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Abstract: The aftermath of the COVID-19 pandemic has two striking impacts on the economy of
the Kingdom of Saudi Arabia. First, the economic contraction of business and economic activities.
Second, the effect of oil prices dropping as energy demand decreases in the international market. This
study seeks to underpin the linkage between GDP growth, oil price, foreign direct investment (FDI),
air transport, social globalization and carbon dioxide emission by applying time-series econometrics
techniques of the following: fully modified ordinary least squares, dynamic ordinary least squares
and canonical tests. The results of the Johansen cointegration test and empirical analysis trace a
long-run equilibrium relationship between the highlighted variables. Our study shows that a 1%
increase in FDI attraction increases economic growth by 0.004%; similarly, air transport and oil rent
from KSA increased economic growth by 0.547% and 0.005%, respectively. These outcomes are
indicative of the GDP growth ambition of the KSA economy in order to intensify FDI attraction and
the air transportation sector. However, we also observe that increases in CO2 emission increase GDP
growth. Thus, this suggests that the economic growth in KSA is not green, indicating the need for
green economic growth pursuit targets.

Keywords: sustainable development; clean growth; oil price fluctuation; FDI; COVID-19

1. Introduction

The present study is motivated by the lack of a definitive agreement in the literature
on the nexus between energy consumption and economic growth. Most evident in the
literature support are the varying hypotheses that include energy-induced growth, the
conservative hypothesis, the feedback relationship and the neutrality hypothesis and much
more [1,2]. This study aligns with the United Nations Sustainable Development Goals
(UN-SDGs 7, 8, 11,12 and 13). These goals range from access to clean and responsible
energy consumption, sustainable economic growth and mitigation of climate change issues.
These goals align with the Kingdom of Saudi Arabia’s sustainability targets. Over the last
decade, there have been dwindling prices of energy products at the international market,
especially crude oil prices, with a record time more recently of zero [3–5]. The prevalence
of crude oil in the global energy mix reveals that crude oil is pertinent and the most chased
after energy source worldwide. The Kingdom of Saudi Arabia’s (KSA hereafter) economy
strives on crude oil, with heavy dependence, as a major source of government revenue
as a net exporter and major sharer of the energy mix. This study seeks to examine the
relationship between energy, oil prices, foreign direct investment and air transport in the
context of the present COVID-19 pandemic period as it relates to KSA.

It is well known that most economies have yet to fully recover from the aftermath of the
global financial shock of 2008–2009, as outlined in the study of [6]. Furthermore, the recent
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global COVID-19 pandemic, which originated from Wuhan, China, has its ripple effects and
implications on the global economy, with KSA being no exception [7]. The implication is
evident with the reduction in global oil prices, destruction of energy patterns, suspension of
air and land travel in KSA and the globe in general and reduction in industrial production
activities and its effect on reducing pollutant emission (CO2). These highlighted effects
have consequences on key macroeconomic indicators and the socioeconomic well-being of
citizenry of KSA. This is hinged on the social isolation strategies adopted to combat the
menace of the COVID-19 virus, as prescribed by the World Health Organization.

Several studies in the extant literature have been documented on the nexus of social
isolation in mitigating the adverse effect of carbon emission. Recently, Reference [8]
explored the connection between economic expansion and emission level for the case of
China amidst globalization. The study finding shows the isolation of the Chinese economy
responds less than her economic growth while the country’s political willpower is elastic, as
demonstrated by a government commitment to reduce the devastating effect of COVID-19
pandemic. Similarly, Reference [9] affirms the pivotal role of social isolation in combating
the effect of the COVID-19 pandemic. The study of [9] revealed that COVID-19 improved
China’s air quality in the short term. However, during the period of lifting the restriction
on mobility, the quality of air in the environment dampens as a result of resumption of
industrial production; its energy consumption especially those of fossil-fuel origin and
greenhouse gas (GHG) emissions are likely to increase even more compared to previous
times. Furthermore, the study of [10] alludes to the argument that the COVID-19 outbreak
environmentally reduces pollution on a global scale; however, the study highlighted
COVID-19 outbreak on the renewable energy value chain.

Saudi Arabia, alongside other OPEC countries, has been hit from both the supply
and demand side of crude oil market due to COVID-19. The demand side is currently
experiencing shrinkage, with energy consumption expected to reduce globally, especially
in US, China and India. In 2020, it is expected that China’s oil demand will decline by
1 percent, India’s oil demand will decline by 0.6 percent and the United States of America’s
natural gas demand will decline by more than 2.7 percent from 2019 [11]. On the supply
side, due to the failure of OPEC in reaching an agreement on the output size in response to
the pandemic, it implies that member countries can decide the level of output supplied
once the existing agreement expires. Countries such as Saudi Arabia and UAE have the
capacity to increase production and are currently doing so, while simultaneously coupled
with Saudi Arabia’s decrease in the official selling price (OSP) of its crude oil with the aim
of maintaining market share [12].

