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Over the past decades, Saudi Arabia’s economic development has strongly depended on oil revenues fueled by the rise of oil prices
and the strong global market demands for crude oils. However, the country can no longer depend on oil revenues in the face of the
dynamic global market, and hence, the Saudi government’s Vision 2030 seeks to reduce this dependence and diversify the
economy’s sources of income. Motivated by this, this study aims to investigate the impact of growth factors: fnancial innovation
(FI), nonoil trade openness (TO), nonoil gross capital formation (GCF), and human capital (CH) development on the nonoil
economic growth in Saudi Arabia. Te goal of this investigation is to examine the dynamic symmetrical and nonsymmetrical
impact of these growth factors on nonoil economic growth and policymaking in Saudi Arabia. To achieve this, this study utilizes
the distributed lag symmetric and asymmetric (ARDL and NARD) approaches to assess the short- and long-term symmetric
relationships among these growth variables with nonoil economic growth as well as the stationarity, cointegration, and di-
rectionality among variables with the theory of “ceteris paribus” in the error correction model (ECM), and Granger causality
framework to analyze time-series data from 1980 to 2020.Te fndings of this study revealed that the FI, TO, GCF, and CH have an
impact on the nonoil economic growth in the short and long terms. Additionally, in the long term, the NARDL technique showed
that the positive adjustments of HC, FI, TO, and GCF boost the development, which have very signifcant efects on the nonoil
GDP. Tey also indicate that negative movements have more infuence than positive movements in FI. Meanwhile, mixed
directional causation results were observed in the short-run analyses. Overall, the fndings of this study provide signifcant
insights, empirical recommendations, and implications for policymakers striving to achieve sustainable nonoil trade economic
growth in Saudi Arabia and the region.

1. Introduction

Te factors that infuence growth difer throughout nations
and so do economic performance. Several factors, including
investments in human and industrialization, infation, f-
nancial development, physical capital, and foreign direct
investment, are closely related to growth in all areas [1, 2].
Teories of gross domestic product (GDP) have consistently

emphasized the importance of good human resources,
a functioning fnancial system, and trade openness for long-
term sustainability. Sustainable GDP can be achieved with
an efective fnancial sector and the efcient use of economic
resources through the build-up of human capital [1]. Fi-
nancial development supports growth by boosting marginal
productivity capital and stimulating its accumulation. Fi-
nancial innovation (FI) can help attain savings while
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providing new and enhanced fnancial assistance [1, 3]. With
the development of diverse fnancial services and assets,
innovation allows for fnancial activities to expand and
thereby support strong economic growth and transparency
[4]. Financial innovation is essential for sustaining the
growth sector and achieving fnancial integrity, which
promotes the institutionalization of the fnancial system [5].
Te important elements for sustainable economic growth are
society, fnancial environment, and economic progress, all of
which are positively infuenced by the establishment of f-
nancial institutions [6, 7]. Financial participation involves
efective fnancial transfers and the efcient deployment of
investor capital across borders, which are two examples of
how FI promotes the fnancial sector’s efectiveness. In turn,
such efectiveness promotes fnancial intermediation and
fosters GDP [8].

Financial efciency is a prerequisite for sustainable
growth but remains an insufcient factor. Human capital is
another important factor in the development. Given the
disregarded role of human capital, physical capital alone is
insufcient to explain long-term economic progress [1, 9].
With the advent of development theory in the 1950s and the
creation of the human capital theory [10], human capital
became a crucial component of development.

Human capital development (HC) is the total of the
skills, knowledge, and innovative talents of the country’s
population [11, 12]. Clearly, by gaining knowledge and skills,
individuals become human capital and then play a signif-
cant role in the manufacturing process, particularly in
labour-intensive regions [13]. Te skilled worker who en-
sures the productive application of human potential as HC
in both developed and poor nations when calculating growth
is the key to economic growth apart from production [14].
Policymakers, scholars, and academicians have all noted and
recorded the importance of human capital to the develop-
ment during the past few years [15–17]. Human capital plays
an important role in the economic process as
a manufacturing factor or as a major accelerator for tech-
nological innovation, dissemination, and adoption [1, 15]
due to the negative efects of inefcient human capital on
economic growth, which include both poor resource allo-
cation and reduced long-term investment. HC, which can be
considered as a crucial factor in the growth equation, entails
increasing quality and quantity as well as labour force skill
development. Numerous empirical investigations in various
nations over the last 10 years support the favorable infuence
on economic growth. For instance, such infuence was
discovered in Pakistan [18], countries with low incomes,
India, and specifc Asian countries [19]. As such, progress in
the HC is necessary to increase overall economic pro-
ductivity. Troughout this process, several institutional
innovations have been made with an emphasis on the
transformation of the populace into human capital through
skills and attitude development.

Trade openness is defned as a measure of how open
a country is to trade and, sometimes, to incoming and
outgoing foreign investment [20, 21]. Te measure of trade
openness is determined by comparing a country’s total
exports and imports to its GDP which means the country’s

openness is commonly computed as the ratio of in-
ternational trade volume to GDP [22, 23]. Over the past
three decades, several empirical studies have investigated the
impact of trade openness on GDP globally and have ob-
tained positive fndings. Trade openness promotes new
technology, ideas, and information in addition to buying and
selling products and services [24–27].

Te international economic, commercial, and fnancial
developments that the world is witnessing today have
prompted most countries and governments to liberalize
their foreign trade, open the capital account, and move
towards the market, under the idea that openness or eco-
nomic integration helps increase productivity, transfer
knowledge and technology, and obtain new sources of f-
nancing investment projects local, in addition to many other
privileges [27, 28].

Saudi Arabia’s economy has fourished a great deal in
recent years, establishing that these countries’ remarkable
growth trajectory can be attributed to fnancial innovation,
the development of human capital, nonoil gross capital
formation, and nonoil trade openness, all of which have
signifcant impacts on its economic growth and policy-
making. Te 2030 vision’s main goals are to diversify the
economy and lessen the nation’s reliance on oil, thus
boosting the nonoil GDP share. Te strategic macro-
economic pillars of this program are designed to raise the
private sector’s share of GDP from 40% to 65% [29]. Te
plan also aims to lower unemployment from 12% to 7%
and grow the nonoil GDP’s nonoil export proportion
from 16% to 50% [30]. Over the next few years, thirteen
initiatives were started under the 2030 vision, such as the
“fnancial sector development program” which is a diverse
innovation fnancial development program that encour-
ages saving, fnancing, and investment while supporting
the growth of the national economy and investment, and
the “human capacity development program” to develop
and fourish skilled and talented personnel of the coun-
try’s population [29].

