Zhang et al. Financ Innov (2021) 7:61 . . .
https:/doi.org/10.1186/540854-021-00277-7 Financial Innovation

RESEARCH Open Access

=
Has COVID-19 changed the stock return-oil ==

price predictability pattern?

Fan Zhang', Paresh Kumar Narayan®” and Neluka Devpura®

*Correspondence:

pareshkumar. Abstract

?ﬂayan?gohamesuh ‘ In this paper, we examine if COVID-19 has impacted the relationship between oil prices
Mog;:; Unﬁ‘j;_?jfj choc and stock returns predictions using daily Japanese stock market data from 01/04/2020
Melbourne, Australia to 03/17/2021. We make a novel contribution to the literature by testing whether the
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dasticity, persistency, and endogeneity, we demonstrate that the influence of oil prices
on stock returns declined by around 89.5% due to COVID-19. This implies that when
COVID-19 reduced economic activity and destabilized financial markets, the influence
of oil prices on stock returns declined. This finding could have implications for trading
strategies that rely on oil prices.
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Introduction

We aim to provide preliminary evidence on the role of COVID-19 in influencing the
stock returns-oil price predictability relationship. The effect of oil price on stock returns
has been studied extensively, with over 100 papers published since 2000; for a survey of
this literature, see Smyth and Narayan (2018). The relationship between oil prices and
stock returns is inspired by the cash flow hypothesis (see Fisher 1930; Williams 1938),
which perceives a positive and a negative effect of oil price on stock returns. The nega-
tive effect emerges as higher oil prices reduce cash flows, earnings, and dividends by
increasing production costs. Stock returns are negatively impacted as a result of declin-
ing dividends. The positive effect emerges when oil prices decline during a phase such as
the COVID-19 pandemic, which saw oil prices subdued and at historical lows (Devpura
and Narayan 2020). Such low oil prices have a positive effect on cash flows because they
reduce the cost of production, keeping other factors constant. The positive and negative
effect of oil prices on stock returns are also a result of the response of monetary authori-
ties to changes in oil prices. If changes in oil prices result in higher inflation and the
objective is to control inflation, the central bank will raise the short-term interest rate,
and vice versa. With a higher interest rate, excess stock returns will decline. The effect
is the opposite when inflation is low, and the monetary objective is to control inflation.
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Aside from that discussed above, we hypothesize that COVID-19 has influenced
the strength of the stock returns-oil price relationship. This is motivated by the recent
empirical evidence suggesting that the pandemic has significantly influenced the energy
markets (Fu and Shen 2020; Gil-Alana and Claudio-Quiroga 2020), cryptocurrencies
(see Conlon and McGee 2020; Corbet et al. 2020; and Grobys 2020) and the financial
and economic systems (Gu et al. 2020; Haroon and Rizvi 2020a,b; Iyke 2020a, b) glob-
ally. How would stock returns react to oil prices? This is easy to discern. At the outset,
the theory that motivates the reaction of stock returns to oil prices should be examined.
This relationship has been tested in the literature based on the underreaction theory (see
Hong and Stein 1999; Hong et al. 2007), which in turn is built on the premise that a
change in oil prices results in a gradual diffusion of information. The central theme of the
gradual diffusion hypothesis is that investors tend to underreact to oil price changes (as
in our case) when such changes induce a significant effect on economic activity, due to
which investors are less certain of understanding the impact of the shock. The pandemic
has created a scenario where investors are unable to predict the effect of the decline in
oil prices on their investment decisions. As a result, we hypothesize that investors are
likely to underreact and adopt a conservative approach to investment decisions due to
COVID-19. We, therefore, propose that the influence of oil price on stock returns is
likely to become weaker than normal (non-COVID-19) times.