The need for global lockdown due to the COVID-19 outbreak also resulted in eco-
nomic and industrial activities being halted, and global CO2 emission in the year 2020
declined by 6.5 percent [13]. Saudi Arabia’s manufacturing production sector has experi-
enced reductions in output across different industries by 32.10 percent in April 2020 [14],
with the 2020 air transport sector revenue loss at US$5.61 billion, risking 217,570 jobs and
US$13.6 billion in contribution to the economy [15]; all these can be associated with the
country lockdown measures to mitigate the spread of the virus. With 2.1 percent global mor-
tality rate, COVID-19 is expected to be significantly lower than previous disease outbreaks
such as SARS and MERS-COV, with a global mortality rate of 10 percent and 35 percent,
respectively [16,17]. However, COVID-19 has more global economic implications since
most countries adopted social isolation to mitigate the spread of the novel virus. Therefore,
it is expected to have a severe effects on trade and economic growth [18] and globalization,
tourism, energy consumption and CO2 emissions.

In 2019, Saudi Arabia experienced a boost in the tourism sector, with the country
opening to entertainment and leisure events such as events relating to international football,
golf, boxing, car racing and tennis held within the Kingdom for the first time. These events
contributed 6.3 percent in the non-oil sector growth in 2019. Since the current lockdown
and airspace ban has persisted in an attempt to mitigate COVID-19 impact, the non-oil
sector dropped by −2.9 percent in the year-to-Q3 compared to the same period in 2019 [19].
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Although the government has put in place various stimulus packages targeted towards
the private sectors, the Saudi Arabia Monetary Agency (SAMA) proposed SAR 50 billion
specifically for SMEs, with measures such as a six months deferral payment program by
injecting up to SAR 30 billion funding into banks and other financial institutions, providing
about SAR 13.2 billion in easy loans for SMEs to avoid disruptions in operation and salary
payment due to the pandemic. Moreover, loan guarantee programs of up to SAR 6 billion
for SMEs to reduce lending cost for beneficiaries in 2020 were put in place, and an excess
of SAR 32 billion financial support for the private sector is available, which includes the
aviation sector. This is expected to put pressure on the already strained government
revenue due to reduced crude oil prices.

To this end, as Saudi Arabia is considered a petrostate, this study is aimed at testing
the impact of the current low crude oil price, foreign direct investment (FDI, hereafter),
air transport and carbon emission on economic growth. Furthermore, it is essential to
examine the impact of the imposed isolation in response to the COVID-19 pandemic on
economic growth, FDI and carbon dioxide emission. We seek to further explore the effect
and consequences of the COVID-19 pandemic on the KSA economy by concentrating on its
effect on the oil glut in recent times and the decline in pollutant emission across the country
during the period of strict isolation from the rest of the world. Reference [20] concluded that
the spread of the COVID-19 virus restricted international travel and activity participation
in many countries, generating social distancing. Thus, social isolation negatively affects
well-being and health status, with pernicious effects on economic systems. Reference [21]
concluded that social isolation induced contraction in demand and the decline in investor
confidence. It is essential to understand the impact of the double shocks experienced within
this country in 2020 to be able to offer policy recommendations and future guides to avert
such shocks. This study intends to provide answers to the following hypotheses highlighted
below, as the answer will help foster economic growth, serve as policy documents for all
key players in the KSA and achieve the KSA environmental sustainability target at large.

Due to differences in institutional, structural frameworks, policies and methodology
applied to the studied countries, there has been conflicting results regarding the relation-
ship between energy consumption and economic growth. The literature can be grouped
into four categories: unidirectional relationship from energy consumption to economic
growth, unidirectional relationship from economic growth to energy consumption, bidirec-
tional relationship and no causality. First, the bidirectional relationship includes the study
of Greece by [22], where using a 1960–1996 dataset and employing a vector error-correction
model estimate confirmed a long-run relationship between energy consumption, economic
growth and price development. A similar study for OECD countries was developed by [23],
who established bidirectional causality between renewable energy consumption and eco-
nomic growth in the short run and in the long run. Another study on OECD countries with
dataset from 1981–2007 by [24] also established a bidirectional causal relationship between
energy consumption and economic growth using dynamic ordinary least square (DOLS) es-
timate, dynamic panel causality and Johansen’s cointegration test. For 80 countries, ref. [25]
examined the relationship between renewable and non-renewable energy consumption
and economic growth by using a multivariate panel framework for the period 1990–2007
and further confirmed a bidirectional relationship between renewable and non-renewable
energy consumption and economic growth. Other examples include [26] for India, for
Nigeria [27], for India [28], for Turkey [29] and for Qatar [30].

Reference [31], using 16 Asian countries, explored energy consumption relative to
economic growth. They found a unidirectional relationship from energy consumption
to economic growth and over the study period, within a multivariate framework, they
established a long-run unidirectional relationship flowing from energy consumption to
economic growth. Other studies include [32] for Pakistan [33], for China [34], for India,
Brazil and Uruguay [35], to mention a few.

