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The Saudi Arabian stock market is one of the top ten stock markets worldwide in terms of

capitalization. The size of its capitalization has caused the stock market to draw the attention

of local and foreign investors. This study investigates the macroeconomic variables that have

the strongest effects on the behavior of the Saudi Arabian stock market (TSAI). The main

variables are income, oil and the interest rate, with the aim of examining the long-run

cointegration with consideration of the impact of the asymmetric behavior of oil and interest

rates on the stock market. Thus, a nonlinear ARDL cointegration approach was used to test

for the existence of a long-run cointegration relationship among the variables, which was

confirmed by using an econometric model. The model also confirmed the asymmetric impact

of oil and interest rates. Over the long run, income and negative oil attributes have positive

impacts on the stock market, while the positive attributes of the real interest rate have a

negative impact. However, the short-run dynamics showed the positive impact of income in

the first moment and a statistically significant impact. On the other hand, the second moment

of income showed a negative impact on the stock market. Furthermore, positive oil attributes

have a negative impact on the stock market, as does the second moment of the negative

attribute of oil. In addition, the negative attribute of oil showed a positive impact on the stock

market in the first moment and over the long run. However, the asymmetric impact of oil on

the Saudi Arabian stock market was confirmed by the model in terms of the short-run

dynamics. These results can aid authorities as they implement fiscal policy to mitigate the

impacts of these macroeconomic factors on the stock market.
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Introduction

The stock market is one of the main channels for savers to
invest in the modern economy, especially with the recent
technological development of stock market tools. The

Saudi Arabian stock market first began alongside the process of
establishing the Kingdom of Saudi Arabia in 1935 with one
company called the Car Arabian Company, which was liquidated
shortly after the inception of its IPOs1 The next iteration of the
Saudi Arabian stock market was in 1954 with the Arabian
Cement Company IPOs. The number of publicly listed compa-
nies has grown since 1954, with 14 companies becoming publicly
listed in 1970. Then, the mid-1970s’ oil boom caused the number
of companies to reach 34. The development in Saudi Arabia as oil
revenues hit unexpected levels motivated companies to publicly
list, and the requirement to develop the stock market became a
priority for the Saudi authorities.

Saudi Arabia has developed its stock market’s ability to
accommodate fast and easy access to market investment tools, to
enhance them, and to attract more investors to participate in the
stock market, similar to the most developed countries. Today,
Saudi Arabia is in the top 10 stock markets worldwide and first in
the Middle East and North Africa in terms of capitalization, with
a capitalization size of USD 3 trillion in stock, according to the
Saudi Exchange’s monthly report from August 2023. Further-
more, the Saudi Arabian stock market cap was three times the
country’s nominal GDP. The Saudi Arabian stock market, which
is represented by the main index TASI, has 223 companies listed
with diverse business activities. Eighteen companies made IPOs in
2022, at a value of almost USD 10 billion, making the Saudi
Arabian stock market a potential investment opportunity for local
and foreign investors2. In addition, the amount of capital that the
Saudi Arabian stock market acquired for the IPOs shows the
strength and trust in the Saudi Arabian economy and stock
market. The average traded value of stock shares has reached
USD 1.8 billion, with a volume of 181.90 million shares. These
statistics position the Saudi Arabian stock market to be added to
the MSCI emerging stock market index.

The Saudi Arabian government has launched its economic
vision, Vision 2030. It aims to have a strong and reliable financial
sector that can observe a financial surplus. Vision 2030 involves a
program for developing and restructuring the financial sector.
This development will enhance investment opportunities,
income-diversifying abilities, and savings.

The reform will restructure the financial sector which will
impact the economy and change the stock market behavior.
Therefore, it is important to study the factors that impact the
stock market to enable the authorities to mitigate the challenges
and to control the stock market during the reform phase.

In this study, the focus is on the external factors that affect the
stock market and that the authorities can control. Understanding
these factors will provide a sense of their consequences in terms
of how the behavior of the stock market responds to the factors’
changes. In this context, income, interest rates and oil are char-
acterized as the main factors impacting the stock market. The
choice of income and interest rates was based on the hypotheses
of Hicks (1937), while oil was chosen based on its role in the
Saudi Arabia economy (Alabdulwahab, 2021; Alkhathlan, 2013).
However, the interest rate has been confirmed to play a role in
stock markets by its mid and long-term span (Campbell, 1987).
The assessment is framed in terms of the long-run impact and
short-run dynamic impact in order to understand the behavior of
the leading factors in both time periods, enabling the authorities
to design their policies based on their desired time frame.

This study leveraged the analysis of the financial market rela-
tive to macroeconomic factors by focusing on the associations
among the variables. Furthermore, this study has transformed the

GDP to income per capita, unlike most studies in this field, which
have used factors in their natural form. However, this study
imposes the price level within the variables by using the real form
of the variables. In addition, this study analyzes one of the fastest-
growing stock markets in emerging countries; it has not been
studied often, nor has the recent reform plan in Saudi Arabia.
This study provides insight into the stock market’s behavior with
respect to the changes in the macroeconomic variables, which can
also provide the authorities with a sense of the consequences that
they may anticipate. This article will be structured as follows:
section “Literature review” serves as the literature review, section
“Methodology” forms the econometrics model, section “Data” is
the data description, section “Results” is the result and finally
section “Conclusions” is the conclusion.

Literature review
Stock markets play an important role in the economy as venues
for investors and companies. Investors can earn profits by
investing in companies that are publicly listed, while the com-
panies can raise money to finance their expansions. Stock markets
are directly exposed to economic impacts through the expectation
of future economic performance, and they are indirectly affected
by the economy via the listed companies, as they respond to the
changes in the economy. The direct effect can be controlled as the
government has used its economic policy tools efficiently. The
gross domestic product (GDP) is the main index for measuring
economic performance, which is one of the factors that is ana-
lyzed by this study. Yartey (2008) investigated the determinants
of the stock markets for 42 emerging countries using institutional
and macroeconomic factors. Macroeconomic factors, such as the
income level, gross domestic investment, banking development,
private capital flow, and market liquidity, are important for
emerging countries’ stock market performance. In addition, the
political, law enforcement, and administrative qualities are also
important determinants. These factors were found to have an
important role in South Africa’s stock market performance.

The economic development and the size of the stock market
are more correlated than the economic output (McGowan, 2008).
In an examination of 102 countries, the result showed a positive
and significant relationship between income per capita and stock
market capitalization. Karacaer and Kapusuzoglu (2010) analyzed
the relationships between inflation, industrial output, exchange
rates, and the stock market in Turkey. The results showed a
significant long-run relationship among the variables in the frame
of analysis in the study. However, in the short run, there were
unidirectional and bidirectional causal relationships among the
variables. Gnahe (2021) investigated the impact of macro-
economic variables on stock market returns in Kazakhstan. He
estimated the Johansen Cointegration to examine the relationship
among the stock market returns, gross domestic product (GDP),
exchange rates, interest rates, foreign direct investment (FDI),
and inflation rates. The results showed that all the variables sta-
tistically significantly impacted the stock market returns, except
for the GDP. On the other hand, Omar et al. (2022) implemented
ARDL cointegration to examine the existence of a long-run
relationship between stock market development and macro-
economic indicators in Pakistan. The test assessed the impacts of
economic growth, inflation, financial development, foreign direct
investment (FDI), and trade openness on stock market develop-
ment. Furthermore, the ARDL cointegration confirmed the
existence of a long-run relationship between the variables con-
sidered. Among all the variables, the GDP and financial devel-
opment had a positive impact on stock market development in
the short and long run, whereas the rest of the variables had a
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negative impact. Furthermore, the GDP and FDI had a positive
impact on stock market development in the short run, whereas
the rest of the variables had a negative effect.

