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Abstract This study examines the causal relationships between oil prices and the MSCI stock index of
G7 countries between September 2004 and October 2020. This study is novel in implementing symmetric
and asymmetric time-varying causality tests based on the bootstrap rolling-window approach. The results
reveal that the causal link between oil prices and G7 stock markets is time-dependent. The periods of
bidirectional causality roughly coincide with the global financial crisis and the ongoing COVID-19 pandemic.
When asymmetry is accounted for, the results suggest an asymmetric causality between the two markets
expressed by different patterns regarding positive and negative oil shocks. The results also indicate symmetric
causality during the COVID-19 pandemic. These findings have implications for portfolio design and hedging
strategies that are important to both policymakers and investors.
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I. Introduction
The dependence of economies on oil, especially in developed countries, has increased
substantially since the oil shocks of the 1970s. Oil prices have drawn much attention from
investors, policymakers, and academics amid the increased demand for oil as well as intensifying
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economic development and commodity financialization. Oil prices have become one of the
most interesting economic and financial indicators, and an increasing number of studies appear
on oil price dynamics in the context of the macroeconomy (Chen et al., 2019; Hamilton, 1983,
2003; Hooker, 1996; Kilian & Vigfusson, 2013; Mork, 1989), social queries (Musgrove, 1981;
Kocaaslan, 2019; Naranpanawa & Bandara, 2012; Uri, 1996), and financial markets (Basher &
Sadorsky, 2006; Chen et al., 1986; Jones & Kaul, 1996; Kilian & Park, 2009; Mokni, 2020a,
b; Sadorsky, 1999; Youssef & Mokni, 2019). Therefore, investigating the relationship between
oil prices and financial markets is crucial to investors and policymakers.
The last two decades have witnessed the increased financialization of commodities and various
crises in global financial markets. Thus, investigating the relationship between oil price behavior
and stock markets is important for both scholars and policymakers for several reasons. On
the one hand, oil is considered a major input to many economic activities (Herrera et al., 2019).
On the other hand, stock markets play a crucial role in boosting economic growth (Fufa &
Kim, 2018). According to Waheed et al. (2018), oil price change is one of the most influential
underlying forces in the stock market. Indeed, the global crude oil market is an integral
component and is intimately intertwined with other markets, like the equity market (Xiao &
Wang, 2020). Numerous researchers have analyzed this interrelationship. However, the results
of these studies have been mixed: Some studies find a negative association between oil price
changes and stock market returns (Jiménez-Rodriguez, 2014), while others find a positive linkage
(Zhu et al., 2014; Youssef & Mokni, 2019).
Theoretically speaking, the oil price-stock markets relationship is strongly related to several
potential transmission channels (Degiannakis et al., 2018). The first one is related to investors’
stock valuation task, whereby oil price fluctuations may be transmitted to firms via the expected
cash flows. An increase in oil prices can be interpreted as good news by investors, who expect
more cash flows, leading to stock market appreciation. By contrast, a drop in oil price will
negatively affect firms’ future cash flows, leading to stock market depreciation.1) The second
channel is related to the aggregate demand; oil price fluctuations influence consumption and affect
the company’s profile and stocks. The third transmission channel is attributed to monetary policy.
Increases in oil prices lead to higher inflation. The resultant increase in interest rates will increase
borrowing costs for firms and thus lower predicted cash flows, leading to a drop in the stock
market. Finally, the production cost is a theoretical channel through which oil prices can be
linked to stock markets. An upsurge in oil price represents a supplementary production cost; this
affects firms’ production costs and expected cash flows, which then negatively affects stock markets.
This study investigates the time-varying causal relationships between oil prices and G7
1) Regarding this issue, several studies, including Nandha and Faff (2008) and Mokni (2020a, b), claim that the reaction
of stock markets to oil prices depends on whether the firm belongs to a net oil-producer industry or a net oil-consumer
industry.
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countries’ stock markets using symmetric and asymmetric time-varying causality tests based
on the bootstrap rolling-window approach. We focus on G7 countries because they are the
seven most advanced economies in the world, and their economic systems exhibit remarkable
differences in terms of policy interventions, economic reforms, and financial regulation activities
(Bastianin et al., 2016).
While some researchers emphasize the equity market’s symmetric response to changes in
oil prices, others find differences in impact between negative and positive oil price shocks
(Mokni, 2020b; Xiao & Wang, 2020). Recently, several authors analyzed the behavior of the
oil-stock nexus during the COVID-19 outbreak. Liu et al. (2020b) report a negative connection
between crude oil returns and US stock market returns during the COVID-19 pandemic.
Prabheesh et al. (2020a) report a positive co-movement between oil prices and stock price
returns during the pandemic for a sample of oil-importing Asian countries. Salisu et al. (2020)
find that stock markets may have experienced a greater initial and prolonged impact of oil
shocks during the pandemic than they did in the period before it.
Overall, the literature provides divergent results concerning the sign and strength of this
relationship: Some studies point to a positive relationship, whereas others find a negative one.
However, the more recent literature reports that the sign and strength of oil price-stock market
nexus depends on the market condition and analysis period (Mokni, 2020a, b). This divergence
in results may be related to the methodologies used, specifically whether they assume that
the oil price-stock market relationship is symmetric and constant over time. Several recent
studies, including Kang et al. (2015) and Mokni (2020a, b), have used sophisticated
methodologies to find that this relationship is not constant but changes over time.
On the other hand, abundant literature on the oil-stock nexus using causality analysis provides
fruitful findings that offer valuable information for oil and stock market investors, who seek
to avoid severe stock market disruptions caused by oil price shocks, especially during periods
of economic turbulence. In a similar vein, our study employs the bootstrap Granger causality
test and rolling estimation to examine the time-varying dependence between crude oil shocks
and G7 stock market returns during periods of economic turbulence such as the global financial
crisis of 2008, the crude oil crises of 2008-2009, the oil price collapse of 2014-2015, and
the COVID-19 pandemic. The main advantage of applying the time-varying causality test is
its ability to identify periods where the causal correlations between oil and equity are more
severe and determine whether these causality changes coincide with times of economic
depression and financial instability.
This study adds to the debate on the oil-stock nexus in several ways. First, our study
investigates the oil price-stock market relationship in G7 countries using a time-varying causality
test that has the advantage of localizing periods of causality over time. Second, unlike previous
studies that focus on the causality between these two markets, our study analyzes the sign
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of the causality, which offers a more comprehensive picture of the relationship. Third, this
study analyses the causal relationship between oil prices and G7 stock market returns in an
asymmetric framework. This analysis identifies the causality from positive and negative returns
to detect a possible asymmetric causal link between the two markets. Several studies have
confirmed the asymmetric behavior in the response of stock markets to oil price changes. This
asymmetry between the two markets may be due to the presence of market power (Scherer
& Ross, 1990), changes in policies related to commodity markets (Rapsomanikis et al., 2003),
and investors’ tendency to react more strongly to adverse than to favorable changes in financial
markets (Hatemi-J, 2012; Hatemi-J et al., 2017). Finally, this study considers a timely sample
period, defined by the ongoing health crisis caused by the COVID-19 pandemic.
The results of this study indicate that the relationship between West Texas Intermediate
(WTI) oil prices and the Morgan Stanley Capital International (MSCI) G7 stock market is
time-varying. We find a bidirectional causality generally coincides with stress periods, including
the global financial crisis, the European debt crisis, and the ongoing COVID-19 pandemic.
We conduct further analysis accounting for the asymmetry in oil price and MSCI G7 stock
index changes by decomposing the oil price and stock index returns into positive and negative
shocks. Applying the same test while separating positive from negative shocks, we find that
the causality running from oil prices to the G7 stock markets is asymmetric, expressed by
different patterns of positive and negative oil shocks. Moreover, similar results are found for
the asymmetric causality running from stock returns to oil prices. The results also suggest
symmetric causality over the course of the COVID-19 pandemic.
The remainder of this paper is structured as follows. Section 2 presents an overview of
studies on the relationship between oil price changes and stock returns. Section 3 describes
the study’s data and empirical methodology. The results are presented and discussed in Section
4. Finally, Section 5 concludes the paper and offers policy recommendations.