The relationship between energy consumption and economic growth in the literature
can be observed through the causality direction. Thus, the study of one-way causality rela-
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tionship from economic growth to energy consumption includes [36–41]. Moreover, studies
on neutrality causality includes [42] for 11 Sub Saharan African countries, for 17 African
countries [43], for Turkey [44], for 11 Middle East and North African countries [45] and for
Greece [46].

Other studies have examined the relationship between globalization, economic growth
and energy consumption, and its impact on environmental viz-a-viz pollutants. Recent
studies such as [47] explored the impact of globalization and economic growth on energy
consumption for BRICS countries from 1970 to 2015 and concluded that a positive shock
economic growth promotes energy consumption while a negative shock inhibits energy
consumption. Reference [48] also examined the impact of globalization, economic factors
and energy consumption on carbon dioxide emissions for Pakistan for 1971–2016 and con-
cluded that economic factors, globalization and energy consumption negatively affected
CO2 emissions. Moreover, Reference [49] for China examined the role of globalization and
energy consumption during economic expansion and its role in environmental sustainabil-
ity for the data period 1971–2015, and their findings supported the growth-induced energy
consumption hypothesis with a positive and significant relationship between economic
growth, ecological footprint and globalization index.

Furthermore, other studies have examined the relationship between economic growth
and foreign direct investment and conflicting results emerge. Some studies suggest that
there is no causal relationship, others argue an inverse relationship and the third group
believe that FDI contributes positively to economic growth. For the first group of studies,
Reference [50] examined the impact of FDI on economic growth and whether countries
with a better financial system can exploit FDI more efficiently by using an empirical study
of cross-country data for the period from 1975 to 1995. Their findings’ posit that the role of
FDI alone is ambiguous in contributing to economic growth although countries with well
improved financial systems benefit more from FDI. Moreover, Reference [51] examined the
impact of FDI on economic growth and the determinants of FDI for Nigeria by using time
series data for the period 1970–2002; the study concluded that although the overall effect of
FDI may be insignificant, the determinants of FDI tend to have a positive and significant
impact on economic growth. Reference [52] also found widely varying results when
considering the impact of industry-specific FDI on the output for India by using Granger
causality tests within a panel cointegration framework. Their findings suggest a mutually
reinforcing relationship in the manufacturing sector but an absent causal relationship in
the primary sector. Similarly, Reference [53] found that FDI has no significant impact
on the economic growth of Kazakhstan and Reference [8], using cross-country data from
91 countries over the period 1975–2005, also concluded that FDI had no impact on economic
growth until financial development exceeded a certain threshold.

For the second group of studies, Reference [9] investigated the relationship between
trade, FDI and economic growth by applying the bounds testing autoregressive distributed
lag (ARDL) approach to cointegration for the period from 1970 to 2008 for Tunisia. The
study revealed that although it is common knowledge to assume that FDI will generate
positive spillovers for the host country, the findings from this study fail to support this
claim. Moreover, Reference [10] studied China and established an inverse relationship
between FDI and economic growth.

The third group of studies includes [54], and this study worked on 45 countries from
1997 to 2004. The study concluded that FDI only has a positive impact on economic growth
in the presence of skilled labour. The study of [55] examined the role of energy consumption,
FDI, trade and economic growth complexity in sustaining economic growth using panel
quantile regression model and data from 32 European countries in the period 1995–2014;
their findings posit that the variables of interest all enhance economic growth. Furthermore,
Reference [56] investigated the effects of air transportation, energy, ICT and FDI on economic
growth in the Industry 4.0 era for the United States for the period 1981–2017, and their
findings concluded that investments in aviation contribute to both directly and indirectly to
the national income.
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With the recent COVID-19 pandemic, it is imperative to investigate its impact on glob-
alization, economic growth, energy consumption and pollutants. For China, Reference [57]
explored the impact of isolation due to the COVID-19 pandemic on the relationship be-
tween economic growth and pollution emission amidst globalization using annual data
for the period 1981–2014. Findings from this study suggest the existence of a long-run
relationship between economic growth and pollutant emissions. Moreover, despite the
isolation of the Chinese economy from the rest of the world due to the pandemic, the
economy still experienced a significant growth trajectory, which does not reflect causality
with pollutant emission. The study of [58] established a reduction in pollutant emissions
for China since the beginning of the COVID-19 pandemic, and this is also observed in most
countries with the lockdown resulting in a reduction in greenhouse gas emissions [59].
However, international cooperative efforts through the Paris Agreement and the Sustain-
able Development Goals (SDGs) are still ongoing, with the threat of irreversible climate
change issues being the central focus of policymakers [60].

