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Sustainable development has been a fundamental component of long-term 
economic policies of resource-dependent nations, such as Saudi Arabia and the 
UAE. This study looks at how digital transformation, foreign direct investment, and 
energy use interact and affect sustainable development (SD) in two countries from 
2000 to 2023. Utilizing sophisticated econometric techniques, including FMOLS, 
Johansen Co-integration, and Dumitrescu-Hurlin panel causality tests, the findings 
indicate that digital transformation and Foreign Direct Investment (FDI) exert a 
positive and substantial influence on sustainable development over the long term. 
Digital transformation (DT) significantly impacts the integration of technology 
to attain sustainability objectives. On the other hand, the impact on sustainable 
development is less significant, with several cases showing a statistically minor 
causal influence on energy consumption. The causality results reveal a mutual 
relationship between DT and SD in environmental policy and energy behavior. FDI 
directly causes SD but is also affected by SD, indicating their interdependence. 
However, FDI and DT do not show a causal relationship, and FDI Granger causes 
EU, while the reverse does not. The system remains closely coupled with energy, 
digital, and investment systems, contributing jointly to sustainable development 
pathways. These findings provide a valuable framework for governments aiming 
to foster sustainable growth in the digital realm via improved local technological 
advancement, effective foreign technical investment, and energy utilization.
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1 Introduction

Developing nations regard sustainable development as an urgent priority to reconcile 
economic growth, environmental conservation, and social fairness (Sadiq et al., 2023). The 
initiative for sustainable development in the Middle East, particularly in KSA and UAE, is 
intricately connected to three revolutionary processes: digital transformation, foreign direct 
investment, and energy utilization (Sherif et al., 2023). These GCC countries, which were 
previously dependent on hydrocarbons, attempt to convert their economies in accordance 
with liberal sustainability standards with high emphasis on digitalization and green energy 
(Amin et al., 2023). These countries’ national policy agendas find realization in sustainable 
development through the interrelated processes represented by digital transformation, FDI, 
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and energy consumption. This is important for capturing how well 
countries are performing and future strategies, such as Saudi Vision 
2030 and UAE Vision 2050 (Ni et  al., 2023), on how digital 
transformation, FDI, and energy consumption are interrelated. 
Changes in the economy and society with the digital revolution are 
changing our developmental paths. The KSA and the UAE 
governments are looking for digital technologies to improve service 
delivery, to diversify economy, and to achieve better environmental 
performance (Hariram et al., 2023). KSA’s National Transformation 
Program and the UAE’s Smart Government program aim to improve 
economic efficiency and environmental sustainability through the 
digitalization of infrastructure, governmental services, and business 
environments (Noureen et al., 2024). The new digital tools enable 
better monitoring of energy consumption, carbon emissions, and 
resource efficiency, effectively enriching the sustainable development 
framework (Chenlu et  al., 2024). Sustained economic growth is 
catalyzes by foreign direct investment (FDI), which stimulates the 
transfer of capital, and technology innovation (Azmat et al., 2023). 
Within the GCC framework, foreign direct investment inflows shift 
from oil and gas to renewable energy, sophisticated manufacturing, 
information and communication technology, and sustainable urban 
development (ESCAP, U., ECA, U., ECE, U., ECLAC, U., ESCWA, U, 
2023). The reorientation has been propelled by targeted economic 
changes aimed at improving the business climate and expanding 
sectors of the economy to foreign investment (Liu et  al., 2024). 
Simultaneously, KSA and the UAE deregulated ownership, established 
special economic zones, and invested in infrastructure conducive to 
high-tech and green innovation (Ige et al., 2024). Nevertheless, the use 
of energy is a double-edged sword. Energy is essential for conducting 
economic and digital activities; nevertheless, it has been excessively 
and inefficiently utilized, with fossil fuel-based energy usage 
significantly contributing to greenhouse gas emissions (Kanval et al., 
2024). The elevated per capita energy consumption is chiefly 
attributable to energy-intensive industrial operations, air-conditioned 
residences and structures, fossil fuel-dependent desalination, and 
extensive transportation networks, which are predominantly 
underpinned by heavily subsidized fossil energy (IEA, 2022). 
Currently, both nations are implementing aggressive energy 
transformation strategies. The Renewable Energy Project Development 
Office in Saudi Arabia and the Clean Energy Strategy 2050 in the 
United Arab Emirates aim to synchronize the energy mix with solar, 
wind, and nuclear sources (Adanma and Ogunbiyi, 2024). 
Technological breakthroughs in energy innovation are supported by 
foreign direct investment in renewable and digital solutions for energy 
efficiency to enhance these projects. The UN states that sustainable 
development addresses the needs of both present and future 
generations (Mishra et al., 2024). It requires comprehensive solutions 
that concurrently address the environmental, economic, and social 
dimensions. Digital transformation facilitates sustainability by 
reducing transaction costs, optimizing resource utilization, and 
implementing the intelligent infrastructure required for smart 
mobility, smart water systems, and smart waste management (World 
Bank, 2018). The enhanced use of AI, IoT, and big data analytics can 
facilitate the more efficient operation of energy grids, monitor 
environmental deterioration, and enhance catastrophe preparedness 
and response (Sadiq et  al., 2023). The KSA and the UAE have 
considerably advanced in incorporating sustainability into their 
national goals and long-term strategies. An illustration of this scenario 

