weights (OPW) and optimal hedge ratios (OHR) for non‑energy ETFs in an oil 
investment portfolio

Full sample Before COVID-19 During COVID-19

OPW OHR OPW OHR OPW OHR

Consumer discretionary 0.7613  − 0.0063 0.8546 0.0890 0.8113 0.1816

Consumer staples 0.8411  − 0.0302 0.8855 0.0561 0.9162 0.1310

Financials 0.8334 0.0410 0.8537 0.0924 0.8187 0.1484

Health 0.8822 0.0233 0.8867 0.0559 0.8671 0.1378

Industrials 0.8553 0.0092 0.8185 0.1149 0.7214 0.2438

Materials 0.7869 0.0794 0.8027 0.1510 0.7405 0.2184

Real estate 0.8309 0.0086 0.6522 0.0940 0.5427 0.3126

Technology 0.8935 0.0257 0.8274 0.0983 0.7310 0.0937

Telecom 0.9034 0.0221 0.7435 0.0966 0.8039 0.1023

Utilities 0.8505 0.0291 0.8144 0.0595 0.7571 0.1015

9 Given our objective of evaluating the hedging effectiveness between ETFs and crude oil returns, we suppress the 
results for both the conditional mean and variance equations of the VARMA-GARCH models including the post-esti-
mation diagnostics that establish the goodness-of-fit and appropriateness of the models. These results are available and 
will be provided upon request.
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is expected because sectoral responses and resistance vary due to different economic 
conditions and political events that are capable of influencing each sector (see Salisu 
et al. 2019a, b, c; Chang et al. 2020).

In a similar vein, the OHRs in a financial innovation—oil asset portfolio combina-
tion for each non-energy sector—are also summarized in Table 5. The estimated OHR 
statistics also show mixed results across the different sectors over the three data sam-
ples. However, an interesting observation from the estimated results is that the obtained 
OHR values increased in the pandemic period than the full sample and pre-COVID-19 
sample. This observation appears consistent across the findings for the 10 non-energy 
sectors considered. The increased hedge ratios during the pandemic suggest that risks 
associated with oil assets can be hedged by taking a short position in the non-energy 
financial innovations (ETFs). These findings show positive portfolio weight coefficients 
and higher OHR across the sectors in the pandemic period. They further corroborate 
the findings that financial innovations during crisis continue to demonstrate high resil-
ience and robustness in terms of providing alternative portfolio options and diversifi-
cation buffers capable of absorbing investment risks associated with the highly volatile 
crude oil market (see also, Naeem et al. 2020; Xavier 2020). This implies that financial 
innovations, that is, ETFs in the non-energy sectors, provide hedging effectiveness for oil 
assets. However, the same may not be concluded for the conventional portfolio invest-
ment in the physical non-energy sector assets, especially during periods of financial cri-
sis epitomized by the pandemic. We therefore suggest that investors in the global crude 
oil market seeking to maximize their risk-adjusted returns should find the financial 
innovations in the non-energy sectors to be worthwhile portfolio options in dealing with 
the crude oil market risk. More especially, during future crisis, investors will find greater 
diversified portfolio investment in financial innovations in Consumer Staples sector to 
be worthwhile smart risk hedging decisions.

Robustness—accounting for structural breaks
For robustness, we extend the multivariate volatility analysis by testing and accounting 
for structural breaks, where such exist, to enhance the precision of the model. A good 
amount of available empirical literature suggested and demonstrated the importance of 
accounting for structural breaks alongside controlling for volatility while dealing with 
high frequency financial series (see, e.g., Narayan and Liu 2011, 2015; Salisu and Adeleke 
2016; Salisu et al. 2016). The effects of ignoring structural shifts in the data have affected 
the optimal weights, OHR, and hedge effectiveness (see previous pieces of evidence in 
Babikir et  al. 2012; Mongi and Dhouha 2016). Furthermore, Babikir et  al. (2012) sug-
gested that GARCH processes stationarity assumption cause problems during periods 
where structural breaks are present, and this may render the GARCH assumptions inva-
lid. Besides, failure to account for such breaks when they exist could lead to upward 
biases in the degree of persistence in estimated GARCH models. Hence, we explore 
the existence or non-existence of structural breaks in the series under investigation and 
account for the same in our estimated multivariate volatility models.

To account for structural breaks, we follow a three-step procedure. First, we deter-
mine the presence of structural breaks in each series using the conventional Augmented 
Dickey-Fuller (Narayan and Liu 2015) and GARCH-based unit root tests. The unit root 
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test results yield the break date for each series; all are summarized in Table  6 for the 
three sample periods. The second step requires regressing each non-energy sector’s ETF 
return and crude oil return on dummy variables constructed for the identified break 
dummies, that is

where Dj = 1 for each j , and zero otherwise, where j is the number of breaks. In the 
third step, we determine the break-adjusted returns ( rdit ), which is estimated as 

rdit = rit −
N
∑

j=1

τ̂jDjit or simply rdit = θ + υ̂it . The estimated break-adjusted returns ( rdit ) are 

thereafter used in the returns and volatility modeling, as discussed earlier in the model 
section.