Te analysis of economic growth factors not only
enables creating strategies for sustainable economic
growth but also favors the governments and policymakers
in identifying such factors and their importance in im-
proving economic growth. Despite the importance of
conducting empirical studies to investigate the interaction
between nonoil economic variables in Saudi Arabia, there
has been only limited attention, in literature, with mostly
concentrating on aggregate investment. Also, previous
studies in Saudi Arabia are due to the lack of integration
among these dynamics, and only a few studies with limited
period coverage have been carried out on the basis of the
relationship between Saudi Arabia’s economic growth and
its fnancial development [26, 31–33]. Tus, the Kingdom
of Saudi Arabia remains a fertile environment for
enriching academic literature and statistical research in
the feld of measuring and investigating the announced
programs at Vision 2030 of Saudi Arabia.

Tis study assumes integration among the programs of
the Saudi Arabia’s Vision 2030 where the variables of the
study are identifed as the pillars of the vision; given this
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background, fnancial innovation and trade openness can be
considered key factors in promoting the efective allocation
of capital and vice versa. In addition, fnancial innovation
and trade openness mutually cause each other. Terefore,
the question is whether these development determinants
impact Saudi Arabia’s nonoil economic growth and poli-
cymaking symmetrically.Te primary objective of this paper
is to investigate the dynamic impact of fnancial innovation,
nonoil trade openness, nonoil gross capital formation, and
human capital, on nonoil economic growth in Saudi Arabia.
To achieve this objective, this study utilizes the ARDL ap-
proach which allows for assessing cointegration and the
short- and long-run symmetric relationships among vari-
ables with the theory of “ceteris paribus,” in the (ECM)
model and causality framework.

Te study contributes to the literature by scope and
method. More specifcally, empirical studies have failed or
ofered little evidence individually for investigating the
interaction between nonoil economic growth in Saudi
Arabia and its most important determinants [29, 34].
Additionally, most of the existing empirical studies
measure the human capital index through government
spending on education and health only which is in-
sufcient in capturing the amount of capital input for
improving work skills and comprehensive capability at the
societal general level in the procedure of building the
assessment index of human capital [35, 36]. Tus, to
circumvent these limitations, this study aims to in-
vestigate the dynamic impact of fnancial innovation,
nonoil trade openness, nonoil gross capital formation,
and human capital, on nonoil economic growth in Saudi
Arabia. Tis sectoral analysis is particularly important for
Saudi Arabia because it can provide policymakers, busi-
nesses, and academics with a deeper understanding of
potential growth opportunities. Sector-level growth and
investment trends have important implications for de-
velopment strategies. Understanding diferences by sector
is necessary to choose the most efective policy allocation
in the presence of resource constraints.

Tis paper is organized as follows. Section 2 summarizes
the literature on the connections among fnancial in-
novation, trade openness, increase of human capital, and
economic expansion. Section 3 presents the methodology
and proposed hypotheses research, whereas data analysis
and interpretation are discussed in Section 4. Te conclu-
sions are condensed in Section 5.

2. Review of Theoretical and Empirical Works

2.1. Economic Expansion and Financial Innovation.
Financial innovation includes creating new fnance in-
stitutions and products, new payment methods [37], and
more importantly ways to boost profts, lower transaction
costs, and implement new rules and regulations. Financial
innovation sparks a great deal of interest among academics
and politicians worldwide, as seen by foundational literature
[38]. Following that, fnancial innovation is viewed as the
catalyst for monetary expansion in the real economy and is
crucial to increasing economic activity [39]. Additionally,

a greater number of empirical investigations support the
relationship between fnancial expansion and economic
growth [40]. Over the past 10 years, several empirical studies
have investigated the impact of fnancial innovation on GDP
globally and have obtained positive fndings [4, 41].

According to [42], fnancial innovation is a key strategy
to maximize shareholder value innovatively.Te implication
is that new advanced fnancial services are directly linked to
developing fscal services that are important and run faw-
lessly. Financial innovation is the link between sustainability
and fnancial industry [43], encompassing modifcations to
the products and services provided by fnancial institutions,
such as banks, insurance frms and companies, and pro-
viders, in addition to alterations to internal systems and
procedures, management techniques, and new methods of
communicating with consumers [34, 44]. Financial in-
novation is a crucial component of the economy, particularly
for attempts to bring efciency to the fnancial system and to
accelerate development by lowering transaction costs and
equity investment with diversifed fnancial assets [45, 46].

In turn, fnancial innovation encompasses not only the
creation of new fnancial aids and institutions but also the
evolution of fnancial rules and regulations to ensure ac-
curate reporting and data reliability for overall betterment,
and fnancial innovation leads to varied fnancial system
development that ensures better services [47]. As a result,
fnancial innovation serves as a catalyst for the economy’s
transformation from a static to a dynamic state by ensuring
increased efciency with quickened capital formation and
technological advancement for the expansion of human
capital and sustainable fnancial growth [48]. Consequently,
fnancial innovation is viewed as an engine of economic
progress [49]. Innovation alters the fnancial system, but its
impacts may not always generate the expected results. In-
novation has both good and bad aspects, including a positive
drive for economic growth [50], and is appropriately re-
ferred to as a “double-edged sword.” Right fnancial in-
novation particularly expands service oferings in the
banking industry with new fnancial assets and efcient
payment methods, impacts the use of available capital, and
transforms savings into successful investments—eventually
promoting economic growth [2, 51, 52]. However, fnancial
innovation increases growth volatility for companies, par-
ticularly fnancial ones with investments in multiple areas
while ignoring securitization, to blame for the recent global
fnancial [51]. New fnancial institutions emerge as a result of
companies with innovative business practices, which in-
crease institutional complexity, decrease interdependency,
and increase the risk of becoming insolvent [53]. Innovative
fnancial products also exacerbate the information asym-
metry problem, leading to booms in credit and asset prices
[54]. Financial innovation leads to varied fnancial system
development that ensures better services [55]. As a result,
fnancial innovation serves as a catalyst for the economy’s
transformation from a static to a dynamic state by ensuring
increased efciency with quickened capital formation and
technological advancement for the expansion of human
capital and sustainable fnancial growth [48]. Consequently,
fnancial innovation is viewed as an engine of economic
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progress [49]. One of the purposes of this study is to investigate
the infuence of fnancial innovation on nonoil economic
growth in Saudi Arabia, with emphasis on causality in
a multivariate framework including nonoil gross capital for-
mation, human capital, and nonoil trade openness, for in-
vestigating interaction dynamics among all variables.