II. Literature Review
A large body of research has found connections between oil prices and stock markets.
However, no consensus about the nature of this relationship has been reached.
Jiménez-Rodriguez (2014) tests the non-linearity between oil prices and stock returns, finding
a negative response of real stock returns to oil price shocks for the United States (US), Canada,
Germany, and the United Kingdom (UK). O'Neill et al. (2008) point out that oil price increases
affect stock market returns differently across countries: While oil price increases are found
to be negatively associated with stock market returns in the US, the UK, and France, their
effects on stock market performance are positive in Canada and Australia. Driesprong et al.
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(2008) find that higher oil prices drastically lower future stock returns in developed and emerging
markets. Similarly, Park and Ratti (2008) show that an increase in oil price volatility significantly
depresses real stock returns for 12 European countries. A negative relationship between oil
price behavior and stock market returns is reported in numerous studies, such as Miller and
Ratti (2009) for six OECD countries, Papapetrou (2001) for Greece, and Huang et al. (2005),
and Huang and Guo (2008) for Japan.
By contrast, other studies find a positive association between oil price increases and stock
market returns. Zhu et al. (2014) show a positive linkage between crude oil prices and stock
market returns in nine countries across the Asia-Pacific region before the global financial crisis
and find that it intensified considerably in the aftermath of the crisis. Lee et al. (2012) find
that short-term stock price movements lead to positive oil price movements. Cong et al. (2008)
show that the stock returns of the manufacturing index and several oil companies increased
due to oil price shocks in China. A positive interaction between oil price changes and sector
stock price changes is found by Narayan and Narayan (2010) for Vietnam and O'Neill et al.
(2008) for Canada and Australia.
These findings may be contradictory because the nature of the relationship between oil price
changes and stock market return changes depending on whether a country is an oil importer
or an oil exporter (Cong et al., 2008; Creti et al., 2014; O’Neill et al., 2008; Park & Ratti,
2008; Youssef & Mokni, 2019). While this relationship tends to be negative for oil-importing
countries, it is expected to be positive for oil-exporting ones because increased oil prices offer
them added revenue (Jammazi et al., 2017). The reaction of stock returns to an oil price shock
also depends on the source of the underlying cause of the oil price change (Abhyankar et
al., 2013; Kilian & Park, 2009). On the other hand, Arouri and Nguyen (2010) and Huang
et al. (2015) point that the stock return reactions to changes in oil prices vary significantly
depending on the activity sector. Phan et al. (2015) find that fluctuations in oil prices positively
impact stock market returns for the oil producer sector but have a negative impact on the
oil consumer sector.
While the aforementioned studies assess the interlinkage between oil price changes and stock
market returns over the whole sample period, recent research focuses more on multiscale settings,
finding that the relationship between oil prices and stock returns is not homogenous on all
scales over time. Reboredo and Rivera-Castro (2014) apply the wavelet multi-resolution method
to analyze the interaction between oil and stock prices in Europe and the US at the aggregate
and sectoral levels over the global financial crisis period. For the pre-crisis period, the results
show that oil price fluctuations have no impact on stock returns at either the aggregate or
sectoral level, except for oil and gas company stocks. The findings also reveal contagion and
positive interdependence between oil prices and stocks at all time scales since July 2008 at
both global and sectoral levels. Baruník et al. (2016) employ the wavelet approach to analyze
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the dynamic correlation between oil and stocks in the US. Their findings confirm an oil-stocks
dependence since the onset of the global financial crisis. Moreover, a dramatic increase in
the oil-stock correlation during the post-subprime financial crisis period is found. Using wavelet
and copula methodology, Jammazi and Reboredo (2016) also confirm oil-stock dependencies,
especially in the aftermath of the financial crisis. Jammazi et al. (2017) combine wavelet and
Granger causality tests to explore the existence of causal linkages in mean and variance between
oil prices and stocks for France, Germany, Italy, Spain, the UK, and the US, the world’s six
largest oil importers. Bidirectional causal links between oil price changes and stock returns
are found for all countries. The causal links appear to be stronger at coarser scales and during
global financial and European debt crises. In a more recent study, Mokni (2020b) also confirms
an increase in the relationship between variables during the global financial crisis in most
oil-exporting and -importing countries. Çevik et al. (2018) find a significant causal relationship
between oil prices and MSCI G7 stock returns during and after the global financial crisis.
Cheema and Scrimgeour (2019) focus on oil and stock market anomalies,2) concluding that
the anomalies are greater following increases in oil prices than following decreases and that
the anomalies are greater when the increase in oil price is attributable to higher oil demand.
A large body of literature also examines the effect of structural oil price shocks on stock market
returns. Mokni (2020a) uses a structural VAR model and a time-varying parameter regression
model to analyze the response of stock market returns to oil price shocks for oil-exporting
and -importing countries from 1999 to 2018, while distinguishing between supply shocks,
aggregate demand shocks, and oil-specific demand shocks among global oil price shocks. The
results show a time-varying response of all financial markets to the shocks. He also suggests
that the incidence of supply shocks on market returns is minimal and negative; however, the
aggregate demand shocks positively impact stock markets for the whole sample. Moreover,
oil-specific demand shocks are found to negatively impact oil-importing countries, except for
the Chinese stock market, and positively impact oil-exporting countries. Other researchers seek
to identify the origins of oil price shocks when analyzing their impact on stock market returns.
They indicate that a rise in oil prices related to an oil demand shock is interpreted as positive
news in financial markets (Basher et al., 2012; Kang et al., 2015; Kilian & Park, 2009). However,
Cunado and De Gracia (2014) and Cashin et al. (2014) show that a rise in oil prices related
to an oil supply shock leads to a negative interaction between oil prices and stock market returns.
Kilian (2009), Kilian and Park (2009), Güntner (2014), Zhu et al. (2016), and Basher et al. (2018)
suggest that oil demand shocks have a greater effect on stock returns than oil supply shocks do.
Kang et al. (2015) use the time-varying parameter VAR model to examine the effect of
structural oil price shocks on stock market returns and show that the interaction between oil
price shocks and stock returns is not stable over time. Both Tchatoka et al. (2018) and Bouoiyour
2) See Cheema and Scrimgeour (2019) for more information about anomalies.
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et al. (2017) apply quantile-on-quantile (QQ) regression and find heterogeneity in the interaction
between oil price shocks and stock market returns. Mokni (2020b) uses a time-varying
asymmetric quantile regression (TV-QAR) approach to study the largest oil-exporting and
-importing countries to show that the oil-stock nexus is time-varying. Zhu et al. (2016) and
Bouoiyour et al. (2017) suggest that stock returns are more responsive to oil shocks in
oil-exporting countries than oil-importing countries. Lee et al. (2020) apply a Granger causality
in quantiles approach and show a strong bi-directional causality between oil prices and the
green bond index for lower quantiles in the US. Balcilar et al. (2020) report that oil uncertainty
increases US bond returns and volatility.
Another research stream discusses the asymmetric effect of oil price changes on stock market
returns. Jiménez-Rodríguez (2014) shows that a rise in oil prices has a greater impact on MSCI
stock market returns than a decline has. Narayan and Gupta (2015) find that positive/negative
variations in oil prices significantly predict US stock returns but that negative variations are
more relevant. Ramos and Veiga (2013) report asymmetric impacts only in oil-importing
countries, not in oil-exporting ones. Mokni (2020b) shows asymmetric effects between oil and
stock markets and finds that oil-importing countries’ stock returns react more strongly to negative
variations in oil prices than positive variations. Phan et al. (2015) find an asymmetric impact
of oil price variations on stock returns in the oil consumer sector but not in the oil producer
sector. Many other researchers conclude that oil price changes have asymmetric effects on stock
market returns (Badeeb & Lean, 2018; Basher & Sadorsky, 2006; Hatemi-J et al., 2017;
Sadorsky, 1999; Salisu & Oloko, 2015). By contrast, other studies find no evidence that oil
price changes have asymmetric impacts on stock market returns (Asalman & Herrera, 2015;
Cong et al., 2008).
Recently, many studies have analyzed the importance of oil price dynamics and the influence
of the COVID-19 pandemic on the global economy. According to McKibbin and Fernando
(2020), COVID-19 negatively affects the world economy, particularly in terms of commodity
prices, GDP, and stock markets. Zhang et al. (2020) analyze the impact of the COVID-19
pandemic on stock market risk in global financial markets, finding that their risks have grown
significantly in response to the COVID-19 pandemic. Liu et al. (2020a) indicate that the
pandemic has had a considerably negative impact on stock market returns in the most affected
countries. Lee et al. (2021) use a structural VAR framework to examine the dynamic connection
between macroeconomic fluctuations and hospitality stock returns during the COVID-19
pandemic in China and report that pandemic-related shocks have had a substantial impact on
macroeconomic fluctuations and hospitality stock returns. Other studies, including Štifanić et
al. (2020), Sharif et al. (2020), and Zhang and Hamori (2021), investigate the effect of oil
price changes on stock markets. Štifanić et al. (2020) examine the impact of COVID-19 on
crude oil price changes and three US stock indexes: DJI, S&P 500, and NASDAQ Composite.
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They argue that the COVID-19 outbreak has had a huge impact on crude oil prices and stock
markets. Shaikh (2021) finds that global crude oil prices have tended to be more volatile during
the COVID-19 pandemic. Sharif et al. (2020) use the coherence wavelet approach and
wavelet-based Granger causality tests to examine the effects of COVID-19 on oil price volatility,
stock markets, geopolitical risk, and economic policy uncertainty in the US, finding that the
COVID-19 pandemic has had the greatest impacts on US economic uncertainty and US
geopolitical risk; they also find that the drop in oil prices had a substantial impact on US
stock markets. Zhang and Hamori (2021) examine the dependence between the crude oil market
and stock markets during the COVID-19 pandemic in the US, Japan, and Germany. They
conclude that the COVID-19 crisis has had a greater influence on oil price and stock market
volatility than the 2008 global financial crisis had.