Similarly, Rugani and Caro [61] examined the impact of COVID-19 outbreak measures,
such as lockdown, on the carbon footprint in Italy. The study findings posit that the
impact of COVID-19 lockdown measures has resulted in a 20% carbon footprint (CF) when
compared to the mean of previous years, resulting in avoided greenhouse gas emissions
between −5.6 and −10.6 MtCo2e. Furthermore, for the Indian state Kolkata, [62] examined
the before and after COVID-19 pandemic effect on intercity carbon emission levels and
found a significant difference between the two periods with a decrease in carbon emissions
during the pandemic due to the closure of business activities.

For Rio de Janeiro, a city of Brazil, [63] explored the impact of COVID-19 on air quality
by comparing the values of particulate matter (Pm10), carbon monoxide (CO), nitrogen
dioxide (NO2) and ozone (O3) concentrations during the partial lockdown period and
the same period in 2019, as well as the weeks preceding the virus outbreak. The study
revealed that CO level reduced the most, with 30.3–48.5% reduction level. NO2 has also
reduced, while Pm10 levels were only reduced during the initial lockdown week. A similar
result was observed in Saudi Arabia by [64] when they examined the impact of COVID-
19 lockdown on the air quality of an eastern province by comparing the pre-lockdown
period with the nationwide lockdown period during 23 Marchand 20 June 2020. The study
confirmed varying concentration reduction rates of 21–70% for Pm10, 5.8–55% for CO and
8.7–30% for Sulfur dioxide (SO2). Interestingly, O3 showed an increased concentration
rate of 6.3–45%. Furthermore, Reference [65] also examined the impact of COVID-19
lockdown on the air quality in Saudi Arabia using data from the Saudi Arabian General
Authority of Meteorology and Environmental protection (GAMEP) on nine cities within the
Kingdom and found that although there was a decrease in pollutant concentrations during
the lockdown, the concentration for CO, PM10, SO2,No2 and O3 were still above the World
Health Organization (WHO) 24 h and annual average limit levels. The lockdown revealed
the possibility of a significant reduction in atmospheric pollutants through the control of
traffic, industrial activities and environmentally friendly transportation programs.

Similarly, Reference [66] investigated the effect of COVID-19 measures on the global
environment and fertility by using data for the period 1980–2019, and findings from this
study revealed that due to city-wide lockdown, global carbon emissions had decreased
significantly. As much as a relief to the ecosystem was observed during the COVID-19
pandemic due to lower pollutants associated with the period lockdown, this period is also
accompanied by global market uncertainty coupled with job loss, and many economies of
the world have been thrown into recession and possibly economic depression [67].

Furthermore, Reference [68] examined the impact of the COVID-19 pandemic on FDI
for Nepal and observed a net shrink of 3.3% in FDI, which will result in less economic
development as Nepal is a dependent country. Similar submission is expected for the
OECD region. Although FDI is expected to fall by 30% in 2020, even under the most
optimistic scenario given the government’s public health and economic support policy
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measures to overcome the resulting recession due to the COVID-19 pandemic [69], the FDI
for this region only fell by 15 percent in 2020 [70].

To this end and to the best of our knowledge, there is a dearth in the empirical
literature about the impact of the COVID-19 pandemic on globalization using FDI as a
proxy, economic growth, energy consumption, air transport and pollution emission in
Saudi Arabia; this work aims to contribute to the literature in this area.

2. Materials and Methods

This study aligns with the motivation highlighted in Section one and the United
Nations Sustainable Development Goals (UN-SDGs 7, 8, 11,12 and 13). These goals include
access to clean and responsible energy consumption, sustainable economic growth and
mitigation of climate change issues. These issues align with the Saudi government’s
sustainability target. The uniqueness of this study lies on the choice of variables, which
apparently is in line with the UNSDGs’ agenda that is to be achieved by 2030. There is
very little documentation in the extant literature. The present study draws strength from
the tourism-led growth hypothesis and FDI-induced growth hypothesis as key driver
for economic growth while controlling for oil rent revenue accrual, which is in line with
empirical studies [59,71]. This study is conducted in a growth model environment while
accounting for the effect of emission on economic growth for the case of KSA. That is, the
trade-off between income level and emission known in the literature as the environmental
Kuznets curve (EKC) hypothesis. Additionally, the current study employed a variety of
econometrics analyses for soundness of estimation and policy crafting. It is on this premise
that the current study builds the following hypothesis to guide the study motivation. To
achieve the highlighted hypothesis claim and study objective, we rely on both primary
and secondary data for the outlined indicators under consideration. The secondary data
were derived from the World Bank Development Indicator database [72]. We used the
conventional unit root PP test [73]. Subsequently, we further explored the coefficient
and interaction between the intended variables for proper and sound policy direction.
Thus, the following hypotheses were constructed in line with the study objective and with
econometrics model formulation in order to test all highlighted hypotheses in a holistic
manner for KSA.

Hypotheses

Hypotheses 1 (H1). For Saudi Arabia, there is a relationship between CO2 per capita and GDP
per capita.