We focus on the Japanese stock market, based on the recent COVID-19 literature on
Japan. We refer to Narayan et al. (2020), who have eloquently discussed the motivations
behind this choice. They argue that the Japanese market is unique given the country’s
COVID-19 situation and the reactions of both the government and citizens. Japan stands
out in this pandemic vis-a-vis other developed countries because: (a) it implemented a
travel ban policy much faster; (b) departing from the G7’s response to COVID-19, it
avoided locking down the country; and (c) recorded deaths in Japan have been signifi-
cantly lower than in other G7 countries, such as the USA, the UK, and Italy. In other
words, as Narayan et al. (2020) argue, Japan is a model of success in managing and con-
taining the virus.

The above literature suggests modeling the effects of COVID-19 using a time-vary-
ing approach. The need to treat the effects of COVID-19 in a time-varying manner is
evident: the pandemic represents the largest and most disturbing shock to the global
economic system (Sha and Sharma 2020; Sharma 2020; Tisdell 2020). The pandemic,
therefore, represents the largest structural shift in any statistical and economic rela-
tionship regardless of theory. The pandemic began over a year ago; significant time has
elapsed, and the effects of the pandemic have persisted. This points to possible time-
varying effects.

Our aim of testing the predictability of the oil price-stock returns relationship is novel
when compared to related recent studies such as those of Prabheesh et al. (2020) and
Salisu et al. (2020a, b) because we examine the change in relationship during the pan-
demic period rather than during the pre-pandemic period. We contribute to the liter-
ature by specifically showing that this well-known relationship substantially weakened
due to COVID-19. The popular empirical framework employed in the literature is based
on time-series regression models and/or predictability models. While we test the same

traditional hypothesis using the same basic regression framework, we improve on the
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modeling by (a) controlling for heteroskedasticity (since we employ daily data); (b)
accounting for the endogeneity of oil prices; and (c) controlling for the persistency of oil
prices. We perform (a)—(c) by applying the Westerlund and Narayan (2015) approach.!
In addition, we control for seasonality. Our research question and approach allows us
to demonstrate that while the ability of oil prices to predict stock returns is retained
even when a pandemic has an economic effect as devastating as COVID-19, the rela-
tionship is substantially weaker as a result of the pandemic. Our finding implies that the
relevance of oil prices to stock returns survives (but weakens) even during an unprec-
edented crisis.

Our second contribution is to the COVID-19 literature, which has accumulated a
rich body of findings demonstrating the pandemic’s impact on the functioning of vari-
ous financial and economic systems globally and the emergence of policy challenges in
attempts to mitigate its effects (see Padhan and Prabheesh 2021). We add to this litera-
ture on oil price-stock returns during the pandemic (see Prabheesh et al. 2020; Salisu
et al. 2020a, b) by demonstrating the relevance of oil prices in influencing stock returns
during a pandemic. Our empirical investigation finds that the effects of oil prices on
stock returns declined by around 89.5% due to COVID-19. This evidence is robust to
different empirical specifications, use of alternative estimators, different sample periods,
and controls for heteroskedasticity, persistency, and endogeneity.

Data and results

Preliminary observations from the data

This section presents our dataset. A summary of all variables used is presented in
Table 1; see column 1 and table notes. A descriptive statistic on those variables follows.
The frequency of data is daily and covers the sample from 01/04/2010 to 03/17/2021.
This sample presents us with 2923 daily observations. Consistent with our hypothesis
that the stock returns-oil price relationship was influenced by COVID-19, we split the
data sample into three sub-samples, which are explained in sub-section B.

As sub-section B shows by way of an empirical model, our dependent variable is the
Japanese stock price returns (which is the log percentage returns of the Nikkei price
index, R). We use a proxy for Japanese stock market volatility. For this purpose, we use
the Nikkei stock average volatility index (RV), which captures the expected degree of
future fluctuation in R, with a higher value reflecting large fluctuations to be expected
in the future. Our main predictor variable is the growth rate in oil prices. We proxy oil
prices with the West Texas Intermediate (WTI) crude oil spot price (GOP). All data are
obtained from Datastream.

Figure 1 plots the key data series—namely, R, RV, and GOP. Figure 1 indicates that all
variables appear disturbed during the onset of COVID-19. The data indicates a clear pat-
tern during the COVID-19 period that distinguishes it from the pre-COVID-19 period.
We explore this feature of the data from the perspective of the oil price—stock return
predictability relationship.