The financial development and trade openness were statisti-
cally insignificant in the short run. Stock market participation was
investigated in 19 European countries by Kaustia et al. (2023),
using a panel analysis method. The framework of the analysis
accommodated the institutional, traditional, and individual levels,
as well as behavioral variables, to assess the effects of those
variables on stock market participation. The methodological
framework examined all factors with fixed effects, and the factors
were decomposed to gain a more precise insight into the impact
of each set of data on stock market participation. The results
showed that income had a positive impact on participation in the
stock market when the model involved all factors. In addition, the
model of regulatory quality and the model of wealth and edu-
cation showed a significant positive impact of income on stock
market participation. On the other hand, equity share in financial
assets showed a negative impact of income on stock market
participation. The aphasias of most discussed studies imply a
positive relationship between the stock market and income. This
factor can be controlled via fiscal policy, like the other factor,
which is the interest rate.

The interest rate is a monetary policy tool that has a direct
impact on the financial sector. The aim of monetary policy is to
direct the economy to attain economic goals such as price sta-
bility. However, a change in the interest rate changes the behavior
of investors toward the expansion or reduction in their business
activities. Therefore, the stock market is indirectly impacted by
the interest rate via the performance of the listed companies.
Alam and Uddin (2009) examined the existence of stock market
efficiency for a set of developed and developing countries,
including Australia, Canada, Germany, Italy, Japan, Spain, Chile,
Mexico, South Africa, Bangladesh, Jamaica, Venezuela, Colombia,
the Philippines, and Malaysia. A stationarity test was applied to
the return of the stock market for each country, and it was found
that none of these stock markets exhibited the behavior of a
random walk model, which means that previous prices can pre-
dict future prices. These stock markets were not efficient and had
a weak form in their stock market activities. For further investi-
gation, the relationship between stock market prices and interest
rates was tested, specifically, the relationship between the change
in the stock market price and the change in the interest rate. The
results showed a significant negative relationship between the
stock market price and interest rate. On the other hand, six of the
fourteen countries had a significant negative relationship between
the change in stock price and the change in the interest rate.
Uddin and Alam (2010) tested the efficiency of the Dhaka Stock
Exchange (DSE). They found that the DSE was not efficient in its
financial activities based on the stationarity test, which showed no
behavior of a random walk model. However, the linear relation-
ship between the stock market price and the interest rate was
tested, as was the change in the stock market price associated with
the change in the interest rate. The test results proved the exis-
tence of a negative relationship between the two variables in
both tests.

The relationship between the interest rate and the stock market
has also been shown to vary across stock market sectors (Moya-
Martínez et al., 2015). A wavelet analysis was applied to the stock
market of Spain to test the impact of the interest rate at the
sectoral level of the stock market. The results showed that the
interest rate’s impact was differentiated across the sectors in the
stock market. Furthermore, the degree of sensitivity of each sector
relied on the degree of exposure of this sector to financial activ-
ities and regulations. Sectors that were more exposed to regula-
tions, such as telecommunication, real estate, and utility, as well

as the banking sector, were highly impacted by the change in the
interest rate. The relationship between the returns in those sectors
and the interest rate was examined and showed a strong rela-
tionship even at the coarsest scales. Bissoon et al. (2016) exam-
ined the impact of the monetary policy in five open economies on
the stock market returns using a panel framework. The results
showed significant long-run and short-run relationships among
the variables, proving the negative relationship between the stock
market return and the interest rate. In addition, there was a
significant direct link between money supply and stock market
returns. However, the model confirmed the ability of monetary
variables to explain the changes in the stock market in the short
run and long run. Eldomiaty et al. (2020) investigated the impact
of the real interest rate and inflation on the stock market price for
DJIA30 and NASDAQ100. The Johansen panel cointegration
framework was applied to test the existence of relationships
among the variables in the investigation. The results confirmed
the existence of the relationship among the variables, showing a
negative relationship between inflation and stock market price.
On the other hand, the relationship between the interest rate and
stock price was positive.

The relationship between macroeconomic variables and the
stock market has not been clearly confirmed. John (2019)
examined the impact of macroeconomic variables in Nigeria on
its stock market, including the exchange rate, money supply,
interest rate, and inflation. The results showed a significant
relationship between the stock market and money supply, as well
as the interest rate. However, there was a positive relationship
between the money supply and the stock market, unlike the
interest rate, which had a negative relationship with the stock
market. The exchange rate and inflation had a positive impact on
the stock market, but they were insignificant. However, the long-
run relationship among the variables was confirmed, with the
conclusion that the money supply and interest rate were the
macroeconomic factors that had the greatest impact on the stock
market in Nigeria. The macroeconomic factors in the United
States, such as the interest rate, have a global impact on world-
wide stock markets. Kim (2023) assessed the response of Korean
firms to the change in the US interest rate. The results showed
that a sharp increase in the US interest rate would result in a high
level of quality investors leaving emerging stock markets. Com-
panies with a high export share of their products, foreign own-
ership, and large capitalization would perform well during an
interest rate shock, unlike other firms with small capitalization,
no foreign ownership, and a small export share. Furthermore,
small companies with fixed financial abilities were less likely to
suffer from shocks due to an interest rate hike. However, the
stock market is subject to factors that are determined globally,
which are beyond the control of the local authorities, such as oil.

In general, oil has an impact on the global economy, as it is a
basic input in a variety of industrial sectors, either as a source of
energy or a raw input material. A change in the oil market
changes the stock market returns, and oil shocks impact the
prices of stock market returns (Apergis and Miller, 2008). Oil
price changes can be decomposed into three types of shocks: oil
supply shocks, global oil demand shocks, and global aggregate
demand shocks. The impacts of these shocks on stock market
returns were assessed in eight developed countries, including the
USA, Canada, the UK, France, Germany, Italy, Japan, and Aus-
tralia. In addition, the vector autoregressive (VAR) model was
estimated, which determined that oil shocks had a minimal effect
on international stock market returns. However, Amri-Asrami
and Jamkhane (2024) have assessed the oil impact on Tehran
Stock Exchange (TSE) performance NARDL cointegration
method. The result shows a symmetric impact between oil prices
and stock market performance in the long run. Unlike the long
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run, the estimation shows asymmetric impact between oil price
and stock market performance, as well as the performance of the
petrochemical sector. In contrast, Arouri and Rault (2010)
examined the relationship between oil prices and stock markets in
the Gulf Cooperation Council (GCC). The result revealed that
there was a significant causal relationship between the oil price
and the stock market in GCC countries. However, this causal
relationship was bidirectional in the case of Saudi Arabia, unlike
the rest of the GCC countries. Furthermore, the rest of the GCC
countries exhibited a causal direction from oil prices to the stock
market. Alqattan and Alhayky (2016) examined the relationship
between the oil price and GCC countries’ stock markets. The
ARDL cointegration model was estimated to examine the exis-
tence of a long-run relationship among the variables, which
revealed that there was no long-run relationship among the
variables, except in the case of Oman. However, the model proved
the cointegration among the variables for all GCC countries in
the short run. Changes in the oil price play a role in stock market
changes in the short run, with a positive effect across the GCC
countries.

In Africa, there are countries producing oil, and oil can affect
their stock markets’ performance. Olufisayo (2014) investigated
the relationship between oil price differences and stock market
differences in Nigeria. The results showed that there was a long-
run relationship between oil price differences and stock market
differences. However, there was unidirectional causation from oil
prices to the stock market. Furthermore, the impulse response
function (IRF) showed that there was a temporary positive impact
of oil prices on the stock market in Nigeria. On the other hand,
variance decomposition (VDC) suggested that the variations in
the stock market in Nigeria were driven by oil shock changes.
Moreover, Ojeyinka and Aliemhe (2023) investigated the impact
of oil demand, global oil supply, and oil-market-specific demand
on the Nigerian Stock Exchange (NSE) at the sectoral level,
including the oil and gas, consumer goods, industrial, insurance,
and banking sectors. Furthermore, the ARDL cointegration
model was estimated to assess the linkage among the variables.
The results confirmed the long-run association between oil price
changes and stock market returns in Nigeria. In addition, the
model indicated the positive relationship between oil demand,
oil-market-specific demand, and aggregate stock market returns,
as well as sectoral returns. On the other hand, the global oil
supply had an insignificant impact on aggregate market returns,
as well as the sectoral returns, except in the oil and gas sector. The
model indicated that the global oil supply had a significant
positive relationship with the oil and gas sector. However, Keli-
kume and Muritala (2019) implemented a dynamic panel data
analysis to observe the impact of the oil price on the stock
markets for five oil-producing African countries. The results
showed a negative impact of oil on the stock market across the
selected countries. However, unlike oil prices, GDP growth has a
positive impact on these countries’ stock markets.