Hypotheses 2 (H2). There is a relationship between globalization proxied by FDI and
economic growth.

Hypotheses 3 (H3). For Saudi Arabia, there is a relationship between global oil price, CO2 and
economic growth.

Hypotheses 4 (H4). COVID-19 isolation policy that restricts air transport poses adverse effect on
Saudi Arabia’s economic growth.

For testing these hypotheses, a baseline model is proposed in Equation (1), as stated below:

LGDPt = β1LCO2t + β2LATt + β3LFDIt + β4LORt + β5LSGt + εit (1)

where LGDP, LCO2, LFDI, LOR, LATP and LSG represent the gross domestic product,
carbon dioxide emissions, foreign direct investment, oil rent, air transport passengers and
globalization proxied by FDI, respectively. All variables are expressed in logarithms. The
study employs the dataset for the period 1980–2017, and data were obtained from World
Bank data and the International Energy Association [74]. This study employed the fully
modified ordinary least square (FMOLS) econometric analysis.

The FMOLS is used to explore the magnitude of the long-run equilibrium relation-
ship. Additionally, FMOLS technique has the merit of circumventing autoregression and
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endogeneity problems, as well as errors emerging from sample bias issues [75]. Addi-
tionally, our study also considers the isolation of LCO2 (Equation (2)) and the isolation
of LSG (Equation (3)) in order to explore changes in the significance and elasticity of the
proposed variables.

LGDPt = β2LATt + β3LFDIt + β4LORt + β5LSGt + εit (2)

LGDPt = β2LATt + β3LFDIt + β4LORt ++β5LSGt + εit (3)

3. Results

This section presents the preliminary analysis of basic summary statistics and corre-
lation matrix analysis. Table 1 shows the central tendency and dispersion of the outlined
variables (LGDP, LFDI, LCO2, LATP, LOR and LSG). All variables were transformed to
their logarithmic form. LGDP growth shows the highest average over the sampled period.
In terms of symmetry, all variables possessed negative skewness, except for oil rent. As
reported by the Kurtosis, the peaks of the variables reveal that most series show heavy tail
with a numerical value of more than three. Subsequently, the pairwise analysis presents
the one–one relationship among the study variables. We observed a strong positive rela-
tionship between GDP growth and LFDI, LATP and LOR. Thus, this suggests that growth
in KSA is induced by FDI attraction, FDI inflow attraction and the air transport sector.
However, the positive correlation between GDP growth and CO2 emission is suggestive of
KSA’s environmental target. However, the correlation analysis is not sufficient to validate
these relationships among the variables. Given the weakness of the correlation analysis, the
correlation analysis does not represent causation. Thus, this situation necessitates the need
for more econometrics analysis, which the current study proceeds within the next section.

Table 1. Main statistics.

LGDP LCO2 LATP LFDI LOR

Mean 9.133133 2.679799 16.05375 6.750842 3.638021 3.791645
Median 9.089919 2.671525 16.26780 20.30740 3.600872 3.719824
Maximum 10.13632 2.974258 17.43993 24.39845 4.488378 4.264259
Minimum 6.825836 2.048186 13.14920 −22.04032 2.967114 3.452608
Std. Dev. 0.733383 0.204344 1.028407 20.39083 0.327966 0.287258
Skewness −1.261161 −0.670195 −1.469093 −0.590458 0.270556 0.414233
Kurtosis 5.080483 3.376595 4.684088 1.380870 2.788673 1.705056
Jarque–Bera 21.38103 3.876942 22.93819 8.032288 0.674922 4.726474
Probability 0.000023 0.143924 0.000010 0.018022 0.713580 0.094115
Sum 438.3904 128.6304 770.5801 324.0404 174.6250 181.9989
Sum Sq. Dev. 25.27897 1.962546 49.70818 19541.94 5.055412 3.878313

Correlation Matrix

LGDP LCO2 LATP LFDI LOR LSG
LGDP 1.000000 0.802033 0.871789 0.339872 0.152501 0.683813
LCO2 0.802033 1.000000 0.706480 0.228503 0.100953 0.643952
LATP 0.871789 0.706480 1.000000 0.290774 −0.245993 0.756236
LFDI 0.339872 0.228503 0.290774 1.000000 −0.145479 0.340351
LOR 0.152501 0.100953 −0.245993 −0.145479 1.000000 −0.208176
LSG 0.683813 0.643952 0.756236 0.340351 −0.208176 1.000000

This study proceeds with the examination of stationarity properties of the study
variables. Stationarity analysis is necessary in order to avoid spurious regression by
modelling variables integrated of order two. Thus, the current study explores the unit root
properties of variables under review by using the Philips and Perron (PP) unit root test as
outlined in Table 2. The test outcomes confirm that the proposed model parameters are
stationary after the first difference, i.e.,~I (1), thereby indicating their order of integration
to be one, and this enables the study to proceed with long-run regression analysis. From
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empirical results, we can infer that the selected variables can be used to predict long-term
effects. Consequently, the stationarity properties of the selected variables do not posit
whether regulations and policy decisions will be efficient or not.