! 'This model has been widely used in the predictability literature; see, for instance, Salisu and Sakiru (2020) on predict-
ing returns; Sharma (2019) on predicting inflation; and Salisu et al. (2020a, b) and Fianto et al. (2020) on predicting
exchange rates.
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Table 1 Descriptive statistics

Variable Mean AR(1) Maximum Minimum SD Skewness NPtest ProbofJB No.of Obs

Panel A: full sample 01/04/2010 to 03/17/2021

R 004 —004 773 —11.15 13 —046 —1.01%* 0 2923
RV 22.64 096  69.88 12.19 6.57 1.68 —0.03*** 0 2923
OIL(S) 69.21 099 11393 —3763 231 0.07 —0.01 0 2923
GOP —0.09 028 3502 —305.97 668 —34.84 —0.79%** 0 2923
Panel B: pre-COVID-19 sample 1,01/04/2010 to 12/30/2019
R 003 —005 743 —11.15 127 =059 —1.09%* 0 2606
RV 22.24 096  69.88 12.19 6.07 142 —0.05*** 0 2606
OIL(S) 7245 1 11393 26.21 21.95 0.03 —0.01 0 2606
GOP 001 —006 1468 —10.17 2.08 0.27 —1.05%** 0 2606
Panel C: COVID-19 Sample 12/31/2019 to 03/17/2021
R 007 005 773 —6.27 1.51 0.13 —098** 0 317
RV 259 097 6067 13.2 9.14 1.69 —0.07 0 317
OIL(S) 4255 094  66.09 —3763 1276 —101 —0.05 0 317
GOP —0.96 0.31 35.02 —305.97 1941 =131 —08"* 0 317
Panel D: pre-COVID-19 sample 2, 10/01/2018 to 12/30//2019
R —001 —001 3.81 —5.14 103 —066 —081** 0 326
RV 18.42 097 3225 12.98 3.8 12 —0.12 0 326
OIL(S) 5734 096 7641 4441 5.65 0.75 —0.04 0 326
GOP —003 —-007 1468 —79 2.21 032 —1.06*** 0 326

This table reports descriptive statistics mean value, the first-order autoregressive (AR(1)) coefficient, maximum value,
minimum value, standard deviation (Std. Dev.), skewness, The Narayan and Popp (NP, 2010) structural break unit root test
results, the Jarque-Bera (JB) test which examines the null hypothesis of normality (we report its p value), and finally the
number of observations in each sample (No. of Obs.). Panel A presents the results for the full sample period (01/04/2010
to 03/17/2021), Panel B contains results for the pre-COVID-19 sample 1 (01/04/2010 to 12/30/2019), Panel C reports the
descriptive statistics for the COVID-19 sample from 12/31/2019 to 03/17/2021, and Panel D contains results for the pre-
COVID subsample 2, from 10/01/2018 to 30/12/2019. The variables are R is the log percentage return of the Nikkei price
index; RV is the Nikkei stock average volatility index, Crude Oil-WTI spot price (OIL($)), and finally GOP is the growth rate in
the WTI spot price of oil. Lastly, *** denotes statistical significance at the 1% level

Results

We test for predictability relationship—the ability of oil prices to predict Japanese stock
returns—using a daily predictability model motivated by Garcia (2013). We use a general
predictability model, as follows:

Rt = a+p1GOP;—1+ B2Rt—1+ B3RV -1+ PaMON; +Bs TUE: + fo THUt+/37FRIHE€§
1

where R; is the Japanese stock market returns which we proxy using the log percent-
age return of the Nikkei price index; RV is the Nikkei stock average volatility index; and
MON, TUE, THU, and FRI are the day of the week (Monday, Tuesday, Thursday, and Fri-
day) dummy variables. The Wednesday dummy is excluded to avoid the dummy variable
trap. The one period lagged stock returns are included to control for return persistency,
and the RV is used to control for market volatility. The model is estimated using ordinary
least squares regression (OLS) and standard errors are corrected using Newey and West
(1987). We consider a maximum of 8 lags (where the optimal lag length is chosen using
the Schwarz information criterion) to accommodate heteroskedasticity and autocorrela-
tion. We also estimate Eq. (1) using the Westerlund and Narayan (2015) flexible general-
ized least squares estimator, which controls for any heteroskedasticity, persistency, and
endogeneity in the model and variables.