Asian stock markets can be affected by oil in oil-producing
countries as well as oil-consuming countries. However, the
impact of oil differed across stock market sectors. Rahmanto et al.
(2016) investigated the impact of the oil price on the Indonesian
stock market in a sector-level analysis. They found a positive
impact of oil on all sectors of the Indonesian stock market.
However, an asymmetric relationship among oil prices, agri-
culture sector returns, and consumer goods sector returns was
confirmed. Shabbir et al. (2020) applied ARDL cointegration to
examine the existence of a long-run relationship between the
stock market, oil prices, and gold prices in Pakistan, which was
confirmed. The oil price had a negative impact on the stock
market in Pakistan in both the long run and the short run.
Furthermore, the attribute of the long-run impact was minimal

relative to the short run. In addition, in the model, the attribute of
the oil price impact was greater than the gold price impact.
Alamgir and Amin (2021) estimated a nonlinear ARDL coin-
tegration model to assess the linkage between oil prices and the
stock market for four South Asian countries. They found that the
oil price had an asymmetric effect on the stock market. The
relationship between oil prices and the stock market was positive,
and the stock market was stimulated by higher oil prices, which
indicated that the stock market exhibited inefficient financial
activities.

European countries' stock markets are exposed to the oil
changes due to their high economic openness. Furthermore,
Castro et al. (2023) assessed three structural oil shocks to examine
the time-varying impact of oil on European stock market returns.
They used a time-varying parameter vector autoregression model
to analyze the supply-side shock, aggregate demand shock, and
oil-specific demand shock impact. They found that the impacts of
those shocks varied over time; the European stock markets
responded positively to sudden increases in oil supply in the
period before the Global Financial Crisis (GFC) in 2007–2009
and negatively in the post-GFC period. However, the European
stock markets responded positively to sudden increases in
demand and responded negatively in 2003–2005 as a result of a
growth-delay effect. Furthermore, the European stock markets
responded negatively to a sudden increase in oil-specific demand
in the pre-GFC period and positively in the post-GFC period. The
studies have been focusing on either emerging markets as a group
of markets or as individual markets. However, fewer studies have
focused on the Saudi Arabian stock market as an individual
market and their focus was driven by either financial motivation
or oil prospect.

In recent years, the Saudi Arabian government has paid more
attention to the financial sector as a path to attracting foreign
investors. One of the goals of the Saudi Arabian government is to
develop the stock market by developing regulations and intro-
ducing new trading tools, such as derivatives. This new devel-
opment requires more studies investigating different aspects that
impact the stock market to be aware of the future challenges of
these structural changes. Many studies have analyzed the Saudi
Arabian stock market, assessing the factors that affect it.
Samontaray et al. (2014) examined the impact of macroeconomic
variables on returns in the Saudi Arabian stock market. Fur-
thermore, they examined the impacts of oil prices, exports, and
the PE ratio on stock market returns. They found that the stock
market was correlated with independent factors. In addition, the
price-to-earnings (P/E) ratio was the most important factor
impacting the stock market. Independent factors positively
impact the stock market, and 93% of the variations in the
dependent variables were explained by the independent variables.
On the other hand, Tong et al. (2018) analyzed the impact of
crude oil price volatilities on volatility in the Saudi Arabian stock
market. They compared different econometric models and con-
cluded that the Markov switching nonlinear model was the most
consistent. Furthermore, in both estimated regimes, crude oil was
found to have a positive and significant impact on the stock
market.

Global factors had a negative and significant impact on the
stock market. Khamis et al. (2018) studied the impact of oil price
variations on the Saudi Arabian stock market at the sectoral level.
They found that sectors in the stock market had a relationship in
terms of Granger causality with respect to oil price variations.
However, the sectors were affected by negative oil prices more
than positive oil prices, which confirmed the asymmetric impact
of the oil price on the Saudi Stock market. Aljifri (2020) examined
the long-run relationship between the Saudi Arabian stock mar-
ket and macroeconomic variables. The Johansen cointegration
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test was implemented to test for the existence of a long-run
relationship among the variables under consideration, which was
confirmed. Oil prices and the S&P 500 had a significant positive
impact on the stock market. On the other hand, the money
supply had a significant negative impact on the stock market.
Furthermore, the stock market was highly affected by oil prices,
while the money supply and S&P 500 had a relatively minimal
effect on the stock market. Furthermore, Sadouni et al. (2022)
investigated the existence of a long-run relationship between oil
and the Saudi Arabian stock market using a cointegration
approach. The Granger causality test was applied to assess the
direction of causality among the variables under consideration.
The results confirmed the long-run relationship among the
variables, as well as the unidirectional causality from the Saudi
Arabian stock market to the oil market for both BRENT and
OPEC basket prices. Also, Abdou et al. (2024) examine the ability
to predict the Saudi stock market performance via oil prices and
the stock markets of five developed countries, incorporating
China’s stock market as an extension to developing markets. The
Machine Learning (ML) approach, as well as Generalized Method
Moments, have been exercised to investigate the effect of these
variables on the Saudi stock market. The result shows a strong
impact of oil on the Saudi stock market after the 2006 Saudi stock
market collapse. Furthermore, prior to 2006, the UK and Japan
were the most influential markets to the Saudi stock market, while
China’s stock market became the most influential after 2006,
following the Saudi stock market's collapse.

The policy of fixed exchange rate of Saudi Riyal rise the
question how the monetary policy of the US can affect the Saudi
Arabi stock market. Almahfouz (2020) attempted to distinguish
the impact of US monetary policy as represented by the change in
the Fed’s fund target rate and the quantitative easing program on
the Saudi Arabian stock market. The study revealed that the Saudi
Arabian stock market was more significantly affected by US
monetary policy than by the quantitative easing program.

In general, most studies have investigated the linear relation-
ships between the chosen variables, like Gnahe (2021), Moya-
Martínez et al. (2015), Khamis et al. (2018), Arouri and Rault
(2010), and Alqattan and Alhayky (2016). Few studies have dis-
cussed the existence of a nonlinear relationship between the stock
market and oil prices, like Alamgir and Amin (2021) and Amri-
Asrami and Jamkhane (2024). In addition, income, which is an
important factor affecting the stock market, has not been dis-
cussed in the Saudi Arabian context. Furthermore, no studies
have investigated either the asymmetric impact of the interest rate
on the Saudi Arabian stock market or the impact of income.
However, the studies in the literature have discussed different
factors that have an impact on the stock market, like trade
openness, money supply and inflation, which are important to the
structure of their study framework. On the other hand, this study
will investigate the impacts of income, the interest rate, and oil on
the Saudi Arabian stock market within a nonlinear analytical
framework. The results of this study will help the authorities gain
insights into policy implications and the effects of global eco-
nomic events on the Saudi Arabian stock market.

Methodology
The stock market is affected by local and global economic factors.
The Saudi Arabian stock market is similar to stock markets in
countries with open economies exposed to global economic dis-
tortion. The literature review suggested that there were different
factors with positive and negative impacts on the stock market. In
this study, we focus on the factors that represent economic
policies (the interest rate), global market interactions (oil), and
local macroeconomic factors (income). Therefore, the stock

market in Saudi Arabia, which is represented by TASI, is a
function of these factors, as it is shown in Eq.1. However, focusing
on these factors will strengthen the analysis on how economic
policies, as well as global events, affect the Saudi Arabian stock
market.