III. Data and methodology
A. Data
This study uses monthly data covering September 2004 to October 2020 to examine the
time-varying Granger causality between G7 countries’ stock market index and oil price. We
use the MSCI stock index in US dollars for the G7 countries (i.e., Canada, France, Germany,
Italy, Japan, the UK, and the US). In addition, we use the WTI price as a proxy for oil prices.
All the data are collected from DataStream.
The evolution of the two key variables is reported in Fig. 1. The figure shows a somewhat
similar evolution, especially in the beginning and middle of the study period. The stock index
and WTI oil price were relatively stable between 2004 and 2007, followed by a reverse evolution
during the global financial crisis, as reflected by an increase in the oil price and a decrease
in the MSCI G7 stock index. From 2014, the oil price decreased steeply following the so-called
“oil price collapse,” whereas the stock index shows an increasing trend.
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Figure 1. Monthly Crude MSCI G7 Stock Market Index and Oil Price
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Our empirical research is based on returns instead of price series. The return series are
computed as the percentage of log-difference, following the formula     × log      ,
where   reflects the oil or stock prices in month t. Figure 2 presents the return fluctuations
of the two series. We observe high variations in oil and stock returns, expressed by volatility
clustering. Moreover, the oil and MSCI G7 returns exhibit more fluctuations over the period
of turmoil (i.e., the global financial crisis), European debt crisis, the last oil price collapse,
and, even more intensively, during the ongoing COVID-19 pandemic.
We investigate the causality between oil prices and G7 stock returns in an asymmetric
framework by decomposing each return series into positive and negative changes (e.g., Gaies
et al., 2021; Nakhli & Gaies, 2021; Shin et al., 2014). The positive and negative oil price

