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Abstract

In 2020, the world experienced several significant events, including the coronavirus (COVID-19) pandemic

and the collapse of international crude oil prices. The rapid spread of this pandemic has dramatic impacts on finan-
cial markets all over the world, thereby increasing market risk aversion in an unprecedented way since the sub-

prime financial crisis. The decline in stock markets implied volatilities of equity and oil prices, thereby heightening
turmoil in global financial markets despite comprehensive and substantial financial reforms. To this end, we inves-
tigated the likely effects of this pandemic on the Saudi stock market while controlling for oil prices based on daily
data for a period from 1/1/2020 to 19/9/2022.To ascertain the existence of a long-run equilibrium relationship
between the variables, we applied autoregressive distributed lag (ARDL) modeling and the error correction model,
with this ultimately revealing the existence of strong cointegration in the long run. The ARDL bounds test was found
to be robust by combined cointegration tests, thus providing further evidence of a strong relationship in the long run.
Granger causality tests also yielded evidence of causality between the variables in both directions. The total COVID-
19 confirmed cases and oil prices also caused movements in stock returns in the short run. Our findings have some
prominent implications for asset managers and policymakers to improve stock market efficiency and boost global
economic activity. Saudi authorities can consequently remove the regulatory and legal obstacles to develop their
stock market and better improve the risk management, which will allow to make quick decisions in response to any
oil price volatilities. Policymakers should also adopt proactive strategies that can comfort stock investors' anxieties
over the increasing oil price volatilities. Finally, the findings should be treated with some cautions because of the lim-
ited sample size and the tests'statistical inference. Nevertheless, they do open opportunities for further studies to look
in more detail at how the COVID-19 pandemic affected, over the short and long run, monetary and fiscal policy coor-
dination, financial stability, and various other macroeconomic indicators in Saudi Arabia.
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price volatility of many commodities spiked. As a result,
an extensive literature having discussed the relationship
between commodity markets’ financialization, financial
activity and the real economy emerged [15, 18, 27-30, 40,
48, 54,71, 82, 83], etc.).

More recently, in 2019, the world was expecting an
economic crisis due to the protectionist war between
the United States of America and China when the coro-
navirus pandemic crisis plunged the world economy
into an embarrassing economic situation. Initially, the
COVID-19 virus was largely ignored as it spread through
its epicenter of Wuhan, China. On February 11, 2020,
COVID-19 was declared a global pandemic by the World
Health Organization (WHO), triggering stress and
uncertainty in global markets. Equities plummeted as
market volatility spiked around the world. According to
the Economic Times Journal, the coronavirus pandemic
and the associated restrictions clearly had a discernable
effect on financial markets.

In a nutshell, the advent of the COVID-19 pandemic
has caused significant disturbances to global financial
and oil markets. The global financial markets reacted
relatively moderately as the virus spread, first to the
Middle East and then to Europe, fueling fears of a global
pandemic. Stock markets values then plunged during
the crisis. Dow Jones, NASDAQ 100, and S&P 500 share
prices declined on average by 0.56%, 0.27% and 0.53%,
respectively, between March 11th and March 31st, 2020.

Moreover, the decline in the demand for crude oil,
combined with the Saudi—Russian oil price war, had an
instant effect on financial and economic activity, with
it being exposed to supply and demand shocks simul-
taneously. The price per a barrel for the West Texas
Intermediate (WTI) dropped drastically from $63.05
on December 30th, 2019 to just $21.55 on March 21st,
2020. On April 21st, 2020, WTT price recorded a negative
price of $36.98 per barrel, falling from $18.31 per barrel
the previous day. Similarly, Brent crude oil price fell by
47.47% in the same period.

Regardless of whether the economy is oil-importing
or exporting, oil price shocks significantly affect stock
return and volatility (Kilian and Park [60], Kang et al. 57,
Erahman et al. [36], Mugableh [65], [16], Wen [89], [5,
47, 74]. The theoretical underpinning for the relationship
between oil prices and stock returns (SR) reflects that the
first ones can negatively affect the second either directly
or indirectly: directly by impacting future cash flows, and
indirectly through an impact on the interest rate used to
discount future cash flows [6, 52, 78].

The literature has widely discussed the dully effect
the higher oil prices has on stock market indices by
lowering economic activity, increasing input prices,
reducing firm profits, and increasing inflation rates.
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Furthermore, higher oil prices along with economic
uncertainty and high-risk premium cause the fall of
stock prices. Therefore, the conventional intuition is
that an increase in oil prices leads to increasing the cost
of energy consumption thereby reducing profit margins
and negatively affecting stock markets.

Empirically, earlier studies including Cunado and de
Gracia [32], Jones and Kaul [52], Huang et al. [49], Sad-
orsky [77], Wei [86], Aloui et al. [11], Kang et al. [55],
Smyth and Narayan [81], Harjoto et al. [44], Tissaoui
et al. [84], Yan et al. [90], Raifu [74], and Wei et al. [88]
investigated the linkage between oil prices and stock
market returns. However, the empirical evidence of
these works has generally focused on developed coun-
tries (Germany, France, Italy, UK, Canada, Japan, US)
and appears, in terms of impact and causality direc-
tions, inconclusive failing thereby to reach agreement.
They argue that an increase in world oil prices results in
a negative response to domestic stock market returns.
World oil prices are then considered as more crucial for
the stock (financial) markets than the national oil price.
Also, the effect on stock returns of oil price changes
depends on whether the shocks are supply-side shocks
or demand-side ones. In the Saudi Arabian context,
empirical evidence on the nexus between COVID-19
pandemic, oil prices and stock returns are very limited
and far from to be exhaustive. They include basically
and not exclusively Tissaoui et al. [84], Abuzayed and
Al-Fayoumi [2], Al-Najjar [9], Wasiuzzaman [85], and
Alshaikhmubarek et al. [12].

In this regard, the present paper attempts to fulfill
the gap already existing in this literature by establish-
ing whether the total COVID-19 cases influenced Saudi
stock returns while controlling for oil prices. To do
this, we applied autoregressive distributed lag (ARDL)
models which allowed us to establish, for both station-
ary and non-stationary series, whether the relation-
ships that exist among stock returns, oil prices, and
confirmed COVID-19 cases converged toward a long-
run equilibrium or not. Several previous literature
have proved the capacity of ARDL models in analyzing
long- and short-run dynamics. In doing so, this study
attempts to fill the gap in the existing literature in many
ways. First, we focus on the likely impacts of COVID-
19 pandemic on the Saudi stock market considering
oil price shocks since the Saudi Arabia is the World’s
largest oil exporter, thereby playing a crucial role in
the global oil market. Moreover, we utilize a battery of
econometric tests (the Bayer—Hanck cointegration test
and the Granger causality analysis) to investigate the
robustness of the ARDL and to establish the direction
of causality between the different variables. We assume
consequently that total COVID-19 confirmed cases and
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oil prices caused movements in stock returns in the
short and the long run.

The remainder of this paper is structured as follows:
Sect. "Literature review" presents a review of the rel-
evant literature. Sect. "Research methodology" describes
the study’s model and the empirical methodology.
Sect. "Results and discussion” presents and discusses the
empirical results. Finally, Sect. "Bounds test of cointegra-
tion results" discusses the main conclusions of the paper.

Literature review

Starting with Hamilton’s [43] seminal study, a vast body
of subsequent studies have examined the nexus between
oil prices and various economic and/or financial indica-
tors, including but not limited to stock returns thereby
receiving a fair share of analysis. Our strand of the lit-
erature distinguishes between pre- and post-COVID-19
pandemic while presenting the main works on the con-
nection between oil prices and economic and financial
aspects.

Oil prices and economic aspects in pre-COVID-19
pandemic

Hamilton’s [43] seminal work established that the oil
market influences the real economy. This relationship can
be theoretically modeled through various means, such as
output, fiscal and monetary policies, stock markets, and
uncertainty. It is generally accepted that the COVID-19
pandemic affected the real economy in addition to the
financial sector through production levels and stock
valuations.