is Saudi Vision 2030, which emphasizes economic diversification 
through the advancement of the digital economy, green energy 
initiatives, and foreign direct investment in non-oil industries 
(Kwilinski, 2023). Similarly, the UAE’s Green Agenda 2030 and 
National Innovation Strategy focus on low-carbon growth, intelligent 
infrastructure, and innovation-driven development (Li and Wu, 
2023). The objectives are aspirational and supported by legislation that 
includes financial mechanisms and worldwide collaborations with 
technology and energy companies. The relationship between digital 
transformation, foreign direct investment, and energy consumption 
is particularly significant for the sustainability implications in these 
Gulf nations (Sadiq et al., 2025). Ensuring high-quality foreign direct 
investment through cost-effective regulatory frameworks and digital 
access to public goods This, in turn, can accelerate the diffusion of 
modern technology with higher energy efficiency and lower damaging 
environmental effects via FDI. Reducing Operating Expense (OPEX) 
and enabling sustainable business models all of which are appealing 
to investors—via digital energy management systems (Osborn et al., 
2015). A mixed literature has empirically distinguished the role of 
digitalization and foreign direct investment on sustainable 
development (Onwuka and Adu, 2024). Digital connection correlates 
with reduced energy intensity and enhanced productivity. In contrast, 
foreign direct investment in high-tech and green industries is 
connected with diminished carbon emissions and increased economic 
value-added (Abubakar et al., 2025). The influence of energy use on 
environmental sustainability remains context-dependent. 
Multinational corporations (MNCS) in energy-dependent developing 
nations have typically benefited from new, higher-carbon-locked-in 
FDI, which shows minimal correlation with digital transformation 
and decarbonization opportunities, an alarming issue where market 
dynamics impede the decarbonization of local economic activities 
(Alam et al., 2023). The Gulf ’s plentiful solar radiation and other 
renewable energy resources provide a strategic advantage that may 
be leveraged through international investment and digital platforms. 
Futuristic, carbon-neutral smart cities like KSA’s NEOM and the 
UAE’s Masdar City are engineered to offer diverse economic activities 
while maintaining carbon neutrality and leveraging technology 
breakthroughs (Azam et al., 2023). The synergistic potential of digital 
transformation, energy innovation, and global financial flows is 
encapsulated by foreign direct investment in biotechnology, 
sustainable building, autonomous mobility, and digital services inside 
these mega projects (Mngumi et  al., 2024). Nonetheless, several 
obstacles continue to endure despite these advancements. However, 
the digital divide, cybersecurity concerns, and laws may constrain the 
advantages of digital transformation (Shahzad et  al., 2017). 
Furthermore, FDI could be unstable as a result of geopolitical rivalries, 
country economic instability, or regulatory uncertainty which are 
undermining long-run efforts to maintain a sustainable situation 
(Adanma and Ogunbiyi, 2024). The phasing out of subsidies and the 
integration of intermittent renewables into the grid is both a technical 
and societal challenge in energy (Amin et  al., 2023). Continuous 
policy restructuring, institutional capacity building, and a systematic 
convergence of stakeholders are needed to achieve a cohesive and 
sustainable path of development (Razzaq et al., 2021). The interplay of 
digital transformation-fuelled international direct investment and 
energy consumption in KSA and the UAE is ushering these nations 
along a progressive path to sustainability. Digital revolution brings in 
efficiency and transparency, foreign direct investment brings in skills 
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and capital while sustainable energy practices mitigate the 
environmental risks. These are the foundational cornerstones of a 
sustainable future in the Gulf. Future studies could consider the 
relationships between those factors, impact by individual sectors, and 
develop more integrated policy frameworks that cohere with the 
socio-economic conditions of Saudi  Arabia and the UAE (see 
Figure 1).