Page 4 of 10
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Fig. 1 Full sample illustrations. The figure illustrates the line charts for variables namely, R is the log
percentage return of the Nikkei price index; RV is the Nikkei stock average volatility index, finally GOP is the
growth rate in the WTI spot price of oil

We also control for seasonality effects by proposing the following regression model:

Ry = o+ B1GOP;—1 + BaRi—1 + B3RVi—1 + BaMON; + 5 TUE, + B¢ THU; + B7FRI,

+ BsJAN; + BoJAN; + B1oFEB; + BuiMAR; + B12APR; + Bi1sMAY: + BraJUN;

+ BisAUG: + P16SEP: + B170CT; + BisNOV: + B19DEC: + &;

(2)
In this regression, all variables are as previously defined except we now aug-
ment Eq. (1) with monthly dummy variables, namely JAN, FEB, MAR, APR, MAY,
JUN, AUG, SEB, OCT, NOV, and DEC (where the month of July is dropped due to
the dummy trap issue) to capture the seasonal effects. The models are estimated as

described with respect to Eq. (1).
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The descriptive statistics of the data are reported in Table 1. We consider four sample
periods to draw conclusions on the effect of COVID-19. The first sample is the full sam-
ple covering 01/04/2010 to 03/17/2021 (2923 observations). The second period is what
we refer to as the pre-COVID-19 sample: 01/04/2010 to 12/30/2019 (2606 observations).
The third sample is the current COVID-19 sample (12/31/2019 to 03/17/2021=317
observations). For the last sample period, we match this current COVID-19 sample with
a pre-COVID-19 sample covering roughly the same number of observations by taking
a sub-sample period of 10/01/2018 to 12/30/2019 (326 observations). The last two sub-
samples allow for a direct comparison and act as a robustness testing sample.

The most interesting statistic is with regard to the mean returns in the COVID-
19 period compared to the pre-COVID sub-samples. In the COVID-19 period, mean
returns have a daily average of 0.07%. Over the same period a year ago, average daily
returns are 0.01% (panel D). In a much lengthier sample covering pre-COVID-19 data,
average daily returns are 0.03% (Panel B). Similarly, we notice that the volatility of the
Japanese stock market has doubled in the COVID-19 period compared to the pre-
COVID-19 period.

The main implication of these descriptive statistics is that the Japanese stock market
behaved very differently during the COVID-19 phases compared to the pre-COVID-19
phase. This is consistent with the observation made from examining Fig. 1. The question
arises: Is this pattern of behavior also reflected in the predictability of Japanese stock
returns when the oil price is the information variable? The results that address this ques-
tion are presented in Table 2. Two sets of results are reported: One model is estimated
with no control variables—that is, B, to 7 is set to zero, while in the second model all
control variables are included, as in Eq. (1). Two estimators are used: Panel A presents
results based on the heteroskedasticity and autocorrelation consistent with OLS esti-
mates while Panel B presents the corresponding estimates obtained using the WN flex-
ible generalized least squares. The results are robust with regard to the accounting of
control variables and estimators. Since Eq. (1) is our main model, we discuss results only
from the full-scale model. We give more weight to the WN estimator because apart from
controlling for heteroskedasticity it obviates any issues with respect to variable persis-
tency and endogeneity (Westerlund and Narayan 2012).