2.2. Economic Growth and the Development of Human
Capital. Regardless of the health of the economy, econ-
omists continue to argue that the most important com-
ponent of the growth equation is human capital (see [56])
[57]. With the advent of new development theories, HC
has emerged as a crucial component for encouraging
technical development and adaptation to promote eco-
nomic prosperity [58, 59]. Te knowledge and skills of the
population convert them into labour as a crucial com-
ponent of the industrial process, having a signifcant
impact on manpower productivity [60]. However, skilled
labour also adds vitality to economic operations via in-
creasing productivity [61]. Terefore, a fundamental
component of economic growth is human capital [2, 62].
Increasing the quality of education and capacity building by
putting skilled development into practice programs is necessary
for the growth of human capital [63]. Given that investments in
the growth of humanity reduce societal economic disparity and
ensure better-quality labour [64], they have a positive impact on
the development of physical capital and, as a result, promote
long-term sustainable economic growth.Tus, human capital is
regarded as a key factor in the economic success of emerging
nations [1, 14]. Numerous empirical studies have examined the
link between the growth of human capital and economic ad-
vancement in the last few years [4, 65].

Te comprehensive investment in education ensures the
optimum use of both physical and fnancial resources while
considering multiplier impacts on the overall output level
[66]. By insuring competent labour in productive in-
vestments with a greater return, investments in human
development create benefts over the long term [67]. Ad-
vancement of technology and human capital are the two
main factors that determine the real output function [41].
With technological advancement, the contribution from
human capital can grow several times with the same amount
of work [1, 14]. In addition to spending funds on human
development, extensive research suggests that increasing the
number of students in various educational levels can boost
the nation’s productivity [67]. According to Pahlvani et al.
[68], more investments in education increase individual
production and wages while also having a considerable
positive social rate of return. Hanushek [69] stated that
developing economies may have difculties in attaining
long-term economic performance without an increase in
enrolment rates and improved educational standards.
Terefore, an economy with a higher proportion of com-
petent workers undoubtedly benefts from cooperative ad-
vantages over another economy as the production innovates,
adapts to technology, and disseminates information [70].
Terefore, building up human capital is essential to
achieving sustainable economic growth. However, empirical

studies continue to support divergent viewpoints regarding
the relationship between HC and nonoil-GDP.

One of the purposes of this study is to investigate the
infuence of human capital on nonoil economic growth in
Saudi Arabia, with emphasis on causality in a multivariate
framework including nonoil gross capital formation, f-
nancial innovation, and nonoil trade openness, for in-
vestigating interaction dynamics among all those
variables.

2.3. Economic Expansion with Trade Openness and Gross
Capital Formation. In this age of globalization, trade
openness is a common topic of debate. Trade openness and
gross capital formation are two of the most important factors
contributing to the growth of the economy [71]. All
emerging and developed nations want high economic
growth to enhance lives. Developing nations struggle to
sustain quick economic development [72]. Trade openness is
now regarded as a fundamental factor in economic growth
and policymaking in developing nations. Te measure of
trade openness is determined by comparing a country’s total
exports and imports to its GDP [71]. Tat means the
country’s openness is commonly computed as the ratio of
international trade volume to GDP [73]. Over the past three
decades, several empirical studies have investigated the
impact of trade openness on GDP globally and have ob-
tained positive fndings [27–78]. Trade openness promotes
new technology, ideas, and information in addition to
buying and selling products and services [71]. Aside from the
individual link between export, import, and economic de-
velopment, there are four major contending ideas regarding
trade openness. First, the trade-led growth (TLG) theory
states that international trade openness causes economic
growth [76, 77]. Te second theory is growth-led trade
(GLT), which states that economic growth causes trade
openness [76, 77]. Te third is the feedback hypothesis states
that trade openness and economic development can mu-
tually cause each other [24, 71]. Fourth, the neutrality hy-
pothesis holds that trade openness and economic
development are unrelated. One of the purposes of this study
is to investigate the impact of nonoil trade openness on
nonoil GDP growth in Saudi Arabia, with emphasis on
causality in a multivariate framework including nonoil gross
capital formation, fnancial innovation, and human capital
development, for investigating interaction dynamics among
all those variables.

3. Empirical Methods

To explore the interaction among variables of this study,
there are several steps in the methodology of this study.
Figure 1 illustrates the methodology road map of this study
which frst aimed at investigating the stationary variables
using two-point root tests, specifcally Phillips and Perron
tests and the enhanced Dickey–Fuller test as well as a check
of the lag-length criteria for the variables. Subsequently, this
investigation used bounds testing to determine whether
cointegration was present. Finally, the ARDL and NARL
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methods were used to investigate the dynamic impacts and
interaction of fnancial innovation, nonoil gross capital
formation, nonoil trade openness, human capital, and
nonoil GDP in the long and short terms for the period of
1980 until 2020. Te datasets were obtained from the Saudi
Arabia Statistics Center bank website and the World De-
velopment Indicator Database by the World Bank.

3.1. Symmetric Estimate ARDL Approach. Te ARDL ap-
proach was employed based on 1980–2020 time series data.
Tis novel approach lets users assess cointegration and
short-run and long-run symmetric relationships among
variables, with the theory of “ceteris paribus,” in the ECM
model and causality framework. Over the past 10 years,
various approaches have been used to investigate both long-
and short-term relationships among research variables.
Large empirical studies support the recently created ARDL
model, which was frst put forth by Pesaran et al. (1998) and
then expanded by Pesaran et al. [62] and Narayan’s meth-
odology [78]. Bodel (ARDL) has the following advantages.
First, irrespective of sample size, which can range from 30 to
80 observations and be small, the autoregressive model is
preferable [62]. Second, this strategy performs better when
variables integrate diferently, such as when several variables
are I (0) and others are I (1). Tird, both the cointegration
and the c problem can be solved by modelling ARDL with
the proper lags. Fourth, in simultaneously estimating short-
and long-term cointegrating relations, the ARDLmodel may
ofer unbiased estimates for the study [62]. By considering
empirical studies, we have constructed a linear function for
our research variables as follows:

In nonoilGDP � a0 + β1InHCt + β2ln nonoilFIt

+ β3ln nonoilTOt + β4InnonoilGCFt + εt,

(1)

where nonoil GDP stands for the growth rate of the economy
per person, FI for fnancial innovation, non-oil TO for
nonoil trade openness, HC for human capital, and nonoil
GCF for nonoil gross capital formation.