Moreover, this crisis affected the mobility of workers,
trade, and transportation, triggering an overall collapse in
both demand and supply and creating a period of global
economic instability. Among others, Bernanke [21],
Rodrik [76], and Marcus [63] found that it is important
to analyze the impact of oil prices on economic instability
since it has implications for the overall economy. Jones
and Kaul [52] also posited that oil prices influence the
wider economy by affecting factors like inflation, produc-
tivity, and unemployment.

Several researchers [14, 19, 42, 59, 62] have demon-
strated that supply-side oil shocks have milder macro-
economic consequences than demand-side oil shocks. In
addition, Kang and Ratti [56] and Antonakakis et al. [13]
also studied the connection between unstable economic
policy and global shocks in oil prices. They found that
changes in oil prices due to overall global production and
shocks that are particular to the oil sector do indeed have
long-term implications for economic policy uncertainty
(EPU), although supply-side oil shocks do not signifi-
cantly affect EPU in the United States.
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In the context of Japan, Abhyankar et al. [1] studied the
connexion between oil prices and stock market. Using
a structural vector autoregressive (SVAR) model, the
authors find positive correlation between oil price shocks
and stock returns. Moreover, the results showed nega-
tive reaction of Japanese stock market to an increase in
oil prices related to oil market specific demand shocks.
Finally, demand and supply shocks in the global crude oil
market affect Japanese stock returns through changes of
expected real cash flows rather than of expected returns,
contradicting thereby the results found with US stock
market data.

Aloui et al. [11] analyzed the effect of volatility on the
returns of crude oil based on a copula method. By cre-
ating multivariate distributions of time series data, this
aided in measuring the dependency structure between
the variables independently of the residual distributions.
In addition, this study applied a rolling-window approach
to account for equity and economic policy volatility’s
time-varying impact of on oil returns. The findings sug-
gested that greater volatility in terms of stock indices
and economic policy instability (EPI) increases crude oil
returns substantially only over certain periods of time.
The authors indicated a strong dependency before and
during the financial crash and the Great Recession, while
the copula calculations over the entire study period point
to stock and economic indices having a negative relation-
ship with crude oil returns.

Using SVAR model to explore the complex impact of
oil output shocks, both within and outside the US, on
EPU, Kang et al. [55] found that EPI varies according to
whether the production shocks occurred in the US or
outside the US. More specifically, the response is positive
and statistically significant when dealing with disruptions
in US oil supply but negative and statistically insignificant
when dealing with shocks to oil supply from outside the
US.

Degiannakis et al. [33] explored how the relationship
between financial instability and shocks in oil prices var-
ied over time between January 1994 and March 2015.
Based on six parameters representing economic and
financial uncertainty, the impulse reactions to endog-
enous shocks in the oil price indicated that oil sup-
ply shocks had no major effect on the volatility of stock
indices. In addition, the aggregate market shocks led
to less volatility. Ultimately, based on the SVAR tests,
the authors could not argue that shocks specific to oil
demand increased uncertainty. The findings of the Time-
Varying Parameter VAR (TVP-VAR) test indicated that
the uncertainty indices’ responses to the three shocks in
oil prices varied over time, so static strategies may fail to
have the desired effect. Indeed, the time-sensitive impul-
sive responses indicated that the indices for instability
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exhibited heterogeneous reactions to all three forms of
stimuli over various periods of time.

Oil prices and economic aspects in post-COVID-19
pandemic

Albulescu [8] also investigated how figures for COVID-
19 cases affected foreign oil prices based on an ARDL
approach. The study highlighted the substantial disrup-
tive influence of the coronavirus outbreak, although this
was comparatively weak compared to the effect of finan-
cial instability and confusing economic policies on the
price of oil. Indeed, the effect of COVID-19 on the price
of oil price appears to have manifested indirectly through
the stability of the financial markets.

Al-Awadhi et al [7] attempted to understand how con-
tagious infectious diseases influence financial markets by
using panel data techniques to check COVID-19’s impact
on the stock market in China. The results indicate that
frequent increases in both the total reported cases and
mortalities had a major detrimental effect on firms’ stock
returns.

In the context of US economy, Sharif et al. [79] ana-
lyzed the nexus between the COVID-19, crude oil prices
and stock market, when considering geopolitical risk and
EPU. The coherence wavelet method and the wavelet-
based Granger causality tests are applied to US daily data.
The main results showed a substantially higher effect of
the COVID-19 on the geopolitical risk than on the EPU.
The COVID-19 impacts are perceived differently over the
short or the long run.

Albulescu [8] investigated how official announce-
ments of fresh COVID-19 cases and deaths affected the
financial market volatility index (FMVI). The author also
contrasted the influence of COVID-19 data published
in China with that published outside China. The results
indicated that (i) even new cases announced beyond
China positively affected the FMVI; (ii) for all models,
the death ratio had a significant and positive impact on
FMVI, although this effect was stronger outside China;
and (iii) the spread of the coronavirus amplified financial
uncertainty. COVID-19’s longevity could therefor spark a
future episode of financial tension.

Using daily data from 23 developed and 53 emerg-
ing markets between January and August 2020, Harjoto
et al. [44] found strong evidence of an adverse relation-
ship between confirmed cases (mortality rates) and stock
returns. In contrast, stock volatility and trading volumes
were positively affected by mortality rates and confirmed
cases. The authors also indicated that results differed
between emerging and developed countries. More specif-
ically, while daily returns, trading volumes, and volatility
were affected by daily cases and death rates in emerg-
ing countries, they were only affected by the daily cases
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in developed countries. Finally, the findings support the
overreaction hypothesis, which posits that stock markets
tend to overreact during periods of rising infections.

Yan et al. [90] investigated the volatility spillovers
between global oil-stock markets over the period span-
ning from January 1, 2019, to March 31, 2021. The
authors used wavelet Granger causality methods and find
that WTTI and Brent oil prices have negative mean returns
before COVID-19, but positive mean returns during the
pandemic spread. Moreover, the results show positive,
significantly lowest, and highest frequency during the
COVID-19 outbreak for all selected countries (Canada,
China, Kuwait, Russian, and the USA). However, oil price
shocks had a more significant impact on the stock mar-
kets of the Canada and United States than on the stock
markets of other countries.

The study of Khalfaoui et al. [58] is interested by exam-
ining the time-varying causal effects of the COVID-19
pandemic on oil prices, stock market volatilities and eco-
nomic uncertainty in major oil-importing and oil-export-
ing countries using the wavelet coherence and network
analysis. The main findings recognized the great effect
the COVID-19 pandemic has on oil prices, stock market
indices, and economic uncertainty. Moreover, COVID-
19 and oil price changes in oil-exporting countries mir-
ror those in oil-importing ones and vice versa. Finally,
the COVID-19 pandemic has a deep immediate time—
frequency effects on Canadian, Indian Japanese, South
Korean and US economic uncertainties.

Otherwise, Raifu [74] examined the time-varying cau-
sality (TVC) between oil returns (OR) and stock returns
(SR) in Norway. He finds that the causality direction
between OR and SR is determined by the frequency of
data. In the case of daily data, a bidirectional causality
exists between oil and stock returns. However, in weekly
and monthly data a unidirectional causality runs from
stock to oil returns. The author established also a TVC
between the two variables.

Phoong et al. [70] revisited the stock market—oil prices
nexus by considering the impact of macroeconomic
shocks in the post-global financial crisis. The Markov
switching regression results showed that oil prices and
Standard & Poor’s 500 market index show that COVID-
19 pandemic is the most significant contributor to mar-
ket volatilities. Moreover, while the relationship between
oil prices and stock market is regime-dependent, stock
market return is significantly affected by oil price shocks
in a volatile regime.