Table 2. Stationarity analysis: unit root test table (PP).

Parameters Tests Level First Difference

LGDP

With Constant −3.3021 ** −4.5950 *
(0.0204) (0.0005)

With Constant and Trend −3.0524 −4.7560 *
(0.1296) (0.0020)

Without Constant and Trend 1.2316 −4.3692 *
(0.9422) (0.0000)

LCO2

With Constant −3.4177 −8.1029 *
(0.0152) (0.0000)

With Constant and Trend −3.8986 * −7.9553 *
(0.0198) (0.0000)

Without Constant and Trend 0.9812 −7.8022 *
(0.9112) (0.0000)

LAT

With Constant −3.2107 * −3.4279 *
(0.0255) (0.0149)

With Constant and Trend −2.7041 −4.3595 *
(0.2398) (0.0060)

Without Constant and Trend 2.1360 −2.4423 *
(0.9913) (0.0156)

LFDI

With Constant −5.1378 * −32.4792 *
(0.0001) (0.0001)

With Constant and Trend −5.6685 * −31.7245 *
(0.0001) (0.0000)

Without Constant and Trend −4.8669 * −23.6608 *
(0.0000) (0.0000)

LOR

With Constant −2.6265 * −7.1048 *
(0.0949) (0.0000)

With Constant and Trend −2.9408 −7.0426 *
(0.1596) (0.0000)

Without Constant and Trend −0.3391 −7.1705 *
(0.5576) (0.0000)

LSG

With Constant 1.1036 −6.6842 *
(0.9970) (0.0000)

With Constant and Trend −2.3421 −6.9708 *
(0.4040) (0.0000)

Without Constant and Trend 5.9111 −1.3899
(1.0000) (0.1507)

* Significant at the 10%; ** significant at the 5%; and *** significant at the 1%.

In Table 3, we have obtained evidence of a stable, long-term relationship among
selected variables using the Johansen cointegration test (Table 3). The results displayed in
Table 3 allow us to build recommendations that are more than temporary.

Table 4 reveals the connection proposed in Equations (1)–(3) through the FMOLS
econometric cointegration estimation.

Table 4 presents the long-run elasticity relationship between LGDP growth, LFDI,
LCO2 emission, LATP, LOR and LSG for KSA.

The growth model shows that air transport exerts a positive relationship with GDP
growth as a 1% increase in air transportation increases economic growth, as reported
by Table 4. Thus, the econometric results corroborate with the Tourism-Led Growth
Hypothesis (TLGH) in KSA, providing evidence of a direct linkage between international air
transport and economic growth. This finding is similar to the study of [71] for Spain. This
result is instructive for government representatives in KSA in the sense that international
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air transport is a key driver for sustainable economic growth. Reference [77] showed that
COVID-19 affected the international transport sector, resulting in shipping disruptions
and increasing trade costs dramatically. According to the WTO report, transport and
travel costs account for 33% of the trade costs involving cross-border transportation and
other specialized transportation services [78]. This process implies that the relevance
of air transport on GDP would be affected by the increasing cost of travel. Thus, we
induced a contraction in the KSA economy due to ascending travel costs, as a result of the
COVID-19 pandemic.

Table 3. Johansen cointegration test.

Hypothesized Trace 0.05
No. of CE (s) Eigenvalue Statistic Critical Value Prob. **

None * 0.709133 153.1198 95.75366 (0.0000)
At most 1 * 0.611496 96.31496 69.81889 (0.0001)
At most 2 * 0.386552 52.82419 47.85613 (0.0159)
At most 3 * 0.325264 30.34585 29.79707 (0.0432)
At most 4 0.233383 12.24789 15.49471 (0.1454)
At most 5 0.000490 0.022562 3.841466 (0.8805)

Trace test indicates 4 cointegrating eqn(s) at the 0.05 level. * Denotes rejection of the hypothesis at the 0.05 level.
** [76] p-values.

Table 4. Fully modified least squares (FMOLS); estimation results.

Dependent Variable: LGDP
Sample (Adjusted): 1980–2017

Variable EQUATION 1 EQUATION 2 EQUATION 3

LCO2 0.642133 * - 0.988331 *
(2.528931) - (2.740381)
−0.0164 - −0.0097

LATP 0.211397 * 0.323365 * 0.300764 *
(3.648095) (9.563297) (4.903738)
−0.0009 0 0

LOR 0.543425 * 0.527164 * 0.443512 *
(5.005847) (7.775293) (2.831478)

0 0 −0.0077
LFDI 0.005514 * 0.008875 * 0.007508 *

(3.195932) (8.069035) (3.041973)
−0.0031 0 −0.0045

LSG 0.547957 * 0.533099 * -
(2.785838) (4.311338) -
−0.0088 −0.0001 -

R-squared 0.836577 0.784885 0.799044
Adjusted R-squared 0.816768 0.765905 0.781312

SE of regression 0.202023 0.228348 0.220705
Long-run variance 0.039831 0.016653 0.085015

Mean dependent var 9.349342 9.349342 9.349342
S.D. dependent var 0.471955 0.471955 0.471955

Sum squared residuals 1.34684 1.772851 1.656168
Note: * denotes significance at 1%.