Tis study’s principal goal is to investigate interaction
dynamics among the nonoil economic growth of Saudi
Arabia and its most important determinants which are f-
nancial innovation, nonoil trade openness, nonoil gross
capital formation, and human capital. By analyzing previous
empirical studies, we are developing nine hypotheses that are
put to the test, as follows:

H1: A,B Financial innovation has a positive infuence on
nonoil-GDP and vice versa
H2: A,B Human capital has a positive infuence on non-
oil-GDP and vice versa
H3: A,B Nonoil trade openness and nonoil gross capital
formation have positive infuences on nonoil GDP and
vice versa
H4: A,B Human capital and fnancial innovation mu-
tually cause each other
H5: A,B Nonoil trade openness and nonoil gross capital
formation mutually cause each other
H6: A,B Nonoil trade openness and fnancial innovation
mutually cause each other
H7: A,B Nonoil gross capital formation and fnancial
innovation mutually cause each other
H8: A,B Nonoil trade openness and human capital
mutually cause each other.
H9: A,B Nonoil gross capital formation and human
capital mutually cause each other.

Equation (1) can be reexpressed in the following form to
be estimated econometrically: (the study’s generalized
ARDL model).

Check long-term
relationships. 

Strict level zero stationary
variables or first difference 
• Unit root for structural breaks
• Regressors cannot be II (2)

Bounds testing Long-term analysis 
Short-term analysis
Stationarity Test 
ECM

Symmetric and
asymmetric technique

(ARDL and NARL) 

Stability test

Figure 1: Study methodology diagram.
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∆In(nonoilGDP)t � C0 + 
n

i�1
θ1∆In(nonoilGDP)t− 1 + 

n

i�0
θ2∆In(HC)t− 1 + 

n

i�0
θ3∆ ln(FI)t− 1

+ 
n

i�0
θ4∆ ln(nonoilTO)t− 1 + 

n

i�0
θ5∆ ln(nonoilGCF)t− 1 + λ0In(nonoilGDP)t− 1

+ λ1In(HC)t + λ2In(FI)t + λ3In(nonoilTO)t + λ.4In.(nonoilGCF).t + εt,

(2)

where “∆” denotes variable diferentiation, “εt” represents an
error term (white noise), “t − 1” stands for the delayed
period, “λ1 to λ4” is abbreviated as long-run coefcients, and
″θ1 to θ4” to calculate coefcients in the short term. To
investigate the long-term and short-term connection among

FI, HC, non-oil-TO, and non-oil GDP, we design a model of
unbounded error correction under ARDL, whereas in the
analysis, all variables are dependent. Te following model
equation is expressed as a matrix:
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×

∆In(nonoilGDP)t− s

∆In(HC)t− s

∆In(FI)t− s

∆In(nonoilTO)t− s

∆In(nonoilGCF)t− s
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+

ε1t

ε2t

ε3t

ε4t

ε5t
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(3)

Te initial diference operator is ∆; ∆1 to ∆5 symbolizes
constant terms; θ11 to θ55 symbolizes long- and short-run
coefcients. F tests can be used to perform the bound test,
which examines the long-run connection between variables.
In equation (3), the null hypothesis that there is no coun-
teraction between the variables is as follows:

H0: θ1 � θ2 � θ3 � θ4 � θ5 � 0
H1: θ1 ≠ θ2 ≠ θ3 ≠ θ4 ≠ θ5 ≠ 0

Te alternative hypothesis is that there is cointegration
among the variables, contrary to the null hypothesis. Te
following technique was suggested by Pesaran et al. [62] for

the decision-making criteria about H0 or H1; If the critical
value’s lower bound is exceeded by Fs, conforming variables
are not cointegrated. Te determination of the variables’
cointegration may not be made conclusively if Fs≥ lower
and≤ upper bound of the crucial value are not known.

After calculating long-term and short-term associa-
tions among variables, we extended the study to use
error correction (ECM) and Granger causality test to
examine directional causality among variables. Tus, the
vector error correction model in equation (4) can be used
to analyze directional causation among variables as
follows:
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∆In(nonoilGDP)t

∆In(HC)t

∆In(FI)t

∆In(nonoilTO)t

∆In(nonoilGCF)t
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+

∆In(nonoilGDP)t− 1

∆In(HC)t− 1

∆In(FI)t− 1

∆In(nonoilTO)t− 1

∆In(nonoilGCF)t− 1
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θ11 θ12 θ13 θ14 θ15 θ16
θ21 θ22 θ23 θ24 θ25 θ26
θ31 θ32 θ33 θ34 θ35 θ36
θ41 θ42 θ43 θ44 θ45 θ46
θ51 θ52 θ53 θ54 θ55
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θ11m θ12m θ13m θ14m θ15m θ16m
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θ51m θ52m θ53m θ54m θ55m
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c2

c3

c4

c5

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦

ECTt− 1 +

ε1t
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(4)

Te initial diference operator is ∆; ∆1 to ∆5 symbolizes
constant terms; θ11 to θ55 symbolizes long- and short-run
coefcients. F tests can be used to perform the bound test,
which examines the long-run connection between variables.
In equation (4), the null hypothesis states no counteraction
among the variables.