changes are defined, respectively, by 
  max    and   min  , where

 denotes the WTI returns at month . Similarly, we define the positive and negative changes

in the MSCI G7 stock price as 
  max     and    min   , where  

denotes the stock returns at month .
Figure 2. Monthly oil price and MSCI G7 stock returns
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Table 1 provides the descriptive statistics and preliminary tests for the prices, returns, and
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positive and negative returns of the two key variables. Throughout the study period, the oil
price average is about $70, while the stock index of the G7 countries is about $1,375. Focusing
on the returns series, we observe that the average returns are negative and positive for the
oil and stock index, respectively, suggesting that the G7 stock markets provide a more beneficial
investment opportunity. The standard deviation indicates that oil returns are more volatile by
a standard deviation of 11.34%. Moreover, the skewness and kurtosis values, with high
Jarque-Bera test statistics values, strongly reject the normality of all the price, returns, and
positive/negative returns. We also find that the unit root test statistics indicate the presence
of unit roots in the price series, while the returns and positive/negative returns are stationary.
Since the study’s data cover a long period, we conduct a preliminary analysis using the ADF
unit root tests with structural breaks. The results in Table 1 indicate that the null hypothesis
of the presence of unit roots is strongly rejected for the returns, positive returns, and negative
returns series.
Table 1. Descriptive Statistics and Preliminary Tests
Prices

Returns

WTI

MSCI G7

WTI

MSCI G7

Positive returns

Negative returns

WTI

MSCI G7

WTI

MSCI G7
-1.4122

Mean

69.7756

1375.906

-0.0674

0.4300

3.7139

1.8423

-3.7812

Median

64.5700

1299.180

1.3554

1.1422

1.3554

1.1422

0.0000

0.0000

Maximum

133.880

2268.070

54.5621

10.6743

54.5621

10.6743

0.0000

0.0000

Minimum

16.550

653.3700

-56.8125

-20.2557

0.0000

0.0000

-56.8125

-20.2557

Std. Dev.

22.641

367.765

11.3407

4.3658

6.0304

2.2768

8.0008

2.9404

Skewness

0.3960

0.4443

-0.9357

-1.0705

4.0199

1.5003

-3.8030

-3.0488

Kurtosis

2.4632

2.2866

10.7975

5.8755

29.3968

5.0483

21.5935

14.3261

Jarque-Bera

7.3997

10.4984

519.783

103.888

6154.902

106.695

3262.186

1337.492

p-value

0.0247

0.0052

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

ADF

-2.8436

-0.5108

-10.3278

-12.1271

-11.3305

-13.8799

-8.0680

-10.0747

PP

-2.4897

-0.4601

-9.9281

-12.1423

-11.1350

-13.8951

-7.6482

-10.2081

ADF - SB

-2.3441

-0.4432

-12.0771

-13.4755

-13.0286

-4.9491

-9.3242

-12.2572

Note. This table provides the descriptive statistics and preliminary tests of oil prices and G7 stock markets (prices,
returns, positive returns, and negative returns). The data cover from September 2004 to October 2020. ADF denotes
statistics of the Augmented Dickey-Fuller test. PP denotes Phillips-Perron test statistics. KPSS denotes
Kwiatkowski-Phillips-Schmidt-Shin test statistics. ADF-SB denotes statistics of the Augmented Dickey-Fuller test
with structural breaks.