Table 7 summarizes the estimated OPW and OHR using the structural breaks adjusted 
return series.10 The results show that accounting for the significant structural breaks in 
the ETFs and oil return series has implications on the optimal weights and OHR and, 
by extension, the hedging effectiveness for the considered assets portfolio combination. 
For instance, the estimated OPW coefficients seem to be over-estimated when structural 
breaks are ignored. This is valid across all sectors under consideration. Meanwhile, the 
overall estimated OHR coefficients increase after accounting for breaks. In other words, 
these results seem to imply that the hedging effectiveness of the financial innovations 
for oil investment risks is underestimated when significant structural breaks exist but 
are not accounted for (see also Mongi and Dhouha 2016). On the whole, ignoring any 
significant structural break, when in fact it exists, may lead to wrong conclusions about 
the hedging effectiveness.

Conclusion
This study investigates whether financial innovations in non-energy sectors that allow 
investors to trade in diversified portfolios of passive investments in these sectors could 
provide effective hedging alternatives for the global crude oil market investors. This 
becomes justified, especially, despite the recent pandemic with adverse effects on the 
energy and other conventional financial markets. We use the largest and top-perform-
ing ETFs from the 10 non-energy sectors as proxies of financial innovations to estimate 
the OPW and OHR, which are used to evaluate the hedging effectiveness in an invest-
ment portfolio that combines non-energy financial innovations and crude oil. The port-
folio weights and hedge ratios are computed using the estimated conditional variance 
and covariance obtained from appropriate versions of the VARMA-GARCH models 
as informed by standard preliminary tests. In addition, we account for the impact of 
COVID-19 by classifying the data sample into two sub-samples—pre-COVID-19 sam-
ples and COVID-19 sample.

rit = θ +

N
∑

j=1

τjDjit + υit

10 The relevant preliminary diagnostics, including the conditional heteroscedasticity, autocorrelation, sign bias, and 
asymmetry tests, are conducted to determine the appropriate version of the multivariate volatility analysis across each 
non-energy financial innovation sector. The results and the multivariate volatility estimation results are not presented 
for space limitations but are available upon request.
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These findings support evidence of hedging effectiveness between considered sectoral 
financial innovations and oil price returns. Further, we report improved hedging perfor-
mance during the pandemic, thus substantiating the earlier advancement for the consid-
eration of sectoral financial innovations as resilient alternative investment options that 
could help improve the risk-adjusted returns for oil investors during a crisis. By further 
accounting for structural breaks in the analysis, we establish that the optimal portfolio 
combination of financial innovations and oil could be over-estimated, whereas the hedg-
ing effectiveness could be underestimated when such breaks are ignored. In other words, 
ignoring any significant structural break despite its existence may lead to wrong conclu-
sions about the hedging effectiveness. Overall, investors in the global crude oil market 
that seek to maximize risk-adjusted returns should find the outcome of the study useful 
when making investment decisions.

Several possibilities exist for future researchers to extend this study. One of the imme-
diate choices is to explore the hedging effectiveness of other forms of financial innova-
tions excluding ETFs, such as Sukuk (Islamic) bonds, hedge funds, and mutual funds, 
for covering the oil market risks. In addition, other extensions like the expanded energy 
market risks can be explored in future studies.

Appendix
See Fig. 2.

Table 7 Optimal portfolio weights and hedge ratios using breaks adjusted series

The table reports average optimal portfolio weights (OPW) and optimal hedge ratios (OHR) for non‑energy ETFs in an oil 
investment portfolio after adjusting for structural breaks in each of their return series

Full sample Before COVID-19 During COVID-19

OPW OHR OPW OHR OPW OHR

Consumer discretionary 0.8523 0.0921 0.8077 0.0946 0.8475 0.1047

Consumer staples 0.8961 0.0560 0.9038 0.0501 0.8990 0.0716

Financials 0.9163 0.1095 0.8628 0.0836 0.8534 0.1136

Health 0.9447 0.1074 0.9026 0.0477 0.8824 0.0715

Industrials 0.8681 0.1759 0.9118 0.0806 0.8059 0.1401

Materials 0.8655 0.1445 0.8479 0.1344 0.7996 0.1771

Real estate 0.7182 0.2311 0.8629 0.0492 0.6494 0.2698

Technology 0.8268 0.0525 0.9241 0.0697 0.6763 0.1507

Telecom 0.8650 0.0576 0.9308 0.0554 0.7845 0.1553

Utilities 0.8473 0.0774 0.8663 0.0478 0.7761 0.1736
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