þþ�
TASI ¼ f ðIN;Oil;R; Þ ð1Þ

TASI is the Tadawul All Share Index, and it represents the
main Saudi Arabian stock market; IN is the real income per
capita, Oil is the oil rent, and R is the real interest rate. The
expected sign of each variable is marked on top of each factor
symbol. Most studies have indicated the positive impact of
income on stock market returns (e.g., McGowan (2008) and
Omar et al. (2022)). Hence, we expect the impact of an increase in
income on the stock market to be positive, as income increases,
the amount of savings will increase, and savings are transferred to
investments. Thus, the stock market shares should increase due to
future earnings expectations as a result of new business expansion
in the companies that are listed in the stock market. The expec-
tation for the impact of oil to be positive, as we consider that oil
revenue increases as oil prices increase, and the Saudi Arabian
economy relies on oil activities. Therefore, the wealth of Saudi
Arabia increases, which will result in the demand for stock shares
increasing. However, many studies on this topic have reported
contradictory directions of the impact of oil on the stock market
(e.g., Alamgir and Amin (2021) and Shabbir et al. (2020)) and
Saudi Arabia, as surplus in the oil production exceeds oil con-
sumption as relatively speaking. We expect that an increase in the
interest rate will have a negative impact on the stock market; the
theory explains that an increase in the interest rate will result in a
decrease in borrowing activities. Therefore, the cost of investment
financed by borrowing will increase, which will drive firms to
shrink their business activities as a result. Investors in the stock
market make their decisions with respect to future returns, and an
increase in the interest rate minimizes their expectations, which
directs the stock market toward bearish activities.

Equation1 has a functional form that represents the relation-
ships among the variables, and it cannot be estimated. Therefore,
Eq.1 should be transformed into a linear equation form for OLS
estimation, as shown in Eq.2. However, TASI is the dependent
variable, and / is the constant term of the equation. In addition,
β1, β2, and β3 are the coefficients of the explanatory variables.
This transformation can be done via a log form mechanism.
Furthermore, εt is the error term of the equation capturing the
unexplained changes in the dependent variables that are not
explained by the explanatory variables?

TASIt ¼/ þβ1INt þ β2Oilt þ β3Rt þ εt ð2Þ

The ARDL cointegration is estimated based on the OLS esti-
mation method; however, the estimation contains the I(0) and
I(1) forms of the variables, as well as the first difference form. The
main requirement of estimating the ARDL cointegration model is
that none of the variables should take the I(2) stationarity rank,
including the dependent variable (Pesaran and Shin, 2001;
Pesaran et al., 2001). This requirement was imposed to ensure the
validity of the ability of the ARDL bounds test to validate the F
joint test of the estimation. Therefore, a variable with the sta-
tionarity rank I(2) will invalidate the F joint test, and this requires
the stationarity test to be assessed ahead of the ARDL coin-
tegration estimation. To satisfy this requirement, the Augmented
Dickey–Fuller (ADF) and Kwiatkowski–Phillips–Schmidt–Shin
(KPSS) methods were used to ensure that none of the variables
had the I(2) rank.
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Nonlinear ARDL cointegration model. The assumption that the
relationship between variables is linear is questionable, especially
when dealing with variables that have high volatility, such as oil
prices and any component that uses the oil prices implicitly. In
addition, nonlinear analysis can deal with variables that are
controlled by changes in the behavior of other variables. Inde-
pendent variables can have positive and negative attributes within
short periods of time. Furthermore, several studies in this field
have confirmed the existence of nonlinear relationships between
oil and the stock market, and they characterized the effects of
independent variables on the dependent variable as an asym-
metric effect (Rahmanto et al., 2016; Alamgir and Amin, 2021;
Khamis et al., 2018). Therefore, a method based on that of Shin
et al. (2014) is used; the explanatory variables that are considered
to have an asymmetric effect should be decomposed into positive
and negative changes. Hence, Eq.3 and Eq.4 contain Oilþt , Oil

�
t ,

Rþ
t , and R�

t , which represent positive and negative changes in oil
and the interest rates, respectively. Oilþt indicates a positive
change in oil, and Oil�t represents negative changes in oil. Rþ

t
indicates positive changes in the interest rate, and R�

t represents
negative changes in the interest rate. This form of equation is a
partial sum framework.

OilPost ¼ ∑
n

k¼1
ΔOilþt ¼ ∑

n

k¼1
maxðΔOilt ; 0Þ;

OilNegt ¼ ∑
n

k¼1
ΔOil�t ¼ ∑

n

k¼1
minðΔOilt ; 0Þ

ð3Þ

RPost ¼ ∑
n

k¼1
ΔRþ

t ¼ ∑
n

k¼1
maxðΔRt ; 0Þ;

RNegt ¼ ∑
n

k¼1
ΔR�

t ¼ ∑
n

k¼1
minðΔRt ; 0Þ

ð4Þ

To ensure the asymmetric effect of the independent variable on
the dependent variable, Eq. 5 and Eq. 6 should be assessed, as
stated in Schorderet (2001).

St ¼ βþ0 TASI
þ
t þ β�0 TASI

�
t þ βþ1 Oil

þ
t þ β�1 Oil

�
t ð5Þ

St ¼ βþ0 TASI
þ
t þ β�0 TASI

�
t þ βþ1 R

þ
t þ β�1 R

�
t ð6Þ

The asymmetric relationship between the two variables is
confirmed when St is stationary in both equations. On the other
hand, if βþ0 ¼ β�0 and βþ1 ¼ β�1 , the relationship between the two
variables is symmetric. Therefore, the Wald test was applied to
confirm the existence of asymmetric phenomena between the
independent variable and dependent variable. The test assesses

whether βþ ¼ βþ1
β0

and β� ¼ β�1
β0

are equal or not. If they are not

equal, then asymmetric phenomena exist, and if they are equal,
then a symmetric relationship exists between the independent
variable and dependent variable (Shin et al., 2014).

The nonlinear ARDL cointegration form is represented by Eq.7
based on Shin et al. (2014). The driving of this equation is based
on Eq.2, which is OLS estimation.

ΔTASIt ¼ αþ ∑
p

i¼1
βiΔTASIt�i þ ∑

k

i¼0
∂iINt�i

þ ∑
q

i¼0
δiΔOilPost�i þ ∑

m

i¼0
ψiΔOilNegt�i þ ∑

r

i¼0
γiΔRPost�i

þ ∑
d

i¼0
ρiΔRNegt�i þ θ0TASIt�1 þ θ1INt�1

þθ2OilPost�1 þ θ3OilNegt�1 þ θ4RPost�1 þ θ5RNegt�1 þ εt

ð7Þ
In Eq.7, β; ∂; δ; ψ; γ, and ρ are the short-run dynamic

coefficients, whereas θ0 to θ5 represents the long-run coefficients,

as Pesaran et al. (2001) stated. To estimate Eq.7, the lag length
was selected to determine the optimal lag of the model. There are
several lag criterion selection methods, such as the AIC, SC, BIC,
etc. In this study, the AIC was implemented, since the data that
will be estimated are short-span data (Liew, 2004). Thus, p, q, m,
r, and d are determined within the optimal level based on the
AIC. In order to assess the long-run cointegration among the
variables, t-statistic and F-statistic tests were applied based on
Banerjee et al. (1998) and Pesaran et al. (2001), respectively. In
addition, the F-test from Narayan (2005) was applied, since our
dataset was relatively small. Furthermore, all tests were used to
decide whether to accept or reject the null hypothesis via a bound
test. The hypothesis for the existence of long-run cointegration is
the following:

H0 : No cointegration exists:

H1 : Cointegration exists:

The test was applied to the transformation of the above
hypothesis with the F-test in the following form:

H0 : θ0 ¼ θ1 ¼ θ2 ¼ θ3 ¼ θ4 ¼ θ5 ¼ 0

H1 : θ0 ≠ 0; θ1 ≠ 0; θ2 ≠ 0; θ3 ≠ 0; θ4 ≠ 0; θ5 ≠ 0

The procedure of the test involves comparing the F-statistic of
the estimation with the F-statistic in the work of Pesaran et al.
(2001) and Narayan (2005). The rule of rejecting or accepting the
null hypothesis is based on the bound test. If the F-statistic in the
test is greater than I(1) for the calculated critical value in the
table, then H0 is rejected, and the alternative H1 is accepted,
which indicates long-run cointegration among the variables.
However, if the F-statistic in the test is lower than I(0) for the
calculated critical value in the table, then H0 is not rejected, and
there is no long-run cointegration among the variables.
Furthermore, the t-test was applied based on Banerjee et al.
(1998), and the same rule of rejecting or accepting the null
hypothesis was followed. The hypothesis for the t-statistic test
involves the t-statistic of the lag of the TASI, which is θ0 in Eq. 7.
In addition, Giles’ (2013) test was applied as a robustness check to
test the hypothesis and determine whether the lag of the
dependent variable’s coefficient was negative and significant, as
represented by the following:

H0 : θ0 ¼ 0

H1 : θ0 < 0

The short-run dynamics were estimated based on the first part
of Eq. 7, and an error correction term was added to ensure the
convergence of the equation to long-run equilibrium if any
distortion occurred in the short run. Equation 8 represents the
short-run dynamics that are estimated with the optimal lags
generated by the ARDL cointegration method for each variable
(p, q, m, r, dÞ.

ΔTASIt ¼ αþ ∑
p

i¼1
βiΔTASIt�i þ ∑

k

i¼0
∂iINt�i þ ∑

q

i¼0
δiΔOilPost�i

þ ∑
m

i¼0
ψiΔOilNegt�i þ ∑

r

i¼0
γiΔRPost�i

þ ∑
d

i¼0
ρiΔRNegt�i þ φECMt�i þ εt

ð8Þ
The term φECMt�i is the correction term of the equation, and

it should be significant and negative to ensure the convergence
from short-run dynamics to long-run equilibrium. φ is the
coefficient of the error term and represents the speed of the
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adjustment, which should be �1 <φ < 0. On the other hand,
some studies accept values of φ that are lower than −1 and not
lower than -2 (Narayan and Smyth, 2006).

Diagnostic tests for the model. The ARDL cointegration requires
that Eq. 2 should be normally distributed and serially indepen-
dent. Therefore, the LM test was used to ensure that the inde-
pendent variables were not correlated. The Jarque–Bera test was
implemented to test the normality of the model. Furthermore, the
Breusch–Pagan–Godfrey test was used to test for the existence of
heteroscedasticity in the model. In addition, the CUSUM and
CUSUM squares were used to test the stability of the model.

Granger causality. The cointegration econometric method ana-
lyzes the causal relationships among variables through a joint
estimation. The Granger causality test analyzes the direction of
causality between variables as a bivariate set Granger (1969).
However, the Granger model is unlike other cointegration
econometric methods due to the structure of its equations with
the limitation of two variables at any given time. In addition, the
Granger causality test assesses the direction of causality between
two variables in the short-run dynamics. The Granger causality
test is represented by Eq. 9 and Eq. 10.

Yt ¼ α0 þ ∑
m

j¼1
ajYt�j þ ∑

m

j¼1
bjXt�j þ ut ð9Þ

Xt ¼ σ0 þ ∑
m

j¼1
cjXt�j þ ∑

m

j¼1
djYt�j þ μt ð10Þ

The two equations are estimated to determine the existence of a
relationship, as well as the direction of the relationship in the
short-run dynamics. The hypotheses for Eq. 9 are set as follows:

H0 : b1 ¼ b2 ¼ ¼ ¼ bm ¼ 0

H1 : XGranger causes Y
For Eq. 10, the hypotheses are as follows:

H0 : d1 ¼ d2 ¼� � �¼ dm ¼ 0

H1 : YGranger causes X
The test process relies on the acceptance or rejection of the null

hypothesis. If the test fails to reject the null hypothesis, there is no
causation between the dependent variable and the independent
variable. On the other hand, if there is not enough evidence to
accept the null hypothesis, the alternative hypothesis is accepted,
and we can then indicate the causation of the independent
variable with respect to the dependent variable. However, if in
both estimations, we accept the alternative hypothesis, there is
feedback between the two variables. To ensure the reliability of
the test, ut and μt should not be correlated, and they should be
white noise. In addition, E[utus]= 0 and E[μtμs]= 0, with the
conditions that t ≠ j, and m does not exceed the size of the dataset
estimated.

Data
This study included the following variables in the model: the
Tadawul All Share Index (TASI), the Saudi Arabian GDP, the
population size of Saudi Arabia, the Saudi Arabian CPI, oil rent,
and 10-year yields of US government bonds as a proxy for the
interest rate in Saudi Arabia. The data were obtained from dif-
ferent sources. The TASI data were acquired from the Capital
Market Authority’s website via the Open Data Library (2023).
Furthermore, the Saudi Arabian GDP was acquired from the
SAMA Statistical Report (2023). In addition, the population size
of Saudi Arabia and the Saudi Arabian CPI were acquired from
the International Financial Statistics (IFS) database on the website

of the International Monetary Fund (IMF) (2023). The oil rent
was acquired from the World Bank (WB) database (2023).
Finally, the interest rate was acquired from the database of the
Federal Reserve Bank in St. Louis (2023). Estimated data were
generated from the raw data by using the researchers’ calcula-
tions. The real term of the GDP per capita has been calculated by
dividing the nominal GDP by the CPI and dividing the outcome
by population. However, the real interest rate term has been
calculated by subtracting the nominal interest rate from inflation,
which is the growth of CPI. The final data were the TASI, real
GDP per capita, oil rent, and real interest rate. However, the
variables were in log form, except for the interest rate, which was
the percentage rate. In addition, the data covered the period
between 1994 and 2022 to represent the time when most Saudi
citizens started transferring their savings to the stock market after
Gulf War II. However, the data size is small, relatively speaking,
which is an extra reason to apply the ARDL cointegration method
to handle this property of the data.

Descriptive data. The descriptive data showed that the measures
of the central tendencies of the variables were close to each other,
as shown in Table 1. This indicates that the variables were
symmetrically disrupted. However, the standard deviations for
the levels of all variables were relatively small, except for the
interest rate. Furthermore, the skewness was negative for all
variables, which means that the variables’ observations were more
concentrated on the right side of the distribution. However, the
kurtosis was close to the expected value of 3, except for that of the
interest rate, which was 4.8782. This value indicates that the
interest rate data have an asymmetrical distribution, and this can
be addressed with the Jarque–Bera results, which indicate a
nonnormal distribution for the interest rate.

The first difference in the descriptive statistics is shown in
Table 2. The measures of the central tendencies were close to each
other, except for that of the oil variable. The standard deviation
was higher than the mean for all variables. However, the skewness

Table 1 Descriptive statistics for the levels.

TASI IN Oil R

Mean 8.5129 9.6476 3.4928 0.0134
Median 8.8248 9.8497 3.5105 0.0140
Maximum 9.7261 10.377 3.9905 0.0465
Minimum 7.1539 8.8267 2.7712 −0.0559
Std. dv. 0.7468 0.5134 0.3169 0.0222
Skewness −0.5766 −0.4218 −0.2823 −1.1105
Kurtosis 2.0008 1.6027 2.2370 4.8782
Jarque–Bera 2.8138 3.2189 1.0886 10.224
Probability 0.2449 0.1999 0.5802 0.0060
Observations 29 29 29 29

Table 2 Descriptive statistics for the first difference.