3.2. An Asymmetric Estimate Nonlinear (NARDL). Te
cointegration test estimates long-run correlation using the
symmetric assumption that the explanatory variable linearly

afects the dependent variable. Variables can move positively
or negatively. Te recently established nonlinear ARDL
technique by [79] Shin et al. (2014) was used to study the
asymmetric connection between variables using positive and
negative changes in an independent variable. Following [80]
Verheyen et al. [80, 81] Bahmani-Oskooee and Moham-
madian [81], with additional positive and negative modif-
cations, we can recast equations (2) and (3) to nonlinear
ARDL as follows:

∆In(nonoilGDP)t � C0 + 
n

i�1
θ1∆In(nonoilGDP)t− 1 + 

n

i�0
θ+
2∆InPOS(HC)t− 1 + 

n

i�0
θ−
2∆InNEG(HC)t− 1

+ 
n

i�0
θ+
3∆lnPOS(FI)t− 1 + 

n

i�0
θ−
3∆lnNEG(FI)t− 1 + 

n

i�0
θ+
4∆lnPOS(nonoilTO)t− 1 + 

n

i�0
θ−
4∆lnNEG(nonoilTO)t− 1

+ 
n

i�0
θ+
5∆lnPOS(nonoilGCF)t− 1 + 

n

i�0
θ−
5∆lnNEG(nonoilGCF)t− 1 + λ0In(nonoilGDP)t− 1

+ λ+
1 InPOS(HC)t− 1 + λ−

1 InNEG(HC)t− 1 + λ+
2 InPOS(FI)t− 1 + λ−

2 InNEG(FI)t + λ+
3 InPOS.(nonoilTO)t− 1

+ λ−
3 InNEG.(nonoilTO)t− 1 + λ+

4 InPOS(nonoilGCF)t− 1 + λ−
4 InNEG(nonoilGCF)t− 1 + εt.

(5)

In equation (5), θ1 to θ5 represent short-run elasticities,
while λ0 to λ4 represent long-run elasticities. We used Wald
to measure long-term and short-term asymmetries. Nonoil
economic growth, fnancial innovation, trade openness, and
gross capital formation are represented by Nonoil-GDPt,
HCt, IF, nonoil-TOt, and nonoil-GCFt. Akaike information
calculated optimum lag, n. Shin et al. (2014) suggest com-
paring the F-statistic (Wald test) and the critical value to
demonstrate long-run cointegration using the limit test
method, as presented by Pesaran et al. [62]. Te null hy-
pothesis λ0 � λ1+ � λ1− � 0.

4. Empirical Results Analysis

4.1. Unit Root Test Outcomes. To avoid the erroneous in the
regressions and fndings, time series analysis begins with the
unit root test to determine the integration order. We frst

establish the order of the variables’ integration by using the
unit root under the ADF, P-P, KPSS (Kwiatkowski–
Phillips–Schmidt–Shin) test statistic, and Zivot–Andrews
test (ZA) to control structural breaks. All of the variables
(nonoil GDP, FI, HC, and nonoil TO) are incorporated after
the frst diference I (1) but none are integrated at the second
diference (II), according to the study’s fndings (Tables 1
and 2). Tese features of the study variables re-necessitates
that we utilize the recently developed cointegration ap-
proach described, also known as ARDL bound testing,
published by Pesaran et al. [62], where this article uses ARDL
and its extensions.

4.2. Bound Testing ARDL Results Cointegration. ARDL
bound testing method was used to investigate the long-run
relationships. Under the symmetric assumption with notes
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when estimating F-statistics, each variable in equation (3) acts as
the dependent variable as shown in Table 3. When nonoil
economic growth (nonoil-GDP) is the dependent variable, F-
statistics=28.25, above the 1% signifcance level where the
current study allows both intercept and trend breaks by test
Zivot and Andrew’s unit root with lag selection via AIC.
According to the empirical literature, the structural breaks
impact the results of variables where the time series studies may
show structural changes induced by economic or political crises.
Structural changes in the series make unit root tests have bias,
and thus, we used Zivot and Andrew’s unit root tests and then
found internal structural breakdowns as shown in Table 2. Te
study fnds that in all outcomes, the F-statistic exceeds the value
of the upper bound (5.06)when the other variables in Equation 3
are considered as the dependent variables. Te exception is the
comparable value HCD, which is lower than the crucial upper
bound value, inferring the presence of co-integration between
economic development and its determinants rather than the null
hypothesis of no counteraction. Tus, clearly, trade openness,
gross capital formation, domestic private sector credit, and f-
nancial innovation are all related to Saudi Arabia’s GDP.

4.3. Estimating Short-Run and Long-Run Coefcients.
When nonoil economic growth (nonoil GDP) is the de-
pendent variable, we found long-run cointegration by using
equation (4) to estimate long- and short-run elasticities.
Table 4 displays estimates. All explanatory factors were sta-
tistically signifcant and positively afected nonoil economic
growth in the long term as shown in Table 4, which is
supported by previous literature. Te model’s one phase of
shock is represented by the error correction term (ECT),
which measures how quickly the long-term equilibrium is
reached. According to Pahlavani et al. [68], a stable model
error correction term should have the two crucial charac-
teristics of being statistically signifcant and having a negative
sign. Table 4 makes clear that the stated model’s error cor-
rection term (ECT (− 1)) is negative and statistically signifcant
at the 1% level, for nonoil DGP, with speeds of 37%, and it

implies that the long-run equilibrium must account for any
past period shocks in the model.Te outcomes from the long-
run investigation elucidate that HC, FI TO, and GCF have
coefcients of 0.190, 0.246, 0.174, and 0.318 with statistical
values “p≤ 0.05” where probability values are 0.0002, 0.0346,
0.0002, and 0.0008, respectively, showing a positive impact on
nonoil-economic growth of Saudi Arabia. In principle, a 1%
improvement in human capital, fnancial innovation nonoil
trade openness, and gross capital formation rate will produce
a correspondence in the nonoil GDP, in the long run by
0.19%, 0.24%, 0.17%, and 0.31%, respectively. Correspond-
ingly, the short-run investigation outcomes demonstrate that
all variables can cause nonoil GDP with a positive impact
apart from the FI has a negative impact on nonoil GDP, but
not signifcant; the coefcient is − 0.036, p � 0.427. Our
fndings support most studies that found a considerably fa-
vorable efect of fnancial innovation on nonoil economic
growth in Saudi Arabia [31, 82, 83].Tus, fnancial innovation
promotes nonoil economic development in the long run by
hastening the accumulation of capital, facilitating fnancial
intermediation, and improving payment methods. Moreover,
our fndings also support most empirical research that found
a considerably favorable efect of nonoil trade openness on
nonoil [4, 30]. Tus, nonoil trade openness promotes nonoil
economic development by importing new technology, ideas,
and information in addition to buying and selling products
and services. Considering other nations, our fndings are
similar to those of most past research such as references
84, 85.