B. Methodology
1. Bootstrap full-sample causality test
Following Balcilar et al. (2010), we study the causal relationship between the MSCI G7
stock index and oil prices using the bootstrap rolling window Granger causality test. Engle
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and Granger (1987) show that the Granger non-causality test allows us to verify whether the
information set for one variable improves the prediction of another variable and vice versa.
However, if the time series are non-stationary, they may generate a non-standard asymptotic
distribution. Hence, we perform the Toda and Yamamoto (1995) modified Wald test of the
bivariate VAR model on rolling-window sub-samples. The Toda and Yamamoto method can
be used regardless of the integration order of the variables. One disadvantage of standard Granger
causality tests is that they are inappropriate for small samples and may produce non-asymptotic
critical values. To overcome this problem, we employ the residual-based bootstrap (RB) method
proposed by Shukur and Mantalos (2004). Shukur and Mantalos (2000) show that small sample
modified-LR tests provide better power and size properties, even in small samples. Consequently,
we use the RB-based modified-LR method to investigate the causal relationship between the
MSCI G7 stock index and oil prices.
The bivariate VAR(p) process is specified as follows:
   ∅   ∅     … ∅         

    … 

(1)

where    ′ is the white noise process with zero mean and covariance matrix Σ.
    ′ , where G7 is the MSCI G7 stock index and Oil is the oil price.
Equation (1) can be expressed as follows:
  ∅  ∅  ∅   



   ∅  ∅  ∅    
where ∅ 





   ∅    

(2)

    and L is a lag operator, and there is          .

Based on Equation (2), the null hypothesis that the oil price (Oil) does not Granger cause
MSCI G7 stock index (G7) is ∅     for k = 1, 2, ……, p. Similarly, the null hypothesis
that G7 does not Granger cause WTI is ∅     for k = 1, 2, ……, p. Thus, WTI is the
Granger cause of G7 and vice versa if these hypotheses are rejected.

2. Parameter stability test
Using the full-sample causality test requires the absence of structural changes in the
parameters in the VAR models, as time-varying parameters lead to incorrect conclusions (Zeileis
et al., 2005). Thus, we perform a parameter stability test to check for the existence of structural
changes. The Exp-F, Mean-F, and Sup-F tests are conducted to examine the short-run parameter
stability (Andrews, 1993; Andrews and Ploberger, 1994). In addition, The Lc test is employed
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to examine the long-term stability of the VAR system (Hansen, 1992; Nyblom, 1989). If the
parameters are time-varying, this indicates that we should employ the sub-sample test to
investigate the Granger causal relationship between Oil and G7.

3. Bootstrap sub-sample rolling-window causality test
If the assumption of parameter stability is rejected, Balcilar et al. (2010) propose dividing
the entire time series into sub-samples based on the rolling-window width l. This approach
takes into account the variation in the causal relationship between variables over time and
observes the instability due to structural changes between different sub-samples (Wang et al.,
2020a). The RB-based modified-LR test is then conducted to examine the causal relationship
between the variables in the sub-samples. The bootstrap p-values and LR statistics for the T-l
sub-samples permit us to identify the time variations in the causal relationship between the
two series.   





   ∅  

and   





   ∅  

denote the average of a large number

of estimations, indicating the impact of Oil on G7 and the effect of G7 on oil prices, respectively.


  represents the number of bootstrap repetitions, and 
∅   and 
∅   are the bootstrap

estimates from the VAR models. Next, we calculate the 90% confidence intervals, where the


lower and upper bounds equal the 5th and 95th quantiles of each of 
∅   and 
∅   ,

respectively.

IV. Results and discussion
A. Symmetric causality results
1. Full-sample causality analysis
Based on Equation (2), the bivariate VAR process is used to investigate the full-sample
Granger causality between the MSCI G7 stock index and oil prices. The optimal lag order
selected is 1 based on Schwarz Information Criteria (SIC). Table 2 displays the results of the
RB-based modified-LR tests. According to bootstrap p-values, we find that the oil price
Granger-causes the MSCI G7 index at the 1% level, while the MSCI G7 index has no predictive
power on the oil price. These preliminary results contradict those found by Lee et al. (2012)
concerning the first direction from oil prices to the G7 stock index but are partially in line
with this study’s results for the second direction. Lee et al. (2012) report that oil price changes
do not Granger-cause composite stock price changes in G7 countries. Nonetheless, the causality
from the stock indices to oil prices is significant only for Germany, the UK, and the US.
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Our findings are also consistent with those of Çevik et al. (2018), who find a significant causality
running from the WTI to MSCI G7 stock market returns.
Table 2. Full Sample Granger Causality Tests: Bootstrap LR Test
Test

H0: Oil does not Granger cause G7 index

Bootstrap LR test

H0: G7 index does not Granger cause Oil

Statistic

p-value

Statistic

p-value

36.0982***

0.0000

3.8731

0.1470

*** denotes significance at 1%.
p-values are calculated using 10,000 bootstrap repetitions.

The Granger causality test assumes that the parameters in the VAR process are stable.
Therefore, it is suitable to perform the full-sample Granger causality test between the MSCI
G7 index and oil prices if these two variables and the VAR system have structural changes
(Balcilar & Ozdemir, 2013). We use the Sup-F, Mean-F, and Exp-F tests to examine the
short-run stability of the parameters (Andrews, 1993; Andrews & Ploberger, 1994). We also
employ the Lc test to check the long-term stability of the VAR system (Hansen, 1992; Nyblom,
1989). The results of the parameter stability tests are reported in Table 3. The Sup-F test reveals
sudden structural changes in both the oil price equation and the VAR system at the 1% level
and in the MSCI G7 index at the 5% level. The Exp-F and Mean-F tests show that the parameters
may evolve gradually along the time trajectory in both the oil price equation and the VAR
system at the 1% level and in the MSCI G7 index at the 10% level. Moreover, the Lctest
shows that the parameters in the VAR system follow a random walk process at the 1% level.
Thus, we find a time-varying causal relationship between the MSCI G7 index and the oil price.
Consequently, we employ the subsample bootstrap rolling-window granger causality method to
examine this causal relationship. To ensure accuracy, we choose a rolling window of 24 months.3)
Table 3. Parameter Stability Tests
G7 index equation