The study of Al-Shboul and Maghyereh [12] highlights
the effects of US real economic uncertainty (REU) on
the risk connectedness in the oil-stock nexus during the
COVID-19 pandemic. Using multiple and partial wavelet
coherence methods on daily data from January 2018 to
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December 2020, the main findings support the existence
of a strong impact of REU indices on risk connected-
ness, with time-varying and frequency-sensitive patterns.
Also, higher coherencies between equity and oil volatili-
ties exist at lower frequencies during the COVID-19 pan-
demic period.

More recently, Olayungbo et al. [67] explored the cor-
relations between oil price movements and stock markets
and their spillover effects during the COVID-19 pan-
demic and the Russian-Ukraine geopolitical crisis in oil-
exporting and European countries. The results obtained
from the estimation of a dynamic Markov switching
model with daily closing data show a positive and signifi-
cant response of stock returns to oil price returns in Ger-
many, Italy, and the US during the Covid-19 period while
the response is significantly positive only for US in the
Russia-Ukraine war period. Finally, significant spillover
effects are found from oil prices to stock market in Saudi
Arabia; however bidirectional volatility spillover effects
exist for Germany, Italy and the US, during the COVID-
19 period.

On the other hand, the works realized on the context
of Gulf Cooperation Council (GCC) countries, more
particularly on Saudi Arabia are very limited. Tissaoui
et al. [84] analyzed the relationship between liquidity and
volatility in the Saudi stock market (Tadawul) over the
COVID-19 outbreak period. Using ARDL modeling, the
main results show significant long- and short-run rela-
tionship between market illiquidity and volatility in con-
temporaneous and lagged manner. However, the wavelet
coherence analysis confirms that of ARDL analysis.
Indeed, the wavelet coherency between realized volatil-
ity and illiquidity ratio appears highly pronounced over
all time horizons during the COVID-19 outbreak period.
Finally, there exist a strong effect of the explanatory
power of both COVID-19 cases and market volatility on
the movement of the liquidity market, especially in the
short term.

Abuzayed and Al-Fayoumi [2] examined the oil price
extreme tail risk spillover to individual Gulf Cooperation
Council (GCC) stock markets and quantified this spillo-
ver’s shift before and during the COVID-19 pandemic.
Using DCC-GARCH models on daily data from 2017:01
until 2020:05, the authors find that all GCC stock markets
received significant systemic oil risk spillover in Phase 2
of COVID-19. Moreover, the United Arab Emirates and
Saudi Arabia are more vulnerable to oil extreme risk than
the other countries. Accordingly, investors should care-
fully consider the extreme oil risk effects on GCC stock
markets when designing optimal portfolio strategies.
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Al-Najjar [9]’s study assessed the effects of COVID-19
and oil prices on the Saudi stock market (SSM) for the
period from 01/01/220 to 12/02/2020. Linear regressions
and neural network models are used. The main findings are
twofold. First, neural networks can achieve the best results
when using all independent variables. Second, oil prices
have the most substantial effect on the changes in Tadawul
All Share Index (TASI) as compared to the COVID-19
indicators. The TASI seems to rapidly follows the changes
in oil prices.

In the same context of Saudi Arabia, Wasiuzzaman
[85] investigated the effects of the COVID-19 pandemic
on the performance of the SSM from December 2019 to
the end of July 2020. The results show that the pandemic
has positive but mostly insignificant impacts on the mean
returns of all indices except for the Real Estate sector
Investment Trusts (REITS). Moreover, the TASI itself
experienced lower volatility during the pandemic period.
Finally, only 9 sectors among 21 experienced significant
impacts on volatility, and out of the 9 sectors, only 5 (4)
experienced significantly increased (lower) volatility.

Finally, Alshaikhmubarek et al. [12] studied the even-
tual impacts of the COVID-19 on all Saudi listed stocks.
More specifically, the authors considered the conse-
quences of this pandemic on the global stock returns,
sectoral stock returns, and the stock returns of specific
firm characteristics. On weekly data spanning from
03/03/2020 to 05/25/2021, panel regressions and Wald
tests outputs showed the existence of negative impacts of
COVID-19 on all market capitalization stocks with some
worst on medium stocks. Also, less profitable stocks were
more vulnerable to COVID-19 than other profitability
groups.

Despite the abundant literature examining the nexus
between oil prices and stock markets mainly during the
post-COVID-19 pandemic, most of them are rather lim-
ited to the context of developed economies. The studies
on the stock markets—oil prices nexus in GCC countries
are very scarce. Henceforth, our study aims to fill this
gap and contribute to the existing literature by focus-
ing on the likely impacts of COVID-19 pandemic on the
Saudi stock market considering oil price shocks since
Saudi Arabia is the widely regarded as the world’s most
important oil exporter. Also, we use the famous Bayer-
Hack cointegration test to study cointegration, investigat-
ing thereby the robustness of the ARDL modeling.

Research methodology

Model specification

Based on the above literature, the nexus between
COVID-19 confirmed cases (Covid), oil market prices
(Oil), and stock market returns (SR) will be investigated
using the following model:
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Fig. 1 COVID-19 total confirmed cases

SRt = + ﬁlCOVidt + ﬂzOllt + & (1)

where SR denotes the daily return of the Saudi stock mar-
ket, Oil represents the Brent oil price, Covid the daily
total confirmed cases, ¢; is the white noise error term and
& is the error term for residual effect of the returns.

Data description and summary statistics
In this paper, it is hypothesized that COVID-19 pan-
demic and world oil prices influence Saudi stock mar-
ket in the short and the long run. Data from the World
Health Organization (WHO) showed that COVID-19
cases around the world rapidly increased from the
end of February, so we surmised that this increase
had drastic effects on both the oil and financial mar-
kets. We extracted daily data for the total confirmed
COVID-19 cases (COVID19_CC) from the situa-
tion reports of the WHO. Our sample covers a period
from January 1, 2020 to October 19, 2022. Saudi stock
market returns were represented as the percentage of
daily log-price differences: SRy = (InPy — InP;_1) * 100.
Finally, crude oil prices were represented by the daily
Europe Brent Spot Price FOB index in dollars per bar-
rel, with data being sourced from the US Energy Infor-
mation Administration (EIA). The stock prices are
converted to first difference form, from its natural log-
arithm to compute stock returns. Besides, the ration-
ale for converting the confirmed COVID-19 cases into
natural logarithm form is that it helps in explaining the
spread of COVID-19.

Figures 1, 2 and 3 present the dynamics of the different
indicators. We can observe how stock returns declined
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after COVID-19 cases began being officially monitored,
and the total number of COVID-19 infections remained
at its initial level for a while. However, from March 8,
2020, stock returns crashed drastically when COVID-19
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cases surpassed the psychological threshold of 100,000.
Oil prices demonstrated a similar movement in line with
global infections starting on March 9, 2020.

Empirical methodology
The empirical methodology consists of conducting newly
developed cointegration tests, based on Pesaran et al.
[69] and Bayer and Hanck [20], and the ECM Granger
causality. The ARDL bounds test of cointegration investi-
gates the long-run relationship. Compared to other coin-
tegration techniques, it has many advantages. First, it is
found to be more appropriate because it seems flexible
regarding unit root properties of variables. Second, Haug
[46] acknowledged that the ARDL approach to cointegra-
tion provides better results for small sample databases as
in our case. Finally, Laurenceson and Chai [61] showed
that unrestricted model of ECM seems to take satisfac-
tory lags that captures the data generating process in a
general-to-specific framework of specification. Further-
more, we use Bayer and Hanck’s [20] combined cointe-
gration technique to verify the robustness of the model.
According to Shahbaz et al. [80], this method combines
four major cointegration tests [26, 35, 51], and Banerjee
el al. [17]) to give robust results. It overcomes the chal-
lenge of possible conflicts in results that may arise while
using different types of cointegration tests, thereby pre-
venting random and inconsistent decision taking.
However, prior to all these tests, it was vital to ascertain
the order of integration. This was achieved by examining
the stationarity of the variables with suitable unit root
tests. For macro-finance topics, we generally focus on
empirical studies with unbiased results that investigate
whether an equilibrium (i.e., long-term) relationship is
present between the different variables. A first step here
is to examine the stationarity of the different variables.
To this end, we adopted the augmented Dickey—Fuller
(ADF) [34] and the Phillips—Perron (PP) [72]. These
tests continue to be the most commonly used methods
to test for the presence of unit roots. While ADF test is
a parametric one, PP makes a nonparametric correc-
tion to the t-test statistic. These traditional unit root test
can yield biased results for time series with a structural
break, so empirical studies have suggested that testing for
breaks is important when determining the order of inte-
gration. Structural breaks can reflect technical, policy or
institutional change. They may also because of changes
in economic policies or large economic shocks, thereby
indicating that they can have a permanent effect on the
pattern of the time series. The insertion of a structural
break in the unit root tests is particularly important
because it could improve the reliability of the economet-
ric tests used improving thus the accuracy of statistical
inference [45].
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As an example, we could use the unit root test of Per-
ron and Vogelsang [73], because this considers a single
structural break in the series when ascertaining the cor-
rect order of integration. This unit root test takes two
forms to capture immediate and gradual shocks, namely
the innovational outlier (IO) and the additive outlier
(AO) models, respectively.