Several diagnostic tests were used to validate our model
as shown in Table 3. Te results show the JB statistic for the
normality test, heteroscedasticity error, and serial correla-
tion. Tese fndings showed that the “p≤ 0.05” which in-
dicates that the datasets are not autocorrelated; furthermore,
the model underestimates are shown by the stable and within
the 95% confdence interval as CUSUM and CUSUM-SQ
graphs as shown in Figures 2 and 3. In conclusion, the model
is suitable for approving policies and making objective

Table 2: Andrews structural break test.

Level Zivot–Andrews Break year First diference Zivot–Andrews Break year
In (nonoilGDP) − 2.757∗∗ 1992 ∆ In(nonoilGDP) − 3.617∗∗ 1986 I (0)
In (HC) − 3.616 2002 ∆ In(HC) − 4.885∗∗ 1994 I (1)
In (FI) − 3.048∗ 1997 ∆ In(FI) − 5.345∗∗∗ 2016 I (1)
In (nonoilTO) − 8.056∗∗∗ 2005 ∆ In(nonoilTO) − 7.719∗∗∗ 1989 I (0)
In (nonoilGCF) − 5.256∗∗∗ 2004 ∆ In(nonoilGCF) − 2.810∗∗∗ 2013 I (0)

Table 1: Unit root test.

Level Augmented
Dickey–Fuller Phillips–Perron KPSS First

diference
Augmented
Dickey–Fuller Phillips–Perron KPSS

In (nonoilGDP) − 2.988 − 1.439 0.183 ∆ In (nonoilGDP) − 2.842∗∗ − 3.213∗ 0.105∗∗∗ I (1)
In (HC) − 0.0153 0.267 0.192 ∆ In (HC) − 4.418∗∗∗ − 3.937∗∗∗ 0.1275∗∗∗ I (1)
In (FI) − 2.2989 − 1.336 0.178 ∆ In (FI) − 4.192∗∗ − 4.192∗∗∗ 0.115∗∗∗ I (1)
In (nonoilTO) − 3.4304∗ − 3.421∗ 0.075∗∗ ∆ In (nonoilTO) — — — I (0)
In (nonoilGCF) − 2.6244 − 1.738 0.134∗∗ ∆ In (nonoilGCF) — — — I (0)
Note. Nonoil-GDP: sector, HC: development of human capital, FI: fnancial innovation, nonoil-TO: nonoil trade openness, and non-oil-GCF: gross capital
formation, used with an intercept and trend. ∗∗∗, ∗∗, and ∗ 1%, 5%, and 10% signifcance.
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decisions. Using the Granger approach, we also examine if
the variables are causally related. Finally, the modifed R2

showed that the model could explain variation by 97% of the
variation in Saudi Arabia’s nonoil GDP.

4.4. An Asymmetric Estimate NARDL. Table 4 illustrates the
nonlinear ARDL estimates using equation (5) which indicates
that the nonoil TO, FI, GCF, and HC explained up to 99% of
nonoil economic growth development in Saudi Arabia and that
the error correction term of ECM explained the remainder
variation. Meanwhile, the correlation X2

Autocrrelation showed
autocorrelation, the model distribution was normal X2

Normality,

and no heteroscedasticity issues were observed in the model
X2

Heteroskedasticity It was also proven by the Ramsey RESET test
that the model’s functional form was established and the Fpss
coefcient showed long-term cointegration F-statistics that was
attained from the Wald test. Tis fnding is consistent with
earlier ARDL tests (see Table 3) where the F-statistic for each
model was greater than the upper bound of the critical value at
the 1% level of signifcance according to Pesaran et al. [62].Tis
means that there is a long-term cointegration among FI,
nonoil-TO, nonoil-GCF, and nonoil-GDP development from
1980 to 2020 in Saudi Arabia. Next, we investigated the ex-
istence of a symmetric relationship between nonoil economic

Table 3: Testing for ARDL bound.

Models F-statistic Decision
Fin (nonoilGDP)� (In
(nonoilGDP)/In (HC), In (FI), In
(nonoilTO), In (nonoilGCF))

28.25 Cointegration

Fin (HC)� (In (HC)/In
(nonoilGDP), In (FI), In
(nonoilTO), In (nonoilGCF))

2.35 No cointegration

Fin (FI)� (In (FI)/In
(nonoilGDP), In (HC), In
(nonoilTO), In (nonoilGCF))

9.15 Cointegration

Fin (nonoilTO)� (In (nonoilTO)/
In (nonoilGDP), In (HC), In (FI),
In (nonoilGCF))

10.63 Cointegration

Fin (nonoilGCF)� (In
(nonoilGCF)/In (nonoilGDP), In
(HC), In (FI), In (nonoilTO))

6.16 Cointegration

1%  % 10%
K � 4 I, (0) I, (1) I, (0) I, (1) I, (0) I, (1)
Value critical 3.74 5.06 2.86 4.01 2.45 3.52

Table 4: Te ARDL short-run and long-run coefcients on nonoil GDP from 1980 to 2020.

Variables Coefcient Standard error t-statistic p

Long-run coefcients on nonoil GDP ARDL AIC (2, 2, 1, 2, 2)
In (HC) 0.1903∗∗ 0.0297 2.883 0.0002
In (FI) 0.2458∗∗ 0.0800 6.533 0.0034
In (nonoilTO) 0.17444∗∗ 0.0388 2.835 0.0002
In (nonoilGCF) 0.318∗∗ 0.0773 2.369 0.0008
Short-run coefcients on nonoil GDP ARDL
C 0.47006∗∗ 0.034775 13.51732 0.0000
@TREND 0.002742∗∗ 0.000225 12.16931 0.0000
∆ In (nonoillGDP(1-)) 0.72166∗∗ 0.042910 16.81813 0.0000
∆ In (HC) − 0.04355∗ 0.020648 − 2.109191 0.0510
∆ In (HC(-1)) 0.028268 0.018864 1.498567 0.1535
∆ In (FI) − 0.036769 0.045184 − 0.813760 0.4277
∆ In (nonoillTO) 0.037875∗∗ 0.006578 5.758128 0.0000
∆ In (nonoillTO(1-)) − 0.027295∗∗ 0.005060 − 5.394567 0.0001
∆ In (nonoillGCF) 0.159759∗∗ 0.015536 10.28304 0.0000
∆ In (nonoillGCF(-1)) − 0.084919∗∗ 0.019440 − 4.368155 0.0005
ECT(-1)∗ 0.298952∗∗ 0.022498 − 13.28776 0.0000
Residual diagnostic
R2