Oil equation

VAR system

Statistics

p-value

Statistics

p-value

Statistics

p-value

Sup-F

2.8581**

0.0400

5.7007***

0.0005

4.7020***

0.0015

Exp-F

0.8035*

0.0535

1.5042***

0.0005

1.1562***

0.0055

Mean-F

1.5361*

0.0545

2.3314***

0.0015

2.0591***

0.0080

1.4733***

0.0003

Lc
***, **, and * denote significance at the 1%, 5%, and 10% levels, respectively.
p-values are calculated using 10,000 bootstrap repetitions.

3) We also employ the bootstrap rolling window causality test for windows of 20, 28, and 32 weeks, and obtain
similar results.
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2. Time-varying causality analysis
Fig. 3 presents the results of the time-varying causality tests between oil and stock index
returns. The first row of Fig 3 presents the estimated p-values of the LR statistic. The bootstrap
p-values for the causality test from oil to MSCI G7 stock index returns are shown in panel
(a), while the p-values of the second directional causality are shown in panel (c). The second
row of the figure indicates the sign of the causality in the two directions. In this figure, the
horizontal axes show the period starting from the first rolling window to the end of the sample
period. The null hypothesis of no causality running from one variable to another is rejected
at the 10% level when the p-values are below the horizontal red dashed line. A close look
at the results of this test shows that the causal relationship between oil prices and the MSCI
G7 stock market is time-dependent. In fact, we observe that the presence and absence of the
causality between the two variables in the two directions are both time-dependent. This finding
indicates that the causality between oil and stock markets cannot be modeled constantly but
only from a time-varying perspective.
Starting with the causality running from oil prices to the stock index, the results in Fig.
4a show that the null hypothesis is rejected during the periods 2008M10-2009M2, 2009M5-

Figure. 3. Rolling window estimation results for relation between MSCI G7 index and oil price
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2009M11, 2010M3-2010M5, 2011M3, 2012M6-2013M10, 2014M6-2014M9, 2018M11, and
2020M3-2020M10.
The first period of causality coincides with the period of the global financial crisis. During
this crisis period, the oil price increased steeply, allowing it to acquire a predictive power
for the stock markets and most economic and financial variables. Moreover, the stock markets
of the G7 countries were strongly affected by the evolution of oil prices during this period
(Çevik et al., 2018). On the other hand, we detect a set of periods of non-causality from oil
to G7 stock markets, especially over the periods from end-2006 and 2008 and the period
spanning between end-2014 and the beginning of 2020. This result contradicts the full sample
Granger causality test results presented above in Table 2, based on the full sample period,
which implies that the oil price causes the G7 stock markets “on average” during the full period
and fails to identify the periods for which the causal link may not exist. Our results are consistent
with Çevik et al. (2018), who find that the causality from the oil price to G7 stock prices
is most significant during the global financial crisis.
On the other hand, the results report that the longest period of causality running from the
oil price to G7 stock markets occurs between 2012 and 2013. This period was characterized
by oil price stability and increased the MSCI G7 stock index, giving oil prices a predictive
power for the stock markets. This finding can be explained by the fact that investor decisions
and cash flows predictions, the main determinants of stock prices, are made based on the
situation in the oil market. Moreover, this period followed the debt crisis and the global financial
crisis, from which investors learned a lesson about the linkage between oil prices and stock
markets, which intensifies steeply during financial stress periods and economic downturns
(Baruník et al., 2016; Ftiti et al., 2016; Mokni, 2020b; Reboredo & Rivera-Castro, 2014; Turhan
et al., 2014; Youssef & Mokni, 2019).
The results also suggest that the oil price Granger causes the G7 countries’ stock markets
from March 2020 to October 2020, during the ongoing COVID-19 pandemic. This period is
characterized by a high degree of uncertainty about the novel coronavirus and a steep decline
in oil prices due to problems in the global economy. Therefore, we observe an increase in
the co-movement between oil prices and the MSCI G7 stock index, indicating that falling oil
prices act as a negative signal for the stock market (Prabheesh et al., 2020b). A significant
influence of oil prices on G7 stock markets is thus evident. Our finding for the COVID-19
period confirms the previous findings of Salisu et al. (2020), suggesting that oil and stock
markets may both experience greater initial and prolonged impacts during the COVID-19
pandemic. Similarly, Prabheesh et al. (2020a) claimed that an oil price decline leads to lower
stock returns in oil-exporting countries due to the lower future earnings for oil companies,
exhibiting a signal of reduced aggregate demand and economic activity in these countries.
The results regarding causality from the MSCI G7 stock index to oil price returns show
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significant causality in the periods between January 2007 and March 2007, between January
2009 and January 2011, end-2014, and between January and June 2017. This causality may
be due to the global financial crisis and the European debt crisis, events during which most
stock indices declined. This situation makes the G7 stock markets a signal for oil price
fluctuations. The significance of the causality between stock markets and oil prices is derived
only from bearish or bullish market conditions (Ding et al., 2016). The second period of causality
from the G7 stock markets to oil prices covers 2014 and 2017.
Our results are in line with those of Jammazi et al. (2017), who claim that this significant
causal linkage during different periods results from the integration between oil and stock markets,
due mainly to the financialization of commodity markets; accordingly, oil prices respond
significantly to the information in stock markets and vice versa. Other reasons cited to explain
this relationship include investors’ behavior and investment preferences (Turhan et al., 2014),
aggressive investor movements (Baruník et al., 2016), and electronic trading platforms (Jammazi
et al., 2017). Moreover, the MSCI stock index considered in this study represents the stock
markets of G7 countries, the majority of which are oil-importing. The predominance of
demand-side shocks in these countries’ economic development leads to oil market performance,
supporting the linkage between oil prices and stock markets in these countries.
Our results are also similar to those of Huang et al. (2015), who examine Chinese stock
markets. Huang et al. (2015) report a significant bidirectional causal relationship between oil
prices and the sectoral stock indices in China in the two directions. Our results also conform
completely or partially to those of Arouri and Nguyen (2010), Anoruo (2011), Lee et al. (2012),
and Ajmi et al. (2014), as well as, more recently, those of Ding et al. (2016), Bahmani-Oskooee
et al. (2019), and Xiao and Wang (2020), who find a significant relationship between oil prices
and stock markets using a Granger causality approach.
The second row of Fig. 3 presents the sign of the bidirectional causality expressed by the
bootstrap estimation of the sum of the rolling coefficient indicating the impact of a variable
on the other. In both directions, we observe that each variable’s effect on the other is
time-varying and that the sign of this effect changes from one period to another. In fact, the
effect of oil prices on the G7 stock index is low and negative at the beginning of the estimation
period (from 2006 to 2008). This result is explained by the small increase in the oil price
during this period, making its influence weak and insignificant. However, during the period
from 2008 to 2014, we observe a positive and significant effect of the oil price on the G7
stock markets, indicating that a rise in oil price leads to a stock market appreciation. Oil price
instability and commodity financialization can explain this finding. This behavior makes the
oil price a fundamental determinant of global stock markets. An increase in the oil price is
interpreted by stock market investors as good news and makes them optimistic about the global
economic situation. As a result, analysts predict more cash flows, leading to stock market
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appreciation (Jones & Kaul, 1996; Mokni, 2020b; Nusair & Khasawneh, 2017). The effect
of the oil price becomes negative between 2014 and 2018 as it declines. Within this period,
the price of oil reached very low values in 2015. At the end of the study period, we find
that the oil price effect becomes positive with a significant increase during the COVID-19
period. This increased effect may be due to the dramatic decline in oil prices during the
pandemic. Moreover, the increased uncertainty because of the COVID-19 pandemic induces
investors to make decisions based on fundamental economic indicators such as the oil price,
leading to a high degree of integration between oil and stock markets in G7 countries, the
nations most affected by the virus (Youssef et al., 2021).
The results regarding the effect of the stock markets on the oil price show that the G7
stock returns have a generally positive effect during most of the period. Moreover, we find
that this effect increases significantly during the global financial and European debt crises.
During these crisis periods, an increase in the stock market indices is an indication of increased
firm value, especially for firms that use oil as a production input. Thus, oil demand increases,
and oil prices also increase.