2 Literature review

The framework of a literature review typically has three 
components, each serving a distinct purpose in establishing a cohesive 
academic foundation for the study. The three components can 
be  delineated in according with the preceding framework of 
Sustainable Development and Digital Transformation; Sustainable 
Development and Energy Utilization; and Sustainable Development 
and Foreign Direct Investment as follows.

2.1 Sustainable development and digital 
transformation

Notably, as the globe shifts toward a knowledge economy, the 
convergence of digital transformation and sustainable development 
has become a significant focus of scholarly inquiry. It broadly denotes 
the integration of digital technology into business, government, and 
society. Digital technologies are a crucial facilitator of the UN 
Sustainable Development Goals (World Bank, 2018), especially in the 
domains of education, health, agriculture, and energy. Research 

indicates that digital transformation serves as a significant motivator 
for sustainability (Sarasini et  al., 2024) contended that emerging 
digital technologies present opportunities for circular economy 
models, capable of enhancing impact and efficiency by utilizing 
existing resources more intelligently, thereby reducing ecological 
footprints. Similarly, Yousaf et al. (2021) indicate that digital finance 
can enhance financial inclusion and wellbeing in emerging economies. 
Digital transformation is seen as a crucial element of sustainable 
economic diversification under Saudi  Arabia’s Vision 2030, 
particularly within the context of the Gulf area. The UAE is making 
substantial advancements, shown by the Smart Dubai effort, which 
aims to utilize digital technology to facilitate sustainability objectives 
in urban planning and public service provision (Khanna et al., 2021). 
Moreover, digital transformation includes intelligent infrastructure, 
such as smart grids and smart cities, as a component of sustainability. 
According to Albitar et al. (2020), smart city efforts facilitate reduced 
CO₂ emissions, optimized utility usage, and enhanced urban 
resilience. However, the implementation of digital technologies has its 
own challenges, including data security, digital inequality, and the 
environmental impacts of the necessary ICT infrastructure (Lozano 
et al., 2016).

2.2 Sustainable development and energy 
use

Nearly all energy types share a commonality: they facilitate 
sustainable growth. Energy consumption and sustainable development 
are closely interconnected, since energy serves as both a catalyst for 
economic advancement and a contributor to environmental 

FIGURE 1

Sustainable development.
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deterioration, particularly when derived from fossil fuels. Emissions 
associated with energy from these sources account for approximately 
73% of total global greenhouse gas emissions (IEA, 2022). A 
substantial body of literature explores the energy-sustainable 
development link. The research conducted by Apergis et al. (2020) 
revealed that renewable energy usage significantly impacts economic 
growth and environmental preservation (Omer, 2008; Dincer and 
Rosen, 1999) demonstrated a strong correlation between energy 
consumption and economic growth in emerging nations, while 
simultaneously confirming that over-reliance on non-renewable 
energy undermines environmental sustainability. Energy consumption 
in Saudi Arabia and the United Arab Emirates has predominantly 
favored fossil fuels. Recent policy modifications aim to diversify the 
energy portfolio. In 2021, Vision 2030 initiated the Saudi Green 
Initiative, aiming to derive 50% of the nation’s power from renewable 
sources by 2030. The UAE’s Energy Strategy 2050 similarly targets a 
comparable energy mix, consisting of 44% renewable energy (Zhe 
et al., 2024; Sarasini et al., 2024). Moreover, energy efficiency measures 
are integral to sustainable growth. According to Kaygusuz (2012), 
energy savings of 20–30% may be realized in industries, transportation, 
and buildings through enhancements in efficiency while maintaining 
equivalent functioning. Energy auditing and the implementation of 
sophisticated metering infrastructure have shown to be successful 
strategies for promoting energy saving and sustainability (Energy and 
Iea, 2020). Nonetheless, the rebound effect, where energy and carbon 
benefits from efficiency are diminished due to heightened 
consumption (higher throughput), remains a concern. Harmonizing 
energy consumption with sustainable development necessitates an 
equilibrium among energy accessibility, cost-effectiveness, and 
ecological preservation.