Squared 0.987676 X2
Normality 0.986 0.6106

R2
Squared ed 0.976585 X2

Heteroskedasticity 20.94 0.5242
Fstatistic 89.048(0.000) CUSUM and CUSUM: SQ Stables
X2

Autocrrelation No autocorrelation 0.467 0.4941
Note. ∗ and ∗∗ 1% and 5% signifcance.
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growth, and it is determinants which are HC, IF, nonoil-TO,
and nonoil-GCF, by applying theWald test, and the results are
shown in Table 5. Te results indicated that, in the long term,
the null hypothesis of a symmetric relationship was rejected at
1% signifcance for the HC, TO, and GCF where the Wald
statistics are 23.98, 29.46, and 4.625 with statistical values
“p≤ 0.05,” respectively. While the null hypothesis is accepted
according to theWald test for FI, the probability value is greater
than 0.05, showing that FI afects nonoil GDP asymmetrically
and exclusively the negative changes. Tus, in the long run,
a 1% reduction in FI leads to a reduction in the nonoil GDP by
1.5%. Meanwhile, in the short run, the null hypothesis of
a symmetric relationship was rejected at 1% signifcance for the
HC, FI, TO, and GCF where theWald statistics are 33.13, 4.76,
27.60, and 24.49 with statistical values “p≤ 0.05,” respectively.
Tis fnding supports the theory that fnancial innovation
explains long-term causality with GDP. Meanwhile, fnancial
innovation, development of human capital, formation of gross
capital, and trade openness can lead to economic growth over
time. Tese results are consistent with the results of previous
studies [33, 82, 86]. In addition, the results shown in Table 5
Panel: D showed that in NARDL models by Wald test, the
long-run and short-run null hypotheses are accepted according
to the Wald test for FI. Meanwhile, the null hypothesis of
a symmetric relationship was rejected at 1% signifcance for the
HC, TO, and GCF.Tis indicates that variables have a positive

impact on nonoil economic growth. Our fndings supportmost
studies that found a considerably favorable efect of fnancial
innovation on nonoil economic growth in Saudi Arabia
[31, 82, 83, 87]. Tus, fnancial innovation promotes nonoil
economic development by hastening the accumulation of
capital, facilitating fnancial intermediation, and improving
payment methods. Moreover, the fndings of this paper are
similar to most empirical studies that found that the non-oil
trade has a signifcant efect on the economic growth and GDP
[87, 88]. Tus, nonoil trade openness promotes nonoil eco-
nomic development by importing new technology, ideas, and
information in addition to buying and selling products and
services.

4.5. Granger Causality Test. ARDL and NARDL provided
proof that cointegration existed in the long run. Tis
implies that there is at least one directional causality either
in the short run, long run, or both in the model. Using an
error correction model (ECM), the Granger causality test
was performed to determine the direction of causality
between the set of variables. For long-term causation, the
ECT (− 1) must be statistically signifcant and negative. We
considered equation (4) for the stated model to represent
both long- and short-term causations. At 1% and 5% levels
of signifcance, some of the ECTs (1) were statistically
signifcant and negative. Te results of the causality test are
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Figure 2: CUSUM plot illustrating the 5% signifcance among variables.
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Figure 3: CUSUM-SQ plot illustrating the 5% signifcance among variables.
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shown in Table 6. Te results demonstrated the model
contained long-term causation.

Similar to long-run causality, diferent directional causa-
tions between the variables were observed in the short run.Tis
study found a bidirectional causal between fnancial innovation
and nonoil economic growth, FI⟵⟶nonoil-GDP, non-
oil-GCF⟵⟶nonoil-GDP, and nonoil-GCF⟵⟶HC.
However, the study also revealed unidirectional causality from

nonoil-GDP⟶CH, nonoil-TO⟶nonoilGDP, FI⟶HC,
FI⟶nonoilTO, and nonoil-GCF⟶nonoil-TO.

5. Conclusion and Recommendations for Policy

Tis paper investigated the dynamic interactions among
nonoil Saudi Arabia’s economic growth and its most im-
portant determinants which are fnancial innovation, nonoil

Table 5: Nonlinear NARDL estimation results.

Variable Coefcient Std. error t-statistic p

A: long-run estimation
C 7.338708 0.553519 13.25828 0.0000
@TREND − 0.008086 0.002189 − 3.693431 0.0035
In (nonoillGDP(− 1)) − 0.594450 0.045878 − 12.95706 0.0000
In (HC+(− 1)) 0.023919 0.029242 0.817991 0.4307
In (HC_(− 1)) 0.167835 0.024310 6.903924 0.0000
In (FI+(− 1)) 0.180338 0.082622 2.182700 0.0516
In (FI_) − 0.940096 0.421485 − 2.230439 0.0475
In (nonoilTO+) 0.327963 0.041791 7.847701 0.0000
In (nonoilTO_) 0.002137 0.009017 0.236977 0.8170
In (nonoilGCF+) − 0.017823 0.026869 − 0.663350 0.5208
In (nonoilGCF_) − 0.149135 0.076773 − 1.942549 0.0781
B: short-run estimation
∆ In (nonoillGDP(− 1)) 0.574814 0.059128 9.721477 0.0000
∆ In (HC+) − 0.042590 0.022024 − 1.933762 0.0793
∆ In (HC+(− 1)) 0.058850 0.026609 2.211652 0.0491
∆ In (HC_) 0.294558 0.034691 8.490910 0.0000
∆ In (FI+) − 0.162383 0.061585 − 2.636752 0.0231
∆ In (nonoilTO+) 0.197670 0.025025 7.898882 0.0000
∆ In (nonoilTO+(− 1)) − 0.090331 0.025703 − 3.514461 0.0048
∆ In (nonoilTO_) 0.021372 0.007228 2.957065 0.0130
∆ In (nonoilGCF+) 0.018759 0.030991 0.605293 0.5573
∆ In (nonoilGCF+(− 1)) − 0.112308 0.020920 − 5.368490 0.0002
∆ In (nonoilGCF_) 0.127492 0.031418 4.057914 0.0019
ECT (− 1)∗ − 0.594450 0.037399 − 15.89492 0.0000
C: residual diagnostic test
R2