B. Asymmetric causality results
Hatimi-J et al. (2017), Bahmani-Oskooee et al. (2019), and Wang et al. (2020b) are among
the studies that report an asymmetric causality between oil prices and stock markets. To conduct
a more in-depth analysis, we investigate whether these findings are still valid in a time-varying
context. We test the presence of an asymmetric causal relationship between the oil price and
MSCI G7 stock returns using the bootstrap rolling window Granger causality method. We
consider positive and negative changes in oil and stock index returns, and we apply the same
time-varying Granger causality test between the two variables by investigating the causality
from positive/negative changes of each variable to the other. We separate the causal relationships
running from positive and negative changes to detect a possible asymmetric causal link. The
asymmetric causality occurs when it is significant for positive (negative) changes and not
significant for negative (positive) ones.
The results of the time-varying Granger-causality from positive and negative changes in
oil (stock index) returns to the stock index (oil) returns are shown in Fig. 4 (5). There is
substantial evidence of Granger causality running from positive and negative oil price changes
to the MSCI G7 stock index over several periods. In particular, Fig. 4 (panel a) shows that
positive oil price changes Granger-cause the MSCI G7 stock index during about 20% of the
total period (34 months among 170). This causality is significant over the periods 2006M122007M1, 2008M7, 2010M9, 2011M3, 2012M8, 2013M1-2013M9, 2014M12-2015M5, 2015M92016M1, and 2020M5-2020M10. The longest period of causality from positive oil price changes
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or positive oil price shocks is observed in 2013 (a period of oil price stability), 2014-2015,
and 2020, when oil prices declined significantly. In the periods of overall oil price decline,
an increase in oil prices impacts investor sentiment by raising investor morale, leading to stock
market appreciation. This finding is confirmed by the panel (b) of Fig. 4, which shows a positive
effect of oil price increases on MSCI G7 returns during significant causality periods.
Figure. 4. Asymmetric bootstrap rolling window causality test from oil price to MSCI G7 index
Panel (a). Bootstrap p-values of LR test statistic testing the null hypothesis
That Oil price+ and Oil price- do not Granger cause MSCI G7 index
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The results regarding the causality from negative oil price changes to G7 stock markets
returns are shown in Fig. 5. We observe a significant causality over the periods 2008M8,
2009M2- 2010M5, 2013M9-2014M1, 2018M11-2018M12, 2019M07, and 2020M3-2010M10.
The longest period coincides with the global financial crisis and COVID-19 pandemic. This
finding is explained by the fact that financial markets are more integrated and more dependent
during periods of turmoil (Bahmani-Oskooee et al., 2019; Ding et al., 2016; Mokni, 2020b;
Xiao & Wang, 2020). Similarly to the positive oil price changes, panel (c) of Fig. 4 indicates
that the effect of negative oil shocks on MSCI G7 returns is generally positive over the periods
of causality. On the other hand, while the periods of causality from positive oil shocks differ
from those from negative shocks, the results for the COVID-19 pandemic period reveal significant
causality from the two types of shocks to G7 stock returns, indicating symmetric causality
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from oil prices to G7 stock markets during the ongoing health crisis. However, we observe
an asymmetric causality during the global financial crisis and other periods generally in 2013
and 2014, expressed by significant causal links proceeding only from positive or negative shocks.
Figure. 5. Asymmetric bootstrap rolling window causality from and MSCI G7 index to oil price
Panel (a). Bootstrap p-values of LR test statistic testing the null hypothesis
That MSCI G7+ and MSCI G7- do not Granger cause Oil price
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Fig. 5 shows the results for the second direction of causality, running from the positive
and negative shocks of the MSCI G7 stock index to oil returns. The results show limited periods
of significant causality compared to the first direction. Positive and negative changes in the
stock index Granger-cause oil returns for only around 11% and 5% of the period, respectively.
Specifically, positive changes in G7 stock markets Granger-cause oil returns in 2007, 2014,
2016, and 2020, while the negative changes have a limited predictive power between February
and June 2017. Moreover, the difference between the causal effects from positive and negative
stock returns changes shows evidence of an asymmetric causality from the MSCI G7 stock
markets and the oil market.
The results on the effects of increases and decreases in the G7 stock market index on oil
returns (see panels b and c of Fig. 5) during the periods of significant causality show that
positive (negative) shocks in the stock markets impact oil returns positively (negatively).
Overall, we find an asymmetric causality between oil prices and stock markets in the G7
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countries. This result confirms a large body of literature that has found that the relationship
between oil prices and stock markets is asymmetric. This asymmetric relationship can be
explained with reference to several channels. The first is cash flows, which can impact dividends
and the stock market. The second is interest rates. Oil price changes directly impact inflation,
which influences monetary policy. Therefore, as the main determinant of cash flows, the interest
rate might behave differently following an oil price increase than it would following a decrease,
implying an asymmetric effect on stock prices (Bahmani-Oskooee et al., 2019). Another
explanation of this relationship is related to behavioral factors, given that an increase in the
oil price is interpreted differently than a decrease. Therefore, the impact of oil prices is
asymmetric between the sign of the shocks (Mokni, 2020b; Nusair & Khasawneh, 2017).
Our findings are consistent with those of Nusair and Khasawneh (2017) and Mokni (2020b),
who find that oil price changes impact stock markets differently according to the shock’s sign.
In addition, our findings confirm previous studies that have found that oil price changes exert
an asymmetric effect on stock markets using other methodologies, such as the nonlinear ARDL
model (Al-hajj et al., 2018; Bahmani-Oskooee et al., 2019; Kisswani et al., 2017; Salisu &
Isah, 2017) and quantile regression (Lee & Zeng, 2011). However, our results contradict those
of Park and Ratti (2008), Cong et al. (2008), Nandha and Faff (2008), and Reboredo and RiveraCastro (2014), who fail to find an asymmetric relationship between oil prices and stock markets.