We present the results of the OLS estimator as reported in Panel A of Table 2. Over
the full sample period and the three sub-sample periods, in a model without any con-
trols, the oil price positively predicts stock price returns. We observe a considerable dif-
ference in the effect of oil prices on stock price returns over the pre-COVID-19 period
compared to the COVID-19 period. Overall, the effect is much smaller during the
COVID-19 period. This trend in results holds when the regression model is augmented
with control variables, suggesting that even though the OLS model does not remedy
issues of heteroskedasticity, persistency, and endogeneity of the variables (statistical con-
cerns), there is clear evidence of the oil price-stock returns relationship weakening in the
COVID-19 period. Is this evidence robust to modeling (a) those statistical concerns and
(b) seasonality in the data? The answer to this question is presented in Panel B of Table 2.
Three results are pertinent. First, we see that in the model without controls, oil prices
once again predict stock price returns regardless of the data sample, and the relationship
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Table 2 The effect of oil prices on Japanese stock returns

Panel A: OLS estimator Panel B: WN-FGLS estimator
Sample Model Model 1 R?(%) Model Model 1 R?(%) Model2  R?(%)
periods with no with no (seasonal)
controls controls

Full-sample  0.0161** 0.0168** 0.77 0.0201** 0.0206*%(2.0404)  0.80 0.0210** 0.84

(1.9865) (2.0599) (1.9911) (2.0884)
COVID-19 0.0072%** 0.0086*** 1.96 0.0106*** 0.0126*** 214 0.0138*** 1.28
sample (6.8010) (6.6904) (4.6034) (5.5035) (4.7074)
Pre- 0.1174%** 0.17137%** 3.63 0.1664*** 0.16971%*** 431 0.1696*** 4.36
COVID-19 (6.7405) (6.8842) (7.9654) (7.8464) (7.8641)
Sample 1
Pre- 0.0453%* 0.0533** 047  0.1260%**  0.1339%** 274 01317%%* 276
COVID-19 (2.0306) (2.2773) (3.6939) (3.6983) (3.4613)
Sample 2

This tables reports predictability test results based on the following time-series regression (Model 1):
Re = a + B1GOP—1 + BoRi—1 + B3RVi—1 + BaMON; + BsTUE: + BsTHU; + B7FRIc + &
The second model which we refer to as Model 2 is of the form:

Rt = a4 B1GOP—1 + BaRi—1 + B3RVi—1 + BaMON; + B5TUE; + BsTHU; + B7FRI; 4+ BsJAN: + BoJAN; +

B10FEB; + B11 MAR: + B12APR: + B13MAY: + B14JUN; + B15AUG: + B16 SEP: + B170CT¢ + B1gNOV: + B19 DEC: +&¢
where ér is the Japanese stock market returns (log percentage returns of the Nikkei price index); GOP is the growth rate

in the WTI spot price of oil; RV is the Nikkei stock average volatility index; MON, TUE, THU, and FRI are the day-of-the-week
(Monday, Tuesday, Thursday and Friday) dummy variables and JAN, FEB, MAR, APR, MAY, JUN, AUG, SEP, OCT, NOV and DEC
are to capture the seasonal effects respectively. The models are estimated using OLS with standard errors corrected using
the Newey and West (1987) procedure such that the estimates are autocorrelation and heteroskedasticity consistent (Panel
A). We also estimate the model using the Westerlund and Narayan (2015) flexible generalized least squares (WN-FGLS)
estimator which makes the estimates heteroskedasticity, persistency and endogeneity consistent (Panel B). We only report
the main slope coefficient relating to 81=0 that examines the null hypothesis that GOP does not predict stock returns. Four
sample periods are considered: the full sample period covers 01/04/2010 to 03/17/2021; the COVID-19 sample has data for
the 12/31/2019 to 03/17/2021 period; the pre-COVID-19 Sample 1 covers the 01/04/2010 to 12/30/2019 period; and the
pre-COVID-19 Sample 2 has data for the 10/01/2018 to 12/30/2019 period. Lastly, ** (***) denote statistical significance at
the 5% (1%) level.

between the two variables weakens substantially during the COVID-19 period (0.0106,
t-statistic =4.60) compared to the pre-COVID-19 period (0.1691, ¢-statistic="7.97). Sec-
ond, this pattern of the oil price influencing stock returns is repeated in Model 1 which
includes control variables, suggesting that the results are robust.