DTASI DIN DOil DR

Mean 0.0751 0.0553 0.0085 −0.0028
Median 0.0713 0.0715 0.0371 −0.0031
Maximum 0.7135 0.2330 0.4293 0.0302
Minimum −0.8445 −0.2410 −0.5206 −0.0512
Std. Dev. 0.3342 0.1189 0.2481 0.0162
Skewness −0.8325 −0.7414 −0.3917 −0.6764
Kurtosis 4.7041 2.9918 2.5322 4.4021
Jarque–Bera 6.6224 2.5655 0.9714 4.4294
Probability 0.0364 0.2772 0.6152 0.1091
Observations 28 28 28 28
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was negative, which means that most of the observations were
concentrated on the right side, as with the level characteristics of
the variables. Furthermore, the kurtosis was close to the expected
value of 3, except for the difference in the TASI and interest rate.
On the other hand, the Jarque–Bera results showed a nonnormal
distribution for the TASI; however, the difference in the interest
rate became normally distributed.

The visualization of the data showed an upward trend for the
level of the TASI and income, while there was no trend for the
level of oil. On the other hand, the interest rate showed a
downward trend, as shown in Fig. 1.

Figure 2 shows that the variables in the first difference
fluctuated around the zero line.

Stationarity test. The stationarity test was conducted with two
methods to ensure its reliability, the Augmented Dickey–Fuller
(ADF) and Kwiatkowski–Phillips–Schmidt–Shin (KPSS) methods.
We chose these two methods because their null hypotheses are
opposite to each other. As shown in Table 3, the ADF test showed
that all variables were non-stationary in terms of their levels and
had no trends, while the same result applied when a trend was
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Fig. 1 The variables in their level term.
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Fig. 2 Variables in their first difference.
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imposed, except for the interest rate, which was stationary in this
case. For the KPSS test, all variables were non-stationary in terms of
their level, except for oil, while the results showed that the interest
rate was stationary when a trend was imposed, unlike the rest of the
variables. We can see that the interest rate was stationary in both
tests when a trend was imposed.

In Table 4, we can see that, in their first difference, all variables
were stationary in both tests, and this result applied when a trend
was imposed.

The most important consideration when applying a stationar-
ity test for variables before estimating the ARDL cointegration
model is ensuring that none of the variables are ranked I(2). From
the previous results of the stationarity test, we can surmise that
none of the variables were ranked I(2), and one of the variables is
stationary in its level term. The ARDL cointegration method is
suitable when we are dealing with variables that are in different
integration ranks, like I(0) and I(1) (Nkoro and Uko, 2016).
However, the data on fucus is of a small size, which is an extra
inquiry to proceed toward the ARDL cointegration approach that
has better performance over modified OLS, Pesaran and Shin
(1999). This indicates the strength of using the ARDL cointegra-
tion, since one of the variables was I(0), then the rest that are in
different ranks, as well as the data is a short span time series.
However, we estimate nonlinear ARDL cointegration, which does
not have a requirement for different ranks, but we commit to
ensuring the reliability of the model by following the rules of the
normal ARDL cointegration model.

Results
The model estimation began with the estimation of Eq. 2 with the
decomposition of the positive and negative attributes for oil and
the interest rate. The selection of the lag length for the model
relied on the Akaike information criterion (AIC) method, since
we are dealing with short-span data (Liew, 2004). The AIC sug-
gested that a lag length of two was the optimal lag for the model
based on the test value of -20.54569. Furthermore, as shown in
Table 5, the NARDL cointegration model’s lag was optimally
selected as follows: p ¼ 1; k ¼ 2; q ¼ 1;m ¼ 2; r ¼ 0; andd ¼ 0;
the TASI is the dependent variable, and the rest of the compo-
nents in the equation are the independent variables.

To estimate the long-run NARDL cointegration model, there
is a set of requirements that the estimation of Eq. 2 should
fulfill. The model should pass a normality test and be free of
serial correlations among the independent variables. In addi-
tion, the model should be tested for heteroscedasticity and
should be stable over the period of estimation (Pesaran and
Pesaran, 1997). Table 6 shows the probability of the normality
statistic indicating failure to reject the null hypothesis that the
model was normally distributed. Furthermore, the probability

Table 3 Results of the unit root test for the variables in their
level term.

Variable ADF
HO : Variable has a unit root
Level

KPSS
HO : Variable is stationary
Level

Intercept Intercept and
trend

Intercept Intercept
and trend

TASI −1.742231
(0.4000)

−2.097193
(0.5250)

0.785993 ***
(p < 0.01)

0.18001**
(0.029)

IN −0.845136
(0.7903)

−1.752848
(0.7001)

0.989772***
(p < 0.01)

0.198631**
(0.017)

Oil −2.193966
(0.2127)

−2.279981
(0.4304)

0.253087
(p > 0.10)

0.21297***
(p < 0.01)

R 0.253844
(0.9711)

−3.980749**
(0.0215)

0.889243***
(p < 0.01)

0.0890807
(p > 0.10)

*, **, and *** denote statistical significance at the 10%, 5%, and 1% levels, respectively. p-values
are shown in parentheses.

Table 4 Results of the unit root test for the first difference.

Variable ADF
HO : Variable has a unit root
First difference

KPSS
HO : Variable is stationary
First difference

Intercept Intercept and Trend Intercept Intercept and trend

TASI −6.402694*** (0.0000) −6.399286*** (0.0001) 0.112567
(p > 0.10)

0.0541575
(p > 0.10)

IN −4.478342*** (0.0015) −4.398229*** (0.0088) 0.0964338
(p > 0.10)

0.0786403
(p > 0.10)

Oil −5.815236*** (0.0001) −5.773331*** (0.0004) 0.100167
(p > 0.10)

0.0806405
(p > 0.10)

R −8.950772*** (0.0000) −9.025923*** (0.0000) 0.0830477
(p > 0.10)

0.0593536
(p > 0.10)

*, **, and *** denote statistical significance at the 10%, 5%, and 1% levels, respectively. p-values are shown in parentheses.

Table 5 Estimation of Eq. 2 as the pre-NARDL model.

Variable Coefficient t-statistic p-value

TASI(-1) 0.034404 0.175877 0.8629
IN 4.074930*** 3.312612 0.0051
IN(-1) −4.531566** −2.969319 0.0102
IN(-2) 2.797034** 2.798676 0.0142
OilPos −1.301514* −1.934938 0.0735
OilPos(-1) 1.254245* 2.082590 0.0561
OilNeg −1.717512** −2.378781 0.0321
OilNeg(-1) 2.705219** 2.691493 0.0175
OilNeg(-2) −1.743908** −2.191445 0.0458
RPos −37.93249*** −6.120691 0.0000
RNeg −7.015323 −1.233023 0.2379
C −13.29651** −2.373323 0.0325

*, **, and *** denote statistical significance at the 10%, 5%, and 1% levels, respectively.

Table 6 The diagnostic tests of the model.

Test χ2 p-value

Breusch–Godfrey Serial Correlation LM Test 0.040684 0.7758
Breusch–Pagan–Godfrey Heteroscedasticity Test 10.58703 0.4785
Jarque–Bera Test 0.618859 0.7338
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for χ2 for the serial correlation and heteroscedasticity indicated
failure to reject the null hypothesis in both tests, confirming that
the model was free of serial correlations and did not exhibit
heteroscedasticity.

Figure 3 shows the test of the CUSUM, which fluctuated within
a 5% boundary and did not exceed the higher boundary or lower
boundary.

Figure 4 shows the CUSUMSQ test, which fluctuated within
the 5% boundary without exceeding the upper boundary or lower
boundary. Both tests of stability confirmed that the model did not
exhibit any structural breaks over the estimation period.