Squared 0.989172 X2
Normality 12 0.776

R2
A-Squared 0.963579 X2

Heteroskedasticity 15.77 0.941
FStatistic 38.64(0.00)∗∗

D: symmetric estimate
Variables WLR WSR L+

Xi L−
Xi

In (HC) 23.98 (0.000) 33.13 (0.000) 0.0402 (0.035) 0.2823 (0.000)
In (FI) 3.607 (0.057) 6.95 (0.008) 0.3033 (0.0056) − 1.5814 (0.001)
In (nonoilTO) 29.46 (0.000) 27.60 (0.000) 0.5517 (0.001) 0.0035 (0.492)
In (nonoilGCF) 4.626 (0.0315) 24.49 (0.0001) − 0.0299 (0.312) − 0.2508 (0.019)
Note. “+” and “− ” signs show changes that are positive and negative, respectively.WLR stands for theWald test of long-term symmetry.WSR is theWald test of
additive short-run symmetry. L+

Xi and L−
Xi are long-term coefcients of variables positive and negative changes. ∗ and ∗∗ the signifcance of the values at 1% and

5%, respectively. Te estimated using unrestricted constant and trend.

Table 6: Te causality test using ECM and Granger.

Short run Long run
Variables ∆ In (nonoilGDP)t− 1 ∆ In (HC)t− 1 ∆ In (FI)t− 1 ∆ In (nonoilTO)t− 1 ∆ In (nonoilGCF)t ECT − 1
∆ In (nonoilGDP)t 3.16∗ 2.665∗ 2.146 4.197∗
∆ In (HC)t 1.763 1.579 1.92 3.07∗ 0.391∗
∆ In (FI)t 13.84∗∗ 2.636∗ 2.786∗ 2.079 − 0.906∗
∆ In (nonoilTO)t 0.101∗ 0.650 0.3447 0.096 − 0.444∗∗
∆ In (nonoilGCF)t 4.197∗ 2.524∗ 0.843 5.079∗ − 0.091∗
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trade openness, nonoil gross capital formation, and human
capital in the context of long and short term from 1980 to
2020. Tis study focused on vital Saudi Arabia 2030 vision
including the fnancial sector development program and
human capacity development programs.Tese programs are
vital in the 2030 vision of Saudi Arabia and thus worthy of
comprehensive investigation. Tis study used the ARDL and
NARDL methods to conduct comprehensive investigations
on the impact of economic growth variables, namely, the FI,
TO, GCF, and HCL with nonoil trade economic growth in
Saudi Arabia. Bound testing confrms all of the investigated
variables that have cointegration, except for human capital. In
addition, the fndings suggest that the infuence of all variables
is positive with a statistical signifcance, in the long run. In
principle, a 1% improvement in human capital, fnancial in-
novation nonoil trade openness, and GCF rate will produce
some correspondence in the nonoil GDP in the long run by
0.19%, 0.24%,(0.17%, and 0.31%, respectively. Terefore, hu-
man capital, fnancial innovation, and nonoil trade openness
are valuable to the nonoil economy of Saudi Arabia.

Te NARDL fndings also support the existence of long-
run relationships. Tey also reject the null hypothesis re-
garding the nonexistence of an asymmetric relationship
between nonoil GDP and its determinants (TO, HC, and
GCF). Tus, we can infer the symmetric relationship be-
tween those variables and nonoil economic growth while
there is an asymmetric relationship between fnancial in-
novation and nonoil GDP in the long run.

Te ECM fndings and causality framework, at the 1%
and 5% signifcance levels, showed that some of the ECTs (1)
were statistically signifcant and negative. Te results
demonstrated the model contained long-term causation.
Similar to long-run causality, diferent directional causation
between the variables was observed in the short run. Tis
study also found a bidirectional causal between fnancial
innovation nonoil economic growth (FI⟵⟶nonoil-
GDP), (nonoil-GCF⟵⟶nonoil-GDP), and (nonoil-
GCF⟵⟶HC). However, the study also revealed unidi-
rectional causality from nonoil-GDP⟶CH, nonoil-
TO⟶nonoil-GDP, FI⟶HC, FI⟶nonoil-TO, and
nonoil-GCF⟶nonoil-TO. Based on a comprehensive
empirical investigation, this paper presents three useful
implications for further progress in the nonoil economy.

(i) More expenditure should be encouraged in im-
proving the average years of education and quality
of education as well as emphasizing and investing in
developing skilled personnel who are essential to
facilitating the nonoil economic growth of Saudi
Arabia.

(ii) Policymakers and economists should divert their
attention to trade regulations and trade policies with
dynamic reasoning by further strengthening nonoil
trade openness which integrates local economic
systems through international commerce and other
social and economic variables. Te nonoil trade
openness promotes the elimination of tarifs and
other trade barriers and the manufacturing and
marketing globalization.

(iii) Te fnancial industry can also boost economic growth
by providing payment services, raising money from
multiple investors, obtaining and analyzing the
business project and investment information, allo-
cating funds to the most proftable projects, moni-
toring investments, and implementing corporate
governance. Diversifcation boosts liquidity and re-
duces time risks. Tese habits can afect investment
and saving decisions and economic growth.

Finally, this study draws some important recommen-
dation ideas which are summarized as follows:

(i) Te frst idea is to educate, train, and develop Saudi’s
citizens skills through high-quality education, ex-
tensive training programs, and research and devel-
opment (R&D). Having skilled personnels facilitate
the smooth transition from oil dependent country to
nonoil and sustainable economic growth society with
people being the main driver of such change.

(ii) Te second idea is that investments in extending
international nonoil trade should be rewarded be-
cause trade openness supports nonoil economic
structure upgrades.

(iii) Te third idea is for the government to promote
fnancial innovation inside the fnancial system and
continue fscal policies that support its spread and
uptake with increased nonoil aggregate capital
formation. Terefore, the government and policy-
makers can defnitely use this study as a way to set
priorities and encourage important policy changes
that will improve Saudi Arabia’s economy growth.
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