Ⅴ. Conclusion
The literature investigating the relationship between oil prices and stock markets is growing
due to the importance of this relationship for investors and policymakers. The results are mixed
because of differences in the methodologies used, the periods considered, and the oil and stock
market data examined. This study adds to this literature by investigating this relationship based
on the symmetric and asymmetric Granger causality in a time-varying framework. We employed
a bootstrap rolling window procedure to offer an in-depth analysis of the predictive power
of oil prices and MSCI stock markets in G7 countries.
The results of this study are as follows. By applying a full sample Granger causality test,
we find that the oil price causes MSCI G7 index returns, while the latter has no predictive
power on oil returns. Moreover, by testing the causality in a symmetric and asymmetric
time-varying framework, we find that the causal link between WTI oil prices and the MSCI
G7 stock market is time-dependent. The periods of bidirectional causality coincide with the
global financial crisis, which followed the European debt crisis (between 2012 and 2013), and
the ongoing COVID-19 pandemic.
We also decompose the oil price and stock index returns into positive and negative changes
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to verify the possibility of an asymmetric causal link between the two markets. We find that
the causality running from oil prices to G7 stock markets is asymmetric, expressed by different
patterns of positive and negative oil shocks. Similar results are found for the causality from
stock returns to oil prices. The results also suggest symmetric causality during the COVID-19
pandemic.
Our findings offer important implications for investors and policymakers. First, investors
can use our findings in their asset allocation and portfolio design, and hedging strategies.
Investors should be aware of the dynamic relationship reflected in the time-varying causality
running between the oil and stock markets, and their decisions should be made from an
appropriately dynamic perspective. The significant causal relationships observed during the
periods of turmoil and the financial crisis suggest that oil can act as a hedge and safe haven
against adverse conditions in stock markets, thus reducing potential diversification benefits for
investors. On the other hand, investors and policymakers should pay special attention to the
linkage and feedback between the oil and stock markets. Combining oil and stock assets in
portfolios usually does not offer a beneficial portfolio design and hedging opportunity. Moreover,
investors’ and policymakers’ decisions concerning oil and stock market investment and
regulation should differentiate between positive and negative shocks, as their impacts differ.
Our study has several limitations, mainly related to the data on G7 stock markets, which
are considered in an aggregated index. Future studies could extend the scope of our analysis
by considering individual G7 countries to reduce the aggregation bias and identify time-variation
and heterogeneity in the relationship between G7 stock markets and oil prices. Disaggregating
the data by considering the stock index of each country separately can provide a more
comprehensive picture of the causal relationship between oil prices and G7 stock markets; it
might show a divergence between oil-importing and oil-exporting countries’ stock markets in
response to oil price fluctuations (Mokni, 2020a, b). Moreover, future research could consider
using other time-varying causality tests, such as that recently developed by Shi et al. (2018, 2020).
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