2.3 Sustainable development and FDI

For decades, foreign direct investment has been a significant 
driver of sustainable development, particularly in developing and 
emerging nations. FDI is a vital source of finance, facilitates 
technological transfer and interchange, and is crucial in capacity 
building, which is essential for achieving the SDGs (Voica et al., 
2015). As stated by the UN Conference on Trade and Development, 
FDI serves as a primary driver of sustainable economic growth 
globally, generating employment, enhancing productivity, and 
facilitating infrastructure development (Yousaf et al., 2021). The 
link between FDI and sustainable development is not unidirectional. 
FDI can either adversely affect or enhance the environment, 
contingent upon the attributes of the investment and the host 
nation. Foreign Direct Investment in pollution-intensive sectors 
will markedly exacerbate environmental pollution unless stringent 
environmental regulations are implemented (Samour et al., 2022). 
Foreign Direct Investment has been a fundamental component of 
economic diversification initiatives in the Gulf Cooperation 
Council area. As previously mentioned, Saudi Arabia’s Vision 2030 
and the Emirati economic strategies focus on sustainable foreign 
direct investment in renewable energy, technology, and tourism. 
According to Imran et al. (2024), foreign direct investment in green 
technology has increased at an annual pace of 18% since the 
implementation of Vision 2030. The converse aspect of the award 
pertains to the quality of foreign direct investment and its origins. 

According to FDI Projection 03 (Samour et al., 2022; Sarfraz et al., 
2022), the origin of FDI may influence their effect on sustainable 
development, with investments from nations adhering to rigorous 
environmental regulations favorably impacting sustainability. 
Conversely, foreign direct investment from nations with lax 
regulations may result in the emergence of a “pollution haven.’ 
Numerous empirical studies, such those by Abedi and Moeenian 
(2021) and Al Shammre and Alshahrani (2024), demonstrate that 
FDI exerts a dual influence on CO₂ emissions: it fosters economic 
growth while also contributing to environmental pollution, unless 
accompanied by environmental safeguards. Consequently, host 
nations have the difficulty of formulating policies that maximize 
developmental advantages from foreign direct investment while 
minimizing ecological impact (Deryag and Khalifa, 2024). The 
research indicates that sustainable development may be affected, 
either favorably or adversely, by the three primary factors studied 
in this paper: digital transformation, energy consumption, and 
foreign direct investment. Future research should pursue integrated 
frameworks that delineate the synergies and trade-offs among these 
factors, especially in resource-abundant nations like KSA and the 
UAE. The study comprises many components: the third section 
addresses the gap and novelty, the fourth section outlines the 
theoretical framework and methods, the fifth section presents the 
empirical analysis, and the final section concludes the study. 
Presented here are pertinent research enquiries:

RQ1: How can digital transformation contribute to the sustainable 
development of Saudi Arabia and the United Arab Emirates? This 
inquiry aims to evaluate the influence of digital technologies on 
economic, environmental, and social sustainability, innovation, 
resource efficiency, and intelligent governance.

RQ2: What is the significance of energy consumption and 
sustainable development in the Kingdom of Saudi Arabia and the 
United  Arab  Emirates? To examine the influence of energy 
consumption patterns, especially in high-energy-use countries, on 
achieving sustainability objectives and their repercussions for 
ecological degradation and economically viable lives.

RQ3: What is the interplay between FDI, energy consumption, 
and digital transformation in fostering sustainable development 
in KSA and the UAE? This assessment will evaluate the collective 
influence of capital inflows, technology transfer, and energy 
utilization on sustainability, while identifying potential synergies 
and trade-offs contributing to the Gulf region’s long-term 
sustainable trajectory.