Third, these findings allow us to go a step further and ascertain whether the results are
also robust to seasonality in the data. The results are presented as Model 2 in Table 2.
Over the full sample period (that includes the COVID-19 sample), oil prices predict
stock returns positively (0.021, ¢-statistic=2.08). This predictability is stronger when
we exclude the COVID-19 sample. Oil prices predict stock returns to a larger extent in
this period: 0.17 (¢-statistic=7.89). The strength of this predictability declines to 0.014%
(¢-statistic=4.71) in the COVID-19 sample. We note that our pre-COVID-19 sample
has 2606 observations while the COVID-19 sample has a small fraction of this sample
(only 317 observations). We therefore test the robustness of our finding that the ability of
oil prices to predict Japanese stock returns weakened in the COVID-19 period by ensur-
ing that the result we obtain is not sensitive to the choice of a large sample period. To
do so, we choose another sample that corresponds to the size of the COVID-19 sample
covering an almost equivalent period a year ago. The predictive slope coefficient is 0.13
(¢-statistic=3.46), implying that the ability of oil prices to predict stock returns declined
in the COVID-19 period regardless of how we measure the pre-COVID-19 sample.



Zhang et al. Financ Innov (2021) 7:61 Page 8 of 10

Overall, we observe that the strength of the oil price-stock returns relationship declined
in the COVID-19 period by around 89.5% compared to the pre-COVID-19 period.

The reason for this loss in the strength of the relationship is fairly evident. First,
COVID-19 resulted in a slowdown in global economic activity. Since oil demand/
supply and production/consumption are clearly dependent on economic activity,
any slowdown in economic activity will result in a reduction in the production and
consumption of oil. In other words, a slowdown in economic activity will negatively
impact the demand and supply of oil. This will not only make the oil market (price)
more volatile but will also result in a decline in oil prices. This is precisely what we
observe from the raw data, as presented earlier in Sect. 2. Similarly, the stock market
performance is positively related to economic activity, implying that when economic
activity declines, so does the stock market. If economic activity and oil prices are both
in decline, and economic activity is linked to both oil and financial markets, a reduc-
tion in oil prices will dampen stock market performance.

Concluding remarks

Many studies indicate that oil prices predict stock returns. Faced with the current
COVID-19 pandemic which has disrupted both stock and oil markets, we examine
whether the predictability of the relationship between stock returns and oil prices has
also been disturbed. Using daily data for Japan, we demonstrate that while oil prices
predict stock returns in both the pre-COVID-19 and COVID-19 data, the predictive
effect of oil prices has declined by around 89.5% in the COVID-19 compared to the
pre-COVID-19 period. The main implication of our results has roots in this literature
which shows that investors can devise successful trading strategies by using informa-
tion on oil prices. Since the effect of oil price on stock returns has substantially weak-
ened due to the COVID-19 pandemic, two concerns are of interest to investors. First,
is the available information on oil prices during the COVID-19 pandemic still suf-
ficient for them to devise successful trading strategies? Second, even if the answer to
the first concern is affirmative, the robustness of trading strategies needs to be evalu-
ated in light of the pandemic. We leave these questions for future research.

Our results are robust to different model specifications, sub-sample analysis, con-
trols for seasonality and other return-related control variables, and to the account-
ing of data issues such as endogeneity, persistency, and heteroskedasticity. Future
research can build on our findings by exploring specific factors responsible for the
decline in the relationship between oil prices and stock returns. We have provided a
preliminary explanation for why the relationship has weakened during the COVID-
19 pandemic. Future studies can test the validity of our hypothesis by using data as
they become available. In addition, we believe that future studies can consider our
hypothesis in the context of oil importer and oil exporter countries and investigate
whether our claim holds for these two different groups of countries. Our hypothesis
can also be tested at the firm level, including for different portfolios of firms. Overall,
the potential for future research on the theme we introduce remains active.
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