After researching the existence of relationships among
the variables in the long run through cointegration tech-
niques, it was possible to estimate the dynamic short-
and long-run relationships with the ARDL model that
was developed by Pesaran et al. [69]. This model can be
applied irrespective of I(0) or (1) series [68] and meets
the need to consider the dependent variable’s dynamic
responses due to variations in its lags in addition to the
other explanatory variables’ lagged values [64]. Finally,
by applying a simple linear transformation of the ARDL
specification, the dynamic ECM can be generated thereby
obtaining consistent coefficients of the short- and long-
run relationships and proclaiming on the causality direc-
tion between the variables.

In a nutshell, ARDL models have been widely used in
empirical literature and proved their capacity in analyz-
ing long- and short-run dynamics [3, 4, 22-25, 39, 53],
Naser et al. [66], [10]). Besides, since the main aim of this
paper consists at empirically examining the short- and
long-run relationships between COVID-19, stock returns
and oil prices, the ARDL specification is given by the fol-
lowing expression:

r q
ASR; = Bo + Z BLiASR;—; + Z B2 ACovid;_;

i=1 i=1
q
+ ZlgiiiAOﬂtfi + 711SRy—1 + 3 Covidy—1 + w30ili—1 + uy

i=1

2)
where u; is the white noise error term and A indicates
first difference. The Wald test or joint F-statistic was used
to jointly test the short-run coefficients, while the bounds
test was applied to analyze the degree of cointegration
among the considered variables. The F-statistic value was
compared with the critical lower and upper bounds [69],
such that an F-statistic value above the upper bound sug-
gests there is a long-run relationship among the variables.
Under the ARDL framework, the short-run version can

be expressed as follows:

ml m2
ASR; = yo+ > v1jASRe_; + Y yojACovid;_;
j=1 j=1

(3)

m3
+ D 3 AOilej + YECT -1 + 0
j=1
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where ECT is an error correction term that was included
in the model.

Finally, the Granger causality test was applied to
establish the causality’s direction. Once a long-run rela-
tionship has been indicated by the cointegration test,
Granger-type causality can be investigated by adding a
single-period, lagged error correction term to the model.
The ECM is expressed as follows:

p q
ASR; = 6y + Z W1 ASR;—1 + Z wiiAcovidy 1
i=1 i=1

.
+ Z 1 Aoily 1 + @1ECT 1 + €1y
i=1

(4)

Results and discussion

Summary statistics

Table 1 gives the data series’ descriptive statistics, with
total COVID-19 cases showing a high level of volatility.

Unit root testing

Performing unit root tests (ADF and PP unit root tests)
enabled us to establish the order of integration for the
series, and Table 2 gives the results of these tests.

The results presented in Tables 2 and 3 show that the
variables are not stationary at level, but they are station-
ary when considering the first difference, so all variables
have the I(1) order of integration. Furthermore, the unit
root test with a structural break (Table 3) indicated that
a unique order of integration exists. An analysis of the
structural breakpoint of these variables suggests that the
Saudi stock market has gone through a structural change
after May 2022. The estimating ARDL model with auto-
matic lag selection is ARDL (1,0,2) model. It was selected
depending on the least AIC, as shown in Fig. 4.

Based on these results, it was deemed suitable to apply
the ARDL bounds test to explore how the confirmed

Table 1 The descriptive statistics for the series

Page 8 of 14
Table 2 Results of the ADF and PP unit root tests
Variables ADF PP

t-stat Prob t-stat Prob

Oil —2.8506 0.7198 —2.8156 0.1922
AOQIl —21.549 0 —21.546 0
SR —2.084 0.5531 —2.1327 0.5258
ASR —25.329 0 —24.762 0
Covid —1.9657 0.6187 —1.8695 0.6695
ACovid —4.5292 0.0014 —-6.8216 0

The Newey-West Bartlett kernel was utilized to establish PP’s bandwidths
*, ** and *** refer to significance at 1%, 5% and 10%

COVID-19 cases and the oil market prices affect stock
market returns.

The results of the estimated short-run and long-run
ARDL cointegration models (1,0,2), which were automat-
ically selected based on the Akaike Information Criterion
from 20 models, are presented in the tables below.

The bounds test for cointegration results

Table 4 gives the ARDL bounds test results, and this
gives compelling evidence of cointegration between the
various variables. Furthermore, the F-statistic was 5.285
which exceeds the 5% critical bounds value. We con-
sequently concluded that a cointegration relationship
exists, meaning that a long-run relationship is present
among this study’s variables.

Once the bounds test detected long-run cointegration,
we set out to explore the long- and short-run relation-
ships among the variables. The ARDL framework’s short-
run estimation yielded the results presented in Table 5,
and these convey how oil prices and total COVID-19
cases did exert positive and significant influence on stock
market prices in Saudi Arabia. Moreover, the lagged
error correction term’s coefficient had a negative value,
with it being statistically significant at the 5% level, thus

Table 3 The Perron-Vogelsang test results with a single
endogenous structural break

Covid-19 CC SR Oil
Mean 221,000,000 9.19168 69.8495
Median 170,000,000 9.256417 69.03
Maximum 626,000,000 9.533897 127.98
Minimum 27 8.692774 19.33
Std. Dev 206,000,000 0.211816 2531847
Skewness 0.663608 —0.37825 0.189946
Kurtosis 2.036732 1.922525 2147341
Observations 1017 699 725

10 model BD1 AO model BD1 Result
t-statistics t-statistics
QOil —3.690 6/28/2022 —3.693 6/28/2022  1(0)
SR —-4.119 3/11/2020 —4.912 5/11/2022  1(0)
Covid  —1953 12/12/2021 —2.344 10/11/2022 1(0)
First difference
AQIl —22.162 3/09/2022  —22.261 3/09/2022 (1)
ASR —26.182 5/12/2022 —26.126 5/12/2022 1(1)
ACovid —4.889 2/14/2020 —-5877 12/21/2022 1(1)

BD Break date. /O Innovational outlier. AO Additive outlier
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Fig. 4 Optimal lag length selection
Table 4 Results for the cointegration bounds test Table 5 Results for the ARDL short-run estimation
Estimated Model Fsr(SR/LnCovid, LnOil) Dependentvariable : SR (1,0,2)
OptimalLaglLength(SIC) (1,0,2) Variable Coefficient StandardError t — statistics
F — Statistics(BoundTest) 5.285" SR 1227 0.185 6.187"
’ LnOil 0,086 0.045 2667"
CriticalValues 1 Percent 2.5 Percent 5 Percent 10 Percent LnCovid 0273 0.087 3225
LowerBounds!(0) 515 441 3.79 3.17 Constant 1776 0333 5123"
UppefBOUﬂdS/(]) 6.36 552 4.85 414 ECT;_; ~0082 0.002 ’3928“‘
R — squared 0.997 R — squared 0.888
AdiR — squared 0.992 Adj.R — squared 0.877
bw 1941 F — Statistics 8634°
F — Statistics 349619 S.Eofregression 0.008
“ represents the 1% significance level. The ARDL model’s optimal lag length was SumSquaredresid 0.025

selected by SIC. The critical values were sourced from the study of Pesaran et al.
[69]

2The ARDL model using in this study featured an unrestricted constant and no
trend (Case 3). DW refers to the Durbin-Watson test statistics

suggesting the presence of long-run cointegration rela-
tionships among the considered variables and suggesting
convergence to a long-run equilibrium from a short-run
disequilibrium. Moreover, its value is (-0.082), which
implies a speed of adjustment of about 8.2%.