2.4 Study literature gap and novelty

The Kingdom of Saudi Arabia and the United Arab Emirates 
achieved rapid economic advancement mostly via the extraction 
of natural resources and international investments. However, 
blossoming expansion results in sustainability challenges, 
particularly around carbon emission control, diversity of energy 
sources, and equitable development. While various studies have 
individually investigated the roles and effects of FDI, energy 
consumption, and digital transformation, to our knowledge, there 
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is a paucity of research examining the interactive synergy of FDI, 
energy consumption, and digital transformation on sustainable 
development, especially in oil-dependent economies undergoing 
structural reform. To our knowledge, no prior research provides 
a thorough assessment that incorporates all of these predominantly 
separate primary variables into a unified model. The potential for 
this is promising in mitigating energy inefficiencies and 
facilitating intelligent solutions for environmental management; 
nevertheless, the impact of digital transformation, significantly 
undervalued in the Gulf context, remains unexamined. Secondly, 
the majority of research fail to compare several Gulf nations, 
despite their frequently analogous economic frameworks and 
shared policy goals (e.g., Saudi Vision 2030; UAE Net Zero 2050) 
(Mishra et al., 2024). Most current work relies on outdated data 
and too simplistic models, yielding conclusions with little 
accuracy and policy significance. This study addresses the 
identified gaps by analyzing updated data from 2000 to 2023 and 
employing advanced econometric approaches to examine the 
combined effects of digital transformation, foreign direct 
investment, and energy consumption on sustainable development 
in KSA and the UAE. The innovation is in employing cost–benefit 
analysis in a multi-variable, comparative framework with 
methodological rigor, revealing pathways for the long-term 
viability of these economies independent of oil reliance.

H1: Enhancing resource efficiency and facilitating low-carbon 
innovations: the systematic role of digital transformation in 
sustainable development in the context of KSA and the UAE.

H2: The Beneficial Impact of FDI on Sustainable Development 
in KSA and the UAE via Enhancement of Technological 
Capabilities and Economic Diversification.

H3: Energy consumption undermines the sustainability of growth 
in KSA and the UAE, which remain reliant on non-renewable 
energy sources, resulting in environmental damage.

3 Theoretical framework

The literature presents many theoretical frameworks that 
elucidate the relationship among sustainable development, digital 
transformation, energy consumption, and FDI. The EKC 
hypothesis posits a nonlinear link between economic growth and 
environmental degradation, wherein pollution rises with GDP 

growth before declining due to the adoption of innovative 
technology as the economy develops. This notion is especially 
pertinent for resource-abundant nations transitioning from a 
resource- and pollution-driven economy to sustainable economic 
models. FDI is posited to influence this connection by facilitating 
the transfer of green technology and creating favorable conditions 
for improved production processes, enhancing sustainability 
results. Similarly, technological diffusion theory supports the idea 
that digital transformation acts as a catalyst for fostering 
sustainable growth through enhanced energy efficiency, 
intelligent infrastructure, and a smaller ecological footprint. The 
substantial energy consumption of these facilities, particularly 
from non-renewable sources, poses a significant obstacle to 
sustainability, necessitating a shift toward cleaner energy 
alternatives. The subsequent framework delineates the dependent 
and independent variables as seen in Figure 2.

This study utilizes time-series data from Saudi Arabia and the 
United Arab Emirates spanning from 2000 to 2023 to analyse these 
relationships. The research used correlation analysis, Co-integration 
tests, and the FMOLS technique to assess long-term and short-term 
correlations among the variables, yielding reliable estimates of critical 
factors influencing sustainable development while accounting for 
endogeneity and serial correlation. The Primary research model is 
presented in Equation 1:

 ( ), ,SD f DT EU FDI=
 (1)

We employ a logarithmic function on the model’s variables to 
diminish data responsiveness and enhance distributional 
characteristics before the model’s empirical application. The natural 
logarithm transformation mitigates issues of heteroscedasticity and 
autocorrelation (Kayani and Alzaid, 2024). The log-transformed and 
linear models produce comparable results; however, the 
log-transformed model is generally more dependable and appropriate. 
In Equation 2, carbon emissions are represented in a log-linear format.

 α β β β ε= + + + +1 2 3ln ln ln lnit it it it it itSD DT EU FDI  (2)

Where β1, β2 represent the elasticity of sustainable development 
concerning digital transformation, energy consumption, and foreign 
direct investment. The symbol I denote various cross sections; the 
natural logarithm is represented by ln, and time is specified from 2000 
to 2023.

SD (D-V) EU (ID-V) FDI (ID-V)DT (ID-V)

FIGURE 2

Variables framework.
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4 Methodology