NARDL cointegration. The NARDL cointegration model was
ready for estimation after the clarification of the requirements
from Pesaran and Pesaran (1997). Thus, the model could pro-
duce authentic results when determining the existence of rela-
tionships among the estimated variables. The existence or non-

existence of a long-run relationship among the variables was
confirmed based on the bound tests by Pesaran et al. (2001) and
Narayan (2005). The estimation of the joint F-statistic was
10.24160 with k= 5, and the lag distribution for the model is
(1,2,1,2,0,0). The null hypothesis was tested based on the bound
F-test. In our case, the F-statistic of the model was greater than
the I(1) F bound statistic at 1% significance, as shown in Table
7, with respect to the critical values from Pesaran et al. (2001)
and Narayan (2005). Therefore, there was not enough evidence
to accept the null hypothesis, and the alternative hypothesis was
accepted, which stated that there was a long-run relationship
among the variables.

The model was tested to confirm the existence of a long-run
relationship among the variables, and for a cross-check, the
dependent variable’s coefficient was tested to ensure that the
requirements of Giles (2013) are fulfilled. As shown in Table 8,
the coefficient of the dependent variable is negative, which
satisfies the first requirement. Furthermore, the t-statistic of the
dependent variable was tested based on the critical values of the t-
statistic bound from Pesaran et al. (2001) (table CII (iii) case III p.
303) to ensure the significance of the coefficient of the dependent
variable. The critical values of the t bound for 1%, 5%, and 10% at
k= 5 were specified correspondingly with the lower bound I(0),
as well as the upper bound I(1): [-3.43, -4.79], [-2.86, -4.19], and
[-2.57, -3.86]. The t-statistic of the TASI was -4.936224, which
was greater than the critical value of the t bound for I(1) at 1%
significance. Thus, there was not enough evidence to accept the
null hypothesis, and the alternative hypothesis was accepted,
which means that the coefficient of the TASI fulfilled the
requirements of Giles (2013). However, the coefficient of the IN
was positive and significant at 1%, which was consistent with our
expectation in Eq.1 and Table 8. This result was consistent with
the findings of McGowan (2008) and Omar et al. (2022) that
income positively impacts the stock market. However, this result
contradicted Gnahe (2021), who found that income did not
significantly impact the stock market. This difference could be
attributed to the structure of the data; in this study, the GDP was
transformed into the real GDP per capita, which is a suitable
representation of the income, while Gnahe (2021) used the direct
form of GDP. However, the positive shock of oil had an
insignificant impact on the stock market, as the probability of the
coefficient was greater than 5%. This means that the Saudi stock
market did not respond to positive changes in the oil market. On
the other hand, the coefficient of negative oil shocks had a
negative and significant impact on the stock market. Thus, a
decrease in oil would cause an increase in the stock market. This
can be explained by how companies listed on the stock market
rely on inputs related to oil. This result was consistent with
Kelikume and Muritala (2019) and Shabbir et al. (2020) in terms
of the direction of the impact. However, the impact of oil on the
Saudi stock market is asymmetric in the long run, since the
positive shock coefficient is insignificant relative to that of the
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Table 7 Critical values of the bound test from Pesaran et al.
(2001) and Narayan (2005).

Critical
Values

Pesaran Narayan

Lower
bound
I(0)

Upper
bound
I(1)

Lower
Bound
I(0)

Upper
bound
I(1)

1% 3.41 4.68 4.537 6.370
5% 2.62 3.79 3.125 4.608
10% 2.26 3.35 2.578 3.858

Pesaran et al. (2001): table CI(iii), case III, p. 300; Narayan (2005): case III, p. 1988.5.2-Long-
run relationship.

Table 8 Long-run coefficients for the NARDL approach.

Variable Coefficient t-statistic p-value

C −13.29651** −2.373323 0.0325
TASI(-1) −0.965596*** −4.936224 0.0002
IN(-1) 2.340398*** 3.170677 0.0068
OilPos(-1) −0.047269 −0.098072 0.9233
OilNeg(-1) −0.756201** −2.332856 0.0351
RPos(-1) −37.93249*** −6.120691 0.0000
RNeg(-1) −7.015323 −1.233023 0.2379

*, **, and *** denote statistical significance at the 10%, 5%, and 1% levels, respectively.
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negative shock. This result was consistent with Rahmanto et al.
(2016), Alamgir and Amin (2021), and Khamis et al. (2018).
Furthermore, the impact of the positive shock of the interest rate
on the Saudi stock market was negative and statistically
significant. This means that as the interest rate increased, the
Saudi stock market decreased. This result was consistent with
Alam and Uddin (2009), Uddin and Alam (2010), Bissoon et al.
(2016), and Olufisayo (2014). In addition, this result was
consistent with Eq. 1, as the expected sign of the interest rate is
negative. On the other hand, the coefficient of the negative shock
of the interest rate was insignificant, which means that the impact
of the interest rate on the Saudi Arabian stock market was
asymmetric.

Long-run normalizing coefficients. In the previous section, we
discussed the direction of the impact of each independent variable
on the dependent variables. However, in this section, we will
discuss the size of the impact of each independent variable on the
dependent variable. To be able to realize this objective, the long-
run coefficients in Table 8 must be transformed into the size of
the impacts by dividing each independent long-run coefficient by
the dependent lag coefficient. However, prior to this procedure,
we needed to ensure that the dependent lag coefficient was sta-
tistically significant; it fulfilled the requirements of Giles (2013),
allowing the conclusion that the TASI (-1) was statistically sig-
nificant at 1%. Table 9 shows the long-run normalizing coeffi-
cients for the independent variables. Furthermore, a 1% change in
income led to a 2.3% change in the stock market. However, the
positive attribute of oil was insignificant and had a negative sign,
indicating that an increase in oil led to a decrease in the stock
market. On the other hand, the negative attribute of oil was
significant at 5% and had a negative sign, which means that a
decrease in oil led to an increase in the stock market. In addition,
a 1% decrease in oil caused a 0.78% increase in the stock market.
The positive attribute of the interest rate was significant at the 1%
level and had a negative sign, which means that a one-unit
increase in the interest rate led to a 39.01% decrease in the stock
market. However, the negative attribute of the interest rate was
insignificant.

Short-run dynamics. The short-run dynamics showed a sig-
nificant impact of income and oil on the Saudi Arabian stock
market, with their positive and negative attributes. However, the
real interest rate had no impact on the Saudi Arabian stock
market in the short run due to the limitations of the stock
market’s trading tools and the characteristics of the real interest
rate (government bonds with a 10-year span). In its first moment,
income had a positive impact on the stock market in the short
run, which was similar to the long run, as shown in Table 10.
However, in the second moment of the short run, income had a
negative impact on the stock market, reflecting the uncertainty of
the stock market due to investors. In addition, stocks were
overpriced due to the increase in demand, causing the price-to-
earnings ratio to increase in the stock market, which caused

investors to sell their stocks and move to other high-return
investments. Furthermore, the income coefficients of the first and
second moments were significant at 1%. The positive attribute of
oil in the short run had a positive impact, which means that an
increase in oil led to a decrease in the value of the stock market.
This indicates that companies listed on the stock market most
likely depend on oil as an input for their operations, and this
stock market is driven by petrochemical companies. However, the
negative attribute of oil had a positive impact on the stock
market, even though the sign of its coefficient was positive at the
1% level of significance. On the other hand, the second moment
of the negative attribute of oil in the short run had a negative
impact on the stock market, which means that a decrease in oil
caused the Saudi Stock market to decrease as well. This con-
sequence occurs due to the expectation that oil revenue will
decrease as a response. Furthermore, a decrease in oil revenue
leads to a decrease in income, which forces the demand to
decrease and causes a distortion in firms’ profits. In summary, the
Saudi stock market is impacted by oil with different attributes in
the short run due to the complexity of oil as a source of income
and source of energy in the Saudi Arabian economy. However,
the impact of oil was asymmetric in the short run; the Wald test
rejected the null hypothesis, as there was not enough evidence
that the coefficient of the positive attribute of oil was equal to the
coefficient of the negative attribute of oil at 5%. Furthermore, the
short-run dynamics should have a fast speed of adjustment with a
negative sign to ensure the convergence toward the long-run
equilibrium. The coefficient of the ECM was negative and sig-
nificant at 1% with a speed adjustment of 0.9655, which means
that any distortion in the model in the short run would be cor-
rected within almost a year.