Overall, as presented by Figure 1, which highlights the key drivers of economic growth
in KSA, among the key drivers are revenue accrual from oil rent, air transportation, FDI
influx and more. Furthermore, when we consider the social globalization process, the
empirical results confirm the relevance of isolation and how it affects economic growth
directly and indirectly, increasing the effect of carbon emissions inputs on economic growth
when we isolate social globalization. In other words, the econometric results reveal the
relevance of social globalization and the pernicious effect that the pandemic has exerted on
economic growth induced by global lockdown (Table 5) [20].
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Figure 1. Driving forces of economic growth in KSA, based on the empirical approach.

Table 5. Pairwise Granger causality tests.

Null Hypothesis: F-Statistic Prob.

LATP does not Granger Cause LCO2 3.30669 ** (0.0499)
LCO2 does not Granger Cause LATP 3.69643 ** (0.0363)
LFDI does not Granger Cause LCO2 0.35628 (0.7031)
LCO2 does not Granger Cause LFDI 2.73649 *** (0.0805)
LGDP does not Granger Cause LCO2 2.36020 (0.1111)
LCO2 does not Granger Cause LGDP 0.62411 (0.5423)
LSG does not Granger Cause LCO2 4.64631 * (0.0172)
LCO2 does not Granger Cause LSG 0.84379 (0.4397)
LFDI does not Granger Cause LATP 0.05635 (0.9453)
LATP does not Granger Cause LFDI 6.59506 * (0.0041)
LGDP does not Granger Cause LATP 3.06723 ** (0.0609)
LATP does not Granger Cause LGDP 4.40935 ** (0.0206)
LSG does not Granger Cause LATP 2.72093 ** (0.0815)
LATP does not Granger Cause LSG 4.71156 (0.0163)
LGDP does not Granger Cause LFDI 7.71131 (0.0019)
LFDI does not Granger Cause LGDP 0.94107 (0.4011)
LSG does not Granger Cause LFDI 1.41193 (0.2589)
LFDI does not Granger Cause LSG 0.48810 (0.6184)
LSG does not Granger Cause LGDP 14.1377 * (0.00004)
LGDP does not Granger Cause LSG 0.75914 (0.4766)

Furthermore, the FDI-induced growth is validated by our study where FDI attraction
engenders economic growth. As such, there is a need for government officials of KSA
to promote specific action steps for the attraction of FDI from the rest of the world to
her economy, especially into the energy (oil industry) sector of which the county has a
substantial commercial deposit as a net exporter in the international market. The action
of FDI attraction will have a positive spillover effect on economic growth [79]. This
proposition is in line with Saudi Arabia’s Vision 2030 long-term strategy program. The
authority has made available platforms such as investment in energy, service and the sport
sector in order to attract foreign investment both in the real sector and service sectors to
drive KSA’s economic growth trajectory. Similarly, oil rent increases economic growth,
which is no surprise for an oil-exporting economy such as KSA, where the energy (oil) sector
contributes significantly to economic growth. This is in line with the study of [5]. However,
the energy-led growth hypothesis affirmed by this study comes with the implication for
high CO2 emission. Thus, there exists a trade-off between CO2 emission and GDP growth
level. This entails that the KSA economic growth stems from anthropogenic activities,
which might have implications on the environmental sustainability in KSA. This outcome
resonates with the study of [80] for the case of India. However, the current authority of
KSA is on a trajectory for a clean and sustainable economic path by the adoption of clean
and accessible energy sources (SGD-12 and 13). The current study results shed light on
economic growth and its implications on macroeconomic indices such as environment,



Sustainability 2021, 13, 9476 11 of 15

energy, FDI attraction and the service sector, such as international air transport, which
drives KSA. The finding of this study has implications for KSA. This study validates the
pivotal role of the energy sector; in particular, the accrual from oil rent which has driven
a significant share of KSA’s GDP over the years. This aligns with the finding of [81] for
the case of Iran, which is also an oil-sector-driven economy. Furthermore, we also observe
that economic growth contributes to pollution; as such, there is a need to develop green
development and decarbonization of economic growth in KSA. This process has been the
pursuit of the Saudi sustainability target, which coincides with the UN_SDG-7, 8, 11, 12
and 13 that highlights the need for sustainability concerning clean and responsible energy
consumption (SDG-11), sustainable economic growth (SDG-8) and much more climate
change actions (SDG-13).