4.1 Data and variables selection

This research examines the relationship between sustainable 
development (see Appendix Tables 1, 2) and the trinity of digital 
transformation, energy consumption, and foreign direct investment 
in Saudi Arabia and the United Arab Emirates from 2000 to 2023. In 
this research, sustainable development is the dependent variable, 
while digital transformation, energy consumption, and foreign direct 
investment are the independent factors. WDI database, a publicly 
accessible and extensively utilized global development data repository 
(Al Shammre and Alshahrani, 2024). Expanding upon prior research 
on this topic, alternative studies have employed various 
methodological techniques. Researchers employed structural equation 
modelling and partial least squares methodologies utilizing World 
Bank data to assess the impact of FDI on economic growth within the 
Omani setting (Naseem et  al., 2024). For the analytical process, 
we used Eviews-10. Additional studies examined the labor market by 
investigating the long-term effects of FDI on male and female 
unemployment, utilizing panel data from 1990 to 2018 and employing 
econometric methodologies such as FMOLS, variance decomposition, 
impulse response functions, and Granger causality tests to analyze 
both long-term and short-term dynamics (Majid, 2020). 
Co-integration tests and long-run estimate methodologies (FMOLS, 
quantile regression, wavelet coherency analysis, etc.) have been 
employed in the domain of sustainable development and green energy. 
This research employs the FMOLS approach, which robustly and 
reliably estimates the long-run equilibrium connection among 
variables, rendering the results highly useful for policy formation in 
the Gulf. The index variables and PCA techniques employed to 
produce the digital transformation index and sustainable development 
are shown in Appendix Tables 1, 2, respectively (Table 1).

4.2 Econometrics methodology

The FMOLS is a strong panel data model with little room for 
mixed stationarity variables. Considerably, it integrates both long-
term and short-term dynamics, hence, especially suitable for 
analyzing the effects of digital transformation, energy consumption, 
and foreign direct investment on sustainable development. FMOLS 
is used to measure the impact of changes in digitalization, energy 
consumption, and capital influx on the growth paths of sustainable 
growth in KSA and the UAE. The addition of variance decomposition 
into the model also provides more information regarding causality 

and explains the percentage of variation in prediction errors that can 
be  contributed to each predictor over time. In all countries, 
particularly those seeking to diversify from oil, FDI is relevant to 
long-term sustainable development and its apparent short-term 
environmental and economic impacts. This model could then be used 
to narrow further the analysis of FDI driven industrialization by 
examining the extent to which energy consumption and/or digital 
transformation is dispersed, as well as the resultant worsening or 
mitigation of environmental pressure. Also, the data are usually 
checked for stationarity and long-run correlation using unit root tests 
and Co-integration tests respectively, which adds to the robustness of 
the results. These diagnostic techniques are essential for assessing the 
dynamics of digital transformation, energy consumption, and foreign 
direct investment in relation to modelled sustainable development. 
This study utilizes FMOLS to provide empirical data about the 
temporal interaction among these factors, while also supporting KSA 
Vision 2030 and UAE Sustainability objectives through pertinent 
policy implications. This work aims to replicate such couplings in a 
dynamic context to yield insights for strategic approaches that would 
attain an economically progressive and ecologically sustainable result.

4.3 Unit root test

The unit root of each variable was validated using the stationarity 
tests conducted. The stationarity tests identified in the existing 
literature are already approximatively. Several broad tests include the 
Augmented Dickey-Fuller test (Dickey and Fuller, 1981; Im et al., 
2003; Shin and Schmidt, 1992). The unit root test posits 
non-stationarity as the null hypothesis, with failure to reject the unit 
root signifying non-stationarity as the alternative hypothesis; hence, 
the unit root equation is presented below:

 ( )it it iti t 1y y Xρ δ−= + + ε
 

(3)

Where I = 1, N be a country-level panel; t = 1, T the period itX : 
capturing variables in the theoretical model,  is the coefficient of auto-
regression and is the error term. Condition >1, represent a stationary 
behavior, whereas iñ  = 1, results in a unit root in ty . The study of Im 
et al. (2003), also provides variables with different serial correlation 
orders and applies the Augmented Dicky Fuller test, so-called, 
the average:

 
it

1

i

ij it j it
j

ρ
ρ ε µ−

=
ε = +∑

 
(4)

If Equation 3 takes the place of Equation 4, we obtain Equation 6.
While the ADF can calculate by Equation 5:

 
it i it 1 ij it j i it it

j 1
y y X

iρ
ρ ρ− −

=
= + ε + δ + ε∑

 
(5)

Where ρi represents the number of lags in the ADF regression. 
T-bar statistics identified by Im et  al. (2003), the ADF average of 
individual statistics as shown below:

TABLE 1 Variables description and sources of data.