Granger causality. Granger causality was used to test the cau-
sation between the variables in the short-run dynamics. This
causality can be one signal in one direction or bidirectional.
Table 11 shows that there was causality between the Saudi
Arabian stock market and income, with a unidirectional signal
being transmitted from the Saudi Arabian stock market toward
income. There was unidirectional causality among the real
interest rate, oil, and income, with the signal coming from the
real interest rate. This provides an important insight into the
short-run dynamics of NARDL results, as it shows that there is
no short-run impact of the real interest rate on the Saudi
Arabian stock market. However, the impact of the real interest
rate on the Saudi Arabian stock market is indirect via income
and oil in the short-run dynamics.

Conclusions
The Saudi Arabian stock market was examined in this study to
analyze the impacts of income, oil, and the interest rate on its
performance. Furthermore, the NARDL method was used to

Table 9 Normalizing coefficients.

Variable Coefficient t-statistic p-value

IN 2.423786*** 4.489583 0.0005
OilPos −0.048954 −0.097942 0.9234
OilNeg −0.783145** −2.463121 0.0273
RPos −39.28403*** −4.836087 0.0003
RNeg −7.265278 −1.089670 0.2943

*, **, and *** denote statistical significance at the 10%, 5%, and 1% level, respectively.

Table 10 Short-run dynamic coefficients for the NARDL
approach.

Variable Coefficient t-statistic p-value

C −13.29651*** −9.004192 0.0000
D(IN) 4.074930*** 4.564522 0.0004
D(IN(-1)) −2.797034*** −3.778641 0.0020
D(OilPos) −1.301514*** −3.341525 0.0048
D(OilNeg) −1.717512*** −3.000878 0.0095
D(OilNeg(-1)) 1.743908*** 3.196417 0.0065
CointEq(-1) −0.965596*** −9.132134 0.0000

*, **, and *** denote statistical significance at the 10%, 5%, and 1% levels, respectively.
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analyze the impacts of the long-run and short-run dynamics. In
addition, the Granger causality test was implemented to examine
the causal relationships among the variables. The results showed
that there is a cointegration relationship among the variables in
the long-run and short-run dynamics. The impact of an increase
in income on the Saudi Arabian stock market is positive and
significant in both the long-run and short-run dynamics. This
result is consistent with the findings of Omar et al. (2022),
McGowan (2008), Yartey (2008), Karacaer and Kapusuzoglu
(2010), Gnahe (2021), and Kaustia et al. (2023). Those studies
have found that income has a positive impact on the stock market
performance, which is similar to this study’s findings. On the
other hand, the second moment of the increase in income in the
short run has a negative impact, which can be attributed to the
uncertainty of the Saudi Arabian stock market and the increase in
the price-to-earnings ratio, which motivates investors to move to
relatively higher-return investments.

The oil rent variable was decomposed into positive and nega-
tive attributes to test the existence of an asymmetrical impact of
oil on the Saudi Arabian stock market. The impact of an increase
in oil in the long run as a positive attribute is insignificant, while
the negative attribute has a significant positive impact. Thus, the
asymmetrical impact is proved by the nature of the results, since
the coefficient of the negative attribute of oil is the only significant
coefficient. This result is consistent with those of Rahmanto et al.
(2016), Alamgir and Amin (2021), and Khamis et al. (2018).
Furthermore, these results show how the performance of com-
panies listed on the stock market responds positively as the oil
decreases, reflecting the impact of the reduction in the raw input
cost. On the other hand, the Wald test showed that there is an
asymmetric impact of the positive and negative attributes of oil
on the Saudi Arabian stock market in the short-run dynamics.
The positive attribute of oil has a negative impact on the Saudi
Arabian stock market in the short-run dynamics. This behavior
reflects the increase in the cost of raw materials associated with oil
used by companies listed on the Saudi Arabian stock market.
Therefore, the performance of these companies is affected nega-
tively. On the other hand, the negative attribute in the first
moment has a positive impact on the Saudi Arabian stock market,
in contrast to the second moment. This result is consistent with
those of Kelikume and Muritala (2019) and Shabbir et al. (2020)
and contradicts those of Samontaray et al. (2014), Tong et al.
(2018), Aljifri (2020), and Abdou et al. (2024). This differentia-
tion in the results was due to the decomposition of the oil variable
into the positive and negative attributes in our study, which was
not part of the previous studies. On the other hand, Amri-Asrami
and Jamkhane (2024) have similar findings to the result of this
study. However, the oil has a symmetric impact in the long run,
unlike our finding, where in the short run, the impact of oil is
asymmetric.

The real interest rate variable was also decomposed into
positive and negative attributes. This decomposition provided an
opportunity to test whether the real interest rate had a

symmetrical or asymmetrical impact on the Saudi Arabian stock
market. The coefficient of the negative attribute of the real
interest rate was insignificant, which proved the existence of an
asymmetrical impact. However, this conclusion was withdrawn
because the coefficient of the positive attribute of the real interest
rate was significant. Furthermore, the impact of the positive
attribute of the real interest rate was negative, which is consistent
with the findings of Alam and Uddin (2009), Uddin and Alam
(2010), Bissoon et al. (2016), and John (2019). On the other hand,
this result contradicts that of Eldomiaty et al.’s (2020) findings,
where the interest rate has a positive impact on the stock market
performance.

The Granger causality test shows that the Saudi Arabian stock
market has a unidirectional causal relationship with income,
directed from Saudi Arabia to income but not vice versa. The
causality test shows that the interest rate has a causal relationship
with income and oil, moving from interest to those two variables.
However, this result is inconsistent with Sadouni et al.’s (2022)
findings. Our result shows no directional or unidirectional causal
relationship between oil and the stock market in Saudi Arabia.

The stock market is an important channel through which
savers invest to generate returns on their investments. The sta-
bility of the stock market attracts more local and foreign investors
to invest. However, the Saudi Arabian stock market has expanded
over time, with an increase in the number of companies and the
sectors into which the industries of those companies are classified,
which may have implications for the authorities when ensuring
market stability. The authorities should take into consideration
that an increase in income will result in increased stock market
performance in the short run and the long run, which is an
advantage of the stock market. However, the second moment in
the short-run dynamics of income has a negative impact; it is
important that the authorities implement fiscal policy to control
the distortions in income that may accrue due to market ineffi-
ciencies. Furthermore, in the short-run dynamics, oil has an
asymmetrical impact, which challenges the authorities to find
regulations to address this issue. The authorities should advise
companies to move toward sustainable resources rather than
relying on oil as the source of their energy. The real interest rate
has an impact on the stock market only in the long run, with its
positive attribute. The impact of the positive attribute of real
interest is negative and has a notable impact. The authorities
should implement a subsidy program for companies to minimize
the impact and motivate continued expansion, which will stabilize
the future return expectations of these companies. In addition,
the authorities could relax the taxation on raw materials to soften
the impact of the real interest rate on companies’ operations.

This study investigated the impacts of different macro-
economic variables on the Saudi Arabian stock market in the
form of whole stock market sectors via a stock market index. A
future expansion of this study will investigate each stock market
sector individually to assess the impacts of these variables on one
sector at a time.

Table 11 Granger causality/block exogeneity Wald tests.

Direction of Causality

Variables TASI IN Oil R

TASI – 3.50905** 2.35330 1.16782 TASI→ IN
IN 0.63133 – 0.33705 1.56098
Oil 0.17507 0.50429 – 1.55588
R 0.40450 4.16360** 3.86156** – R→ IN

R→Oil

*, **, and *** denote statistical significance at the 10%, 5%, and 1% levels, respectively.
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