4. Conclusions

The age-old debate on energy and economic growth is still very much alive in the
extant literature. The growth path discourse is still inconclusive in terms of empirical
results. Based on the annual time series data for Saudi Arabia, a crude-oil-based nation
serves as a base case for explore the nexus between GDP growth, oil rent, FDI inflow and
air transport. In order to operationalize this objective, we explore a variety of econometrics
analyses such as FMOLS and estimation techniques. According to the Johansen multivariate
cointegration test, long-run equilibrium relationship is traced among the highlighted
variables over the investigated period. The finding from this study draws the attention
of relevant stakeholders. This study validates the TLGH as air transport exerts a positive
and significant relationship with GDP growth. Similarly, FDI inflow and oil rent accrual
also induce growth in KSA. These outcomes are desirable and in line with theoretical
expectations and economic intuition. However, our study shows that the highlighted
economic growth is driven by anthropogenic activities, which might have implications
on environmental sustainability in KSA, where CO2 emission is positively correlated
with GDP growth. This draws concerns for environmental specialists and government
officials to disentangle the economic growth path from pollution. This can be achieved
via a commitment to environmental treaties, sustainability action programs and different
strategies in the world such as the Kyoto Protocol nations.

From a policy standpoint, the take-aways from this study are highlighted below.

- First, the positive nexus between GDP growth and emission level is instructive for
sustainability targets as concerted action is required to disentangle economic growth
from emission by development of green growth (SGD-13). This action is achieved by
adherence to innovative and alternative energy (oil) consumption and the diversifica-
tion of the KSA economy from crude-oil dependency to other sectors such as service,
manufacturing and others. That is, from mono-economy to diversified-digital and
dynamic economy.

- Second, the positive significant relationship between FDI and GDP is informative
for more commitment from KSA towards the infrastructure of economic architecture
to attract foreign investment in the economy and favorable policies for ease of con-
ducting business, which is in line with Saudi Arabia’s Vision 2030 long-term strategy
program. Furthermore, there is a need for economic insulation policies against exter-
nalities and shocks, such as COVID-19, that hampers economic indices and jeopardies
economic prosperity. Thus, economies such KSA can achieve this by engaging active
macroeconomic measures such as isolation and restriction to protect infant and fragile
industries against foreign competition. This is more similar to controlled protection
polices with the ultimate aim of building economic growth without compromise of
FDI attraction to the home country.

- Third, we observe that the TLGH as proxied by air transport induced economic growth.
This suggests that the tourism sector is an alternative route from a mono-economy
driven by crude oil to the service sector such as the aviation sector for developing
sustainable economic growth in the country. The TLGH validation suggests that
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global tourism attraction is affected by the global pandemic, which started since 2019.
This implies that the tourism sector and its spillover energy (oil) sector, which run
simultaneously, experienced a huge setback in the last year. These occurrences call
for more pragmatic action steps given that KSA gleaned huge revenue from both
her energy and tourism sector. To circumvent such phenomenon, KSA government
officials can adopt ecotourism structures that align with clean tourism for sustainable
economic growth, which resonates with the sustainability targets of the Kingdom of
Saudi Arabia.

Our empirical results are in line with Ministry of Finance of KSA and that of the
United Nations Economic and Social Commission for Western Asia (UNESCWA) on the
possible decline in economic gain as a result of COVID-19. The UNESCWA cautioned that
the Arab world, due to the COVID-19 pandemic, could experience more than 1.7 million
job loss and decrease in Gross Domestic Product (GDP) in terms of US$42 billion in 2020;
the unemployment rate is expected to decrease to 11.3 percent while GDP will grow by
4.3 percent in 2021 [82,83]. The losses will be due to debility in crude oil price since the
pandemic will limit industrial activities across the globe. The Saudi Arabia share of the
pandemic economic effect will become more evident in businesses that deal directly with
the Asian markets. Companies that deal in export or import of raw materials from other
Asia countries, especially from China, will be affected. Moreover, the tourism sector,
financial institutions, corporations that produce competitive goods and retail enterprises
will be affected due to the lack of supplies caused by the COVID-19. The market price
of petrochemical products will likely further decrease due to previous forecasts of price
decline during the second half of 2020 to the second half of 2021 [82]. Saudi Arabia has
reiterated that it has the economic and financial capability and plasticity in reducing
expenditures or borrowing to face the adverse effect of the pandemic coupled with the
country’s large reserves and investments.

In conclusion, this study has examined the relationship between carbon dioxide emis-
sions, foreign direct investment, oil rent, air transport passengers and social globalization
relative to economic growth in KSA, as well as the impact of isolation policy in response
to COVID-19. Further studies can advance the literature by considering other crude-oil-
dependent nations such as Nigeria and Qatar in terms of key growth determinants in the
context of the global pandemic, among others. Additional other macro-economic indicators
omitted can be incorporated to advance the literature by accounting for asymmetry using
disaggregated data set. A limitation for this study is the access to data, which plagues the
context in which it was conducted.
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