*and ** represents significance at 1% and 5% level respectively

In addition to the short-run results, the ARDL mod-
el's long-run estimation further supported the posi-
tive impacts of oil prices and COVID-19 cases on Saudi
stock market prices (Table 6). The coefficient for the oil
prices term was 0.177, suggesting that it had the great-
est significant impact on stock market prices, which is
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Table 6 The long-run results for ARDL (1,0,2)

Dependentvariable : ASR

Variable Coefficient StandardError t — statistics
LnOil 0.177 0.017 4392%
LnCovid 0.030 0.022 3.042%%
Trend 0.002 0.003 0911

* and ** represents the 1% and 5% significance level, respectively

unsurprising and in line with many previous studies [14,
87]. Saudi Arabia is a major exporter of oil, so it makes
sense that its stock market will be sensitive to shocks in
oil market prices. Indeed, changes in oil prices, especially
for Brent Crude, significantly influence financial markets
in oil-exporting countries. For example, an increase in
the price oil means greater revenue for such countries,
enabling them to invest more in capital and operational
projects, which in turn leads to increasing demand and
consumption in the economy. This then increases the
profitability of local companies, which is then reflected
in their share prices. Additionally, increased government
spending leads to greater liquidity in the economy, and
much of this undoubtedly finds its way into the financial
markets, so the demand for shares increases and their
prices rise. The above findings indicate that oil prices are
the most important driver of the variance in Saudi stock
market returns, which is consistent with those of Kang
et al. [55], Clements et al. [31], Hwang and Kim [50], and
Al-Najjar [9]. The opposite happens in the case of declin-
ing oil revenues.

In contrast, the coefficient for the total COVID-19
cases was 0.030, highlighting the limited effect this had
on stock prices. A likely explanation for this lies in how
the coronavirus pandemic reduced the demand for
oil, because industrial production and transportation
dropped in many countries due to quarantine measures.
This in turn had a profound effect on the Saudi stock
market due to the inevitable drop in oil prices. This con-
firms that the pandemic had an indirect effect on stock
prices through the consequences of low oil prices, and

Table 7 Diagnostic test results for the long-run estimation

Diagnostictest y2_ X2 Xieew RamseyResetTest
(F — Statistics)
0129 1986 1.277(0.301) 6.166(0.211)
(0.732)  (0.269)

SC, BPG, and ARCH represent the Lagrange multipliers (LMs) for the

serial correlation test, the Breusch-Pagan-Godfrey test, and the ARCH
heteroscedasticity test, respectively. The P values are given in brackets, while the
F-Statistics were accounted for in the Ramsey RESET test
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this was much stronger than any direct effect. In spite the
limited effect, it is clearly shown the existence of positive
relationship between world oil prices and stock market
returns. A reduction in oil prices will dampen stock mar-
ket performance. Our findings are in line with those of
Yan et al. [90], Zhang et al. [92] and Alamgir and Amin
[6] who demonstrate substantial stock market returns
and WTT oil prices moving in lockstep.

Table 7 reports the long-run ARDL model’s results
for the diagnostic tests, with all the estimations passing
all the diagnostic tests, thus verifying the fundamental
assumptions for a classical linear regression model. There
was no indication of any heteroscedasticity or serial cor-
relation between the residuals.

We used the Ramsey RESET test to evaluate the results’
stability, and this indicated that the model was indeed
stable. Thus, the validity and reliability of the ARDL esti-
mates were confirmed by the diagnostic tests.

Finally, for checking the stability of the ARDL esti-
mated model CUSUM is used. Figure 5 confirms the
stability condition since CUSUM lines are within the
boundaries thereby lying inside the significance level.

Demonstrating the ARDL Model’s robustness

with the Bayer-Hanck cointegration test

The ARDL model was tested for robustness with the
Bayer—Hanck [20] test for combined cointegration. This
test uses multiple statistics to test the null hypothesis of
there being no cointegration. Bayer and Hanck [20] sug-
gested combining the calculated significance levels (p
values) of the various cointegration tests into Fisher [38]’s
formula as shown as follows:

EG — JOH = —2[In(pEG) + In(pJOH)]

60
40

20

-20
-40

-60
| 1} 1l v Il 1l v | 1} n v

2020 2021 2022
—— CUSUM 5% Significance

Fig. 5 CUSUM long-run analysis stability test
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Table 8 Bayer-Hanck test results

Model specification Fisher Statistics Cointegration decision

EG-JOH EG-JOH-BOS-BDM
SR = f(LnCovid, LnOil) 14.138* 37.668* Cointegration
exists
Significance level Critical values
Significance level at 1% 18.2234 32.854
Significance level at 5%  12.223 21.099
Significance level at 10%  07.925 17.695

* significant at the level of 1%

EG — JOH — BO — BDM = — 2[In(pEG) + In(pJOH)
+ In(pBO) + ln(pBDM)]

where pEG, pJOH, pBO and pBDM are the p values for
the various tests of cointegration. When the calculated
Fisher statistic exceeds the critical values proposed by
Bayer and Hanck [20], we can reject the null hypothesis
(i.e., there being no cointegration).

Table 8 gives the actual results. These indicate the pres-
ence of cointegration, because the F-statistic value for the
Engle—Granger—Johansen (EG-JOH) test is greater than
the critical level for 5% significance, while the Engle—
Granger—Johansen—Banerjee—Dolado—Mestre—Boswijk
(EG-JOH-BOS-BDM) yielded a high enough value to
qualify for 1% significance. Thus, we rejected the no coin-
tegration null hypothesis, further confirming the ARDL
bounds test’s previous results.

ECM Granger causality analysis

Guided by the presence of cointegration in the series, to
establish the direction of causality between the various
considered variables, an error correction model (ECM)
was applied. Granger causality testing helps indicate if
some variables are cointegrated in a long-run relation-
ship. The results given in Table 9 represent the causal
relations between stock market returns, oil prices, and
total COVID-19 cases. Three Granger causality tests have
been performed: the short-run test, the long-run test,

Table 9 Granger causality test results
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and the joint short- and long-run test. While the first
test indicates the significance of the sum of lagged terms
of each explanatory variable, the one indicates the sig-
nificance of the error correction term. Finally, the third
test is the short-run adjustment to restore the long-run
equilibrium.

For causality in the long run, the lagged error correc-
tion terms’ coefficients are significant and negative, thus
confirming the existence of bidirectional causality and
long-run relationships among the variables. More specifi-
cally, significant lagged error correction terms were iden-
tified for stock market prices and total COVID-19 cases.
However, only an insignificant coefficient was found for
the oil price variable. In the short run, total COVID-19
cases and oil prices caused movements in stock market
returns.

In the longer term, oil market prices and COVID-19
infected cases were found to “Granger-cause” stock mar-
ket prices with an ECT of (—0.002), thus indicating the
speed of adjustment, whereby in the long run, the rela-
tionships that stock returns have with oil prices and total
COVID-19 cases converges back to equilibrium by 0.2%
in each period. Over the same longer term, stock prices
and total COVID-19 cases together “Granger-cause” oil
prices with an ECT of (—0.026), with this being statisti-
cally significant at the 1% level. This relationship there-
fore approaches the long-run equilibrium by about 2.6%
every period.

Results of the significance of interactive terms of
change in stock returns (ALnStock) along with the ECT
in the COVID-19 cases equation are consistent with the
presence of Granger causality running from COVID-19
infected cases to stock returns. These indicate that when-
ever there is the presence of a shock to the system, stock
returns would make short-run adjustments to re-estab-
lish long-run equilibrium. Furthermore, results of the
significance of interactive terms of change in oil prices
(ALnOil) along with the ECT in the COVID-19 cases
equation are consistent with the presence of Granger
causality running from COVID-19 infected cases to oil
prices. These indicate that whenever there is the presence
of a shock to the system, oil prices would make short-run

Dependent Variable F-Statistics short-run Long run Joint short- and long-run F-Statistics (Probability)
(Probability)
ALnStock ALnOil ALnCovid ECT;_+(t-statistics) ALnStock.ECT;_1 ALnOIil.ECT;_1 ALnCovid.ECT;_q
ALnStock - 1.879(0.098) 2.230(0.089) —0.002 (-2.388)**  — 2,111 (0.065)*** 2,665 (0.076)***
ALnOil 0.047 (0.866) - 0.009 (0.901)  —0.026 (—4.546)* 2.066 (0.219) - 2.325(0.086)***
AlLnCovid 0.122 (0.866) 0.069 (0.909) - —0.0004 (- 0.062) 0.674 (0.807) 6.085 (0.004)* -

**x ** and * represents 10%, 5% and 1% significance, respectively



Boukhatem and Alhazmi Future Business Journal (2024) 10:58

adjustments to re-establish long-run equilibrium. Hence-
forth, we confirm the presence of bidirectional Granger
causality in the long run.

Finally, such causalities among of oil and stock varia-
tions indicate that shocks of both assets tend to move in
opposite directions, which can be considered advantages
to Saudi investors who, even in the period of crisis, can
trade-off between oil and stocks, to reduce investment
weight in one of these assets or substitute one another,
thereby obtaining the optimal risk-return profile. Our
findings are consistent with those of Escribano et al.
[37] and Younis et al. [91] who argued that correlation
between oil and equity markets increased widely in nor-
mal and crises conditions but contradict those of Razmi
and Razmi [75] in the US context where stock market lost
its significant impact on the oil market after the COVID-
19 pandemic.

Conclusion

In this study, our primary aim was to comprehensively
understand how the COVID-19 pandemic affected the
Saudi stock market while considering the oil market.
We also attempted to examine the relationship between
the COVID-19 confirmed cases, stock returns and oil
prices. It can be considered a pioneering study of how
the COVID-19 pandemic had financial consequences.
Goodell [41] highlighted the importance of such research
question. According to the author, “a consideration of
possible impacts of COVID-19 on financial markets and
institutions, either directly or indirectly, is briefly out-
lined by drawing on a variety of literatures” Furthermore,
“no doubt these questions and many others will be grap-
pled with by financial academics for many years to come”.

The main findings shed some light on how oil prices
and total cases did exert positive and significant influence
on stock market prices in Saudi Arabia. Besides, oil prices
are shown as the most important driver of the variance
in Saudi stock market. This result seems to be consistent
with the findings of Kang et al. [55], Clements et al. [31]
and Hwang and Kim [50]. Finally, the results of Granger
causality confirm the existence of bidirectional causality
and long-run relationships among the variables COVID-
19 confirmed cases, Saudi stock market and world oil
prices.

Our findings carry prominent and significant policy
and practical implications. It is becoming clear that the
COVID-19 pandemic is causing a positive response in
the Saudi stock market, although in the crisis periods, the
impact on stock prices was more negative than positive.
The increase in stock prices was likely due to successful
government interventions aimed at managing the cri-
sis. This help reduce uncertainty by developing a coher-
ent economic strategy for the pandemic that increased
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market agents’ trust in stocks. Moreover, the pandemic’s
strong short-term effect on Saudi stock prices should not
distract us from the fact that investors may have expected
a subsequent recovery in the stock market, especially
with continuous government interventions by removing
regulatory and legal obstacles and better improving the
risk management, allowing thereby a quick decision mak-
ing in response to any oil price volatilities.

On the other hand, asset managers and policymak-
ers should deal reactively and proactively and with
coping strategies for crises to comfort stock investors’
anxieties over the increasing oil market crises. They
should act in line with more prudent risk management
practices, by considering concrete mitigation actions
including but not exclusively the reviewing of the over-
all risk management framework moving from periodic
(or on demand) monitoring to a more active and con-
tinuous one, the introduction of concrete mechanisms
to mitigate non-financial risk, and the adoption of con-
tingency measures on all aspects of valuation particu-
larly in the presence of alternative assets.

Besides, economic policies must be adapted to how
oil market fluctuations affect the overall economy. In
order to create suitable measures to protect the econ-
omy from any negative oil price shocks, policymakers
have to understand the nexus between oil and stock
markets. Monetary authority (Saudi central bank) may
consider the adjustments of interest rates and policy
tools to ensure stability and improve market resilience
during turbulence periods in oil markets. Finally, con-
siderable efforts should be made to promote renewable
energy and reduce dependence on fossil fuels.

Due to the limited sample size and the tests’ statistical
inference, our findings should be treated with an ele-
ment of caution. Further observations may contribute
to more serious results. Nevertheless, these findings do
open opportunities for further studies to look in more
detail at how the COVID-19 pandemic affected, over
the short and long run, the Saudi stock market, mon-
etary policy, fiscal policy, financial stability, and vari-
ous other macroeconomic indicators based on a larger
sample and possibly even real-time data. Furthermore,
alternative empirical strategies, such as artificial neural
networks, quantile regressions, and machine learning,
can be performed in future research.

Abbreviations
ARDL Autoregressive distributed lag
ECM Error correction model

SVAR Structural vector autoregressive
WHO World health organization

us United States

TVC Time-varying causality
TVP-VAR Time-Varying Parameter VAR
FMVI Financial market volatility index

SM Stock market



Boukhatem and Alhazmi Future Business Journal (2024) 10:58

SR Stock returns

OR Oil returns

EIA Energy information administration

ADF Augmented Dickey-Fuller

PP Phillips—Perron

10 Innovational outlier

AO Additive outlier

EG-JOH Engle-Granger—Johansen

EG-JOH-BOS-BDM  Engle-Granger—-Johansen-Banerjee-Dolado-Mestre—
Boswijk

ECT Error correction term

WTI West Texas Intermediate

Acknowledgements
We thank helpful comments and suggestions from anonymous reviewers and
editor of the Future Business Journal.

Author contributions

All authors have made substantial contributions to the design and implemen-
tation of the research, to the analysis of the results, and to the writing of the
manuscript. All authors have read and agreed to the published version of the
manuscript.

Funding
No funding to declare.

Availability of data and materials
The datasets generated and/or analyzed during the current study are not pub-
licly available but are available from the corresponding author upon request.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
No potential competing interest of any form was reported by the authors.

Received: 13 July 2023 Accepted: 8 May 2024
Published online: 03 June 2024

References

1. Abhyankar A, Xu B, Wang J (2013) Oil price shocks and the stock market:
evidence from Japan. Energy J 34(2):199-222

2. Abuzayed B, Al-Fayoumi N (2021) Risk spillover from crude oil prices to
GCC stock market returns: new evidence during the COVID-19 outbreak.
N Am J Econ Finance 58(C):101476

3. Adebayo TS, Odugbesan JA (2021) Modeling CO2 emissions in South
Africa: empirical evidence from ARDL based bounds and wavelet coher-
ence techniques. Environ Sci Pollut Res 28(8):9377-9389

4. Adebayo TS (2021) Do CO2 emissions, energy consumption and glo-
balization promote economic growth? Empirical evidence from Japan.
Environ Sci Pollut Res 28:34714-34729

5. Adedeji AN, Funmilola FA, Adam SU (2021) Examining the dynamic effect
of COVID-19 pandemic on dwindling oil prices using structural vector
autoregressive model. Energy 230(C):1-10

6.  Alamgir F, Amin SB (2021) The nexus between oil price and stock market:
evidence from South Asia. Energy Rep 7:693-703

7. Al-Awadhi AM, Alsaifi K, Al-Awadhi A, Alhammadi S (2020) Death and
contagious infectious diseases: impact of the COVID-19 virus on stock
market returns. J Behav Exp Financ 27:1-5

8. Albulescu CT (2020) Coronavirus and oil price crash. SSRN Electron J.
https://doi.org/10.2139/ssrn.3553452

20.

21

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

Page 13 of 14

Al-Najjar D (2022) Impact of the twin pandemics: COVID-19 and oil crash
on Saudi exchange index. PLoS ONE 17(5):e0268733

Aloulou R, Kalai M, Helali K (2023) The symmetric and asymmetric impacts
of external debt on economic growth in Tunisia: evidence from linear and
nonlinear ARDL models. SN Bus Econ 3(7):1-28

. Aloui Ch, Hammoudeh S, Ben Hamida H (2015) Co-movement between

sharia stocks and sukuk in the GCC markets: A time-frequency analysis. J
Int Financ Mark, Institutions and Money. Elsevier, 34(C):69-79

Al-Shboul M, Maghyereh A (2023) Did real economic uncertainty drive
risk connectedness in the oil-stock nexus during the COVID-19 outbreak?
A partial wavelet coherence analysis. J Econ Struct 12(11):1-23
Antonakakis N, Chatziantoniou |, Filis G (2014) Dynamic spillovers of oil
price shocks and economic policy uncertainty. Energy Econ 44:433-447
Arouri ME, Rault C (2011) Oil prices and stock markets in GCC countries:
empirical evidence from panel analysis. Int J Financ Econ 17(3):242-253
Baker SD (2021) The financialization of storable commodities. Manage Sci
67(1):471-499

Balcilar M, Demirer R, Hammoudeh S (2019) Quantile relationship
between oil and stock returns: evidence from emerging and frontier
stock markets. Energy Policy 134:1-14

Banerjee A, Dolado J, Mestre R (1998) Error-correction mechanism

tests for cointegration in a single-equation framework. J Time Ser Anal
19(3):267-283

Basak S, Pavlova A (2016) A model of financialization of commodities. J
Financ 71(4):1511-1555

Baumeister C, Peersman G (2013) Time-varying effects of oil supply
shocks on the US economy. Am Econ J Macroecon 5(4):1-28

Bayer C, Hanck C (2013) Combining non-cointegration tests. J Time Ser
Anal 34(1):83-95

Bernanke B (1983) Non-monetary effects of the financial crisis in the
propagation of the great depression. Am Econ Rev 73(3):257-276
Boukhatem J (2024) The effects of financial risk components on local-
currency bond markets: theory and empirical evidence. SN Bus Econ
4(4)1-19

Boukhatem J (2022) How does financial risk affect sukuk market develop-
ment? Empirical evidence from ARDL approach. Heliyon 8(5):1-7
Boukhatem J (2021) What drives local currency bond market develop-
ment in Saudi Arabia: do macroeconomic and institutional factors mat-
ter? Future Bus J. https://doi.org/10.1186/543093-021-00110-8
Boukhatem J, Ftiti Z, Sahut JM (2021) Bond market and macroeco-
nomic stability in East Asia: a nonlinear causality analysis. Ann Oper Res
297(1):53-76

Boswijk HP (1994) Testing for an unstable root in conditional and uncon-
ditional error correction models. J Econom 63:37-60

Boyd NE, Harris JH, Li B (2018) An update on speculation and financializa-
tion in commodity markets. J Commod Mark 10:91-104

Brogaard J, Ringgenberg MC, Sovich D (2019) The economic impact of
index investing. Rev Financial Stud 32(9):3461-3499

Bruno VG, Biyuksahin B, Robe MA (2017) The financialization of food. Am
J Agr Econ 99:243-264

Cheng I-H, Xiong W (2014) Financialization of commodity markets. Annu
Rev Financ Econ 6:419-441

Clements A, Shield C, Thiele S (2019) Which oil shocks really matter in
equity markets? Energy Econ 81:134-141

Cunado J, Jo S, Perez de Gracia F (2015) Macroeconomic impacts of oil
price shocks in Asian economies. Energy Policy 86(C):867-879
Degiannakis S, Filis G, Arora V (2018) Oil prices and stock markets:

A review of the theory and empirical evidence. The Energy Journal
39(5):85-130.

Dickey DA, Fuller WA (1979) Distribution of the Estimators for Autoregres-
sive Time Series with a Unit Root. J Am Stat Assoc 47(366):427-431

Engle RF, Granger C (1987) Cointegration and error correction representa-
tion: estimation and testing. Econometrica 55:251-276

Erahman QF, Purwanto WW, Sudibandriyo M, Hidayatno A (2016) An
assessment of Indonesia’s energy security index and comparison with
seventy countries. Energy 111(15):364-376

Escribano A, Koczar MW, Jarefio F, Esparcia C (2023) Shock transmission
between crude oil prices and stock markets. Resour Policy 83(1):103754.
https://doi.org/10.1016/j.resourpol.2023.103754

Fisher RA (1932) Statistical Methods for Research Workers, 4th edn. Oliver
and Boyd, Edinburgh


https://doi.org/10.2139/ssrn.3553452
https://doi.org/10.1186/s43093-021-00110-8
https://doi.org/10.1016/j.resourpol.2023.103754

Boukhatem and Alhazmi Future Business Journal (2024) 10:58

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

Fuinhas JA, Marques AC (2012) Energy consumption and economic
growth nexus in Portugal, Italy, Greece, Spain, and Turkey: An ARDL
bounds test approach (1965-2009). Energy Econ 34(2):511-517
Goldstein |, Yang L (2022) Commodity financialization and information
transmission. J Finance 77:2613-2667

Goodell JW (2020) COVID-19 and finance: agendas for future research.
Finance Res Lett 35:101512. https://doi.org/10.1016/j.fr.2020.101512
Hamilton J (2009) Causes and consequences of the oil shock of 2007-08.
Brook Pap Econ Activity 2009:215-261

Hamilton JD (1983) Oil and the macroeconomy since World War 1. J Polit
Econ 91(2):228-248

Harjoto MA, Rossi F, Lee R, Sergi BS (2021) How do equity markets react to
COVID-19? Evidence from emerging and developed countries. J Econ Bus
115:1-15

Harvie C, Pahlavani M, Saleh AS (2006) Identifying structural breaks in the
Lebanese economy 1970-2003: an application of the Zivot and Andrews
test. Middle East Bus Econ Rev 18(1):18-33

Haug A (2002) Temporal aggregation and the power of cointegration
tests: a monte carlo study. Oxford Bull Econ Stat 64:399-412

Heinlein R, Mahadeo S (2023) Oil and US stock market shocks: implica-
tions for Canadian equities. Can J Econ 56(1):247-287

Henderson BJ, Pearson ND, Wang Li (2015) New evidence on the finan-
cialization of commaodity markets. Rev Financial Stud 28(5):1285-1311
Huang RD, Masulis RW, Stoll HR (1996) Energy shocks and financial mar-
kets. J Futur Mark 16(1):1-27

Hwang |, Kim J (2021) Oil price shocks and the US stock market: a nonlin-
ear approach. J Empir Finance 64:23-36

Johansen S (1995) A Statistical analysis of cointegration for I(2) variables.
Economet Theor 11:25-59

Jones C, Kaul G (1996) Oil and stock markets. J Finance 51(2):463-491
Kalmaz DB, Kirikkaleli D (2019) Modeling CO2 emissions in an emerging
market: empirical finding from ARDL-based bounds and wavelet coher-
ence approaches. Environ Sci Pollut Res 26(5):5210-5220

Kang W, Tang K, Wang N (2023) Financialization of commodity markets
ten years later. J Commod Mark 30:100313

Kang W, Perez de Gracia F, Ratti RA (2017) Qil price shocks, policy uncer-
tainty, and stock returns of oil and gas corporations. J Int Money Financ
70:344-359

Kang W, Ratti RA (2013) Structural oil price shocks and policy uncertainty.
Econ Model 35:314-319

Kang W, Ratti RA, Yoon KH (2015) The Impact of Oil Price Shocks on the
Stock Market Return and Volatility Relationship. J Int Financ Mark, Institu-
tions and Money, 34(C):41-54

Khalfaoui R, Solarin SA, Al-Qadasi A, Ben Jabeur D (2022) Dynamic causal-
ity interplay from COVID-19 pandemic to oil price, stock market, and eco-
nomic policy uncertainty: evidence from oil-importing and oil-exporting
countries. Ann Oper Res 313(1):105-143

Kilian L (2009) Not all oil price shocks are alike: disentangling demand
and supply shocks in the crude oil market. Am Econ Rev 99(3):1053-1069
Kilian L, Park C (2009) The impact of oil price shocks on the U.S. Stock
market. Int Econ Rev 50(4):1267-1287

Laurenceson J, Chai JCH (2003) Financial reform and economic develop-
ment in China. UK, Edward Elgar, Cheltenham

Lippi F, Nobili A (2012) Oil and the macroeconomy: a quantitative struc-
tural analysis. J Eur Econ Assoc 10(5):1059-1083

Marcus AA (1981) Policy uncertainty and technological innovation. Acad
Manag Rev 6(3):443-448

McCann CM, Baylism M, Williams DJ (2010) The development of linear
regression models using environmental variables to explain the spatial
distribution of Fasciola hepatica infection in dairy herds in England and
Wales. Int J Parasitol 40(9):1021-1028

Mugableh MI (2017) World oil price volatility and stock returns fluctua-
tions: evidence from Southeast Asian equity markets. Sci Int 29:759-762
Naser H, Al-aali F, Abdulla Y, Ebrahim R (2023) The impact of oil price and
COVID-19 pandemic on clean energy stocks: an empirical approach using
ARDL. Arab Gulf J Sci Res. https://doi.org/10.1108/AGJSR-10-2022-0246
Olayungbo D, Zhuparova A, Mamdouh A, Segun MO (2024) Global oil
price and stock markets in oil exporting and European countries: Evi-
dence during the Covid-19 and the Russia-Ukraine war. Res Glob 8:1-14
Oskooee BM, Oyolola M (2007) Export growth and output growth: an
application of bounds testing approach. J Econ Finance 31(1):1-11

Page 14 of 14

69. Pesaran MH, Shin'Y, Smith R (2001) Bounds testing approaches to the
analysis of level relationships. J Appl Economet 16:289-326

70. Phoong SW, Mahi MA, Phoong SY (2023) A Markov switching approach in
assessing oil price and stock market nexus in the last decade: the impact
of the COVID-19 pandemic. SAGE Open 3(1):1-11

71. Putnam KJ (2018) Financialization of commodity markets. In: Kent Baker
H, Filbeck G, Harris JH (eds) Commodities: Markets, Performance, and
Strategie. Oxford Academic, New York, pp 8-96

72. Phillips PCB, Perron P (1988) Testing for a Unit Root in Time Series Regres-
sion. Biometrika 75:335-346

73. Perron P,Vogelsang TJ (1992) Testing for a Unit Root in a Time Series
with a Changing Mean: Corrections and Extensions. J Bus Econ Stat
10(4):467-70.

74. Raifu IA (2023) Examining the time-varying causality between oil returns
and stock returns in Norway. Energy Res Lett 4(1):1-9

75. Razmi SF, Razmi SMJ (2023) The role of stock markets in the US, Europe,
and China on oil prices before and after the COVID-19 announcement.
Resour Policy 81:103386. https://doi.org/10.1016/j.resourpol.2023.103386

76. Rodrik D (1991) Policy uncertainty and private investment in developing
countries. J Dev Econ 36(2):229-242

77. Sadorsky P (1999) Oil price shocks and stock market activity. Energy Econ
21(5):449-469

78. Salisu AA, Oloko TF (2015) Modelling spillovers between stock market
and FX market: evidence for Nigeria. J Afr Bus 16(1-2):84-108

79. Sharif A, Aloui C, Yarovaya L (2020) COVID-19 pandemic, oil prices,
stock market, geopolitical risk, and policy uncertainty nexus in the US
economy: fresh evidence from the wavelet-based approach. Int Rev
Financ Anal 70:1-9

80. Shahbaz M, Khan S, Ali A, Bhattacharya M (2017) The impact of globaliza-
tion on CO, emissions in China. Singap Econ Rev 62(04):929-957

81. Smyth R, Narayan PK (2018) What do we know about oil prices and stock
returns? Int Rev Financ Anal 57:148-156

82. Sockin M, Xiong W (2015) Informational frictions and commodity mar-
kets. J Financ 70(5):2063-2098

83. Tang K, Xiong W (2012) Index investment and the financialization of com-
modities. Financ Anal J 68:54-74

84. Tissaoui K, Hkiri B, Talbi M, Alghassab W, Alfreahat KI (2021) Market volatil-
ity and illiquidity during the COVID-19 outbreak: evidence from the Saudi
stock exchange through the wavelet coherence approaches. N Am J
Econ Finance 58:1-25

85. Wasiuzzaman S (2022) Impact of COVID-19 on the Saudi stock mar-
ket: analysis of return, volatility and trading volume. J Asset Manag
23(4):350-363

86. Wei C (2003) Energy, the stock market, and the Putty-Clay investment
model. Am Econ Rev 93(1):311-323

87. Wong VS, El Massah S (2017) Recent evidence on the oil price shocks on
gulf cooperation council stock markets. Int J Econ Bus 25(2):297-312.
https://doi.org/10.1080/13571516.2017.1379216

88. WeiY,Yu B, Guo X, Zhang C (2023) The impact of oil price shocks on the
US and Chinese stock markets: A quantitative structural analysis. Energy
Reports 10:15-28

89. Wen F, Zhang M, Xiao J, Yue W (2022) The impact of oil price shocks
on the risk-return relation in the Chinese stock market. Fin Res Lett
47(B):102788

90. Yan R, Cao F, Gao K (2022) Determining the COVID-19 effects on
spillover between oil market and stock exchange: a global perspective
analysis. Environ Sci Pollut Res 29:66109-66124. https://doi.org/10.1007/
$11356-022-19607-y

91. Younis |, Shah WU, Yousaf | (2023) Static and dynamic linkages between
oil, gold and global equity markets in various crisis episodes: evidence
from the Wavelet TVP-VAR. Resour Policy 80:103199. https://doi.org/10.
1016/j.resourpol.2022.103199

92. Zhang F, Narayan PK, Devpura N (2021) Has COVID-19 changed the stock
return-oil price predictability pattern? Financial Innov 7(1):1-10

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


https://doi.org/10.1016/j.frl.2020.101512
https://doi.org/10.1108/AGJSR-10-2022-0246
https://doi.org/10.1016/j.resourpol.2023.103386
https://doi.org/10.1080/13571516.2017.1379216
https://doi.org/10.1007/s11356-022-19607-y
https://doi.org/10.1007/s11356-022-19607-y
https://doi.org/10.1016/j.resourpol.2022.103199
https://doi.org/10.1016/j.resourpol.2022.103199

	COVID-19 pandemic, oil prices and Saudi stock market: empirical evidence from ARDL modeling and Bayer–Hanck cointegration approach
	Abstract 
	Introduction
	Literature review
	Oil prices and economic aspects in pre-COVID-19 pandemic
	Oil prices and economic aspects in post-COVID-19 pandemic

	Research methodology
	Model specification
	Data description and summary statistics
	Empirical methodology

	Results and discussion
	Summary statistics
	Unit root testing

	The bounds test for cointegration results
	Demonstrating the ARDL Model’s robustness with the Bayer–Hanck cointegration test
	ECM Granger causality analysis
	Conclusion
	Acknowledgements
	References