Variable Measurement Sources

SD Sustainable development 

index

WDI

DTS Digital transformation index WDI

EU Energy use (kg of oil 

equivalent per capita)

WDI

FDI Foreign direct investment, net 

inflows (% of GDP)

WDI

https://doi.org/10.3389/fhumd.2025.1523887
https://www.frontiersin.org/journals/Human-dynamics
https://www.frontiersin.org


Muneer et al. 10.3389/fhumd.2025.1523887

Frontiers in Human Dynamics 07 frontiersin.org

 
( ) ( )

N

iT iNT
i 1

1t tNiρ
−

= ρ∑
 

(6)

The statistical alternative “t” allows all individuals to test a null 
hypothesis for the existence of a unit root. it  ( )iñ  represents the 
estimation of ADF; t denotes the number of observations, and N is the 
number of individuals.

4.4 Dumitrescu-hurled causality (DH) test

The last step of an empirical analysis is the causality test that 
measures the intensity of the causal link between the variables in the 
model. Causation can be  one-way (unidirectional), two-way 
(bidirectional), or non-existent. We  employed the Dumitrescu 
Causality test by Dumitrescu and Hurlin (2012). What is a more 
effective tool for directional causality than the standard method 
(Dumitrescu and Hurlin, 2012). It includes the two main types of 
heterogeneity, i.e., the heterogeneity of the regression model and the 
heterogeneity of the causal effect.
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The measurable cross-sections are denoted by x, y, and j
i , β j

i , in 
Equation 7 respectively. Each observable has its own set of auto-
regressive parameters and regression coefficients, expected to change 
over time. Behavior of one may be attributable to another panel list. 
Wald statistics can be used to test the following hypothesis based on 
Equation 8:

 

−

=
= ∑1. ,

1

N
HNC
N T i t

i
W N W

 
(8)

For each analyzed cross-sectional unit the Wald statistics is 
denoted by , .i tW

4.5 Empirical findings

4.5.1 Variables description and correlation
These two notions are important to these two stages in time 

series analysis while the assessment of data normality and 
autocorrelation. Results Descriptive statistics (mean, standard 
deviation, and skewness) of some key variables are presented to 
capture the distribution of the data and where the data deviates. 
This method measures the strength and direction of linear 
relationships between pairs of variables, helping to discover 
possible dependencies or interactions. The second study lays the 
foundation for more elaborate methods such as Co-integration 
and dynamic modelling looking into long-run relationships and 
causal impact of variables (Alharthi et al., 2024).

The descriptive data for the factors related to SD, DT, EU, and 
FDI in KSA and the UAE are shown in Table 2. The mean values for 
SD and DTS, being close to zero, reflect centred and normalized 

data, whereas the positive averages of EU and FDI demonstrate 
their consistent relevance in economic activity. FDI (2.0) and DT 
(1.4) have the biggest standard deviations, indicating moderate 
diversity in investment inflows and digital development among 
nations, as shown by these standard deviations. The skewness 
values indicate that EU and FDI are right-skewed, characterized by 
a substantial tail on the right side (high values), but SD and DTS 
are symmetric. The kurtosis values for all variables are below 3, 
indicating light tails and suggesting that the distribution is 
reasonably flat. The outcomes of the Jarque-Bera statistics exhibit 
minor deviations from the normal distribution; however, they 
remain within acceptable limits, so providing a foundation for the 
subsequent econometric analysis.

4.6 Variables correlation matrix 
interpretation

The Variables Correlation Matrix is a table that illustrates the 
strength and direction of the linear relationship among numerous 
pairs of variables within a single dataset. The values in the matrix vary 
from −1 to +1, where +1 signifies perfect positive correlation, −1 
signifies perfect negative correlation, and 0 denotes the absence of 
linear correlation. A correlation approaching 1 or −1 denotes a robust 
and direct link, whereas values around 0 suggest the lack of a linear 
relationship. It offers a method for identifying possible 
multicollinearity issues and assists in the subsequent model definition.

Table 3 correlation coefficients among SD, DT, EU, and FDI for the 
models of KSA and UAE A substantial positive connection exists 
between SD and DT (r = 0.737), indicating that digital technologies 
influence and advance sustainable development in alignment with 
national visions established for their respective areas, such as Saudi 
Vision 2030 and UAE Vision 2021. Likewise, SD has a substantial positive 
association with FDI (r = 0.626), suggesting that foreign capital supports 
sustainable initiatives, either through green investments or technological 
spillover. Despite a weak correlation between SD and EU (r = 0.486), it 
suggests that energy consumption, seen as a metric of economic and 
industrial advancement, might potentially facilitate sustainable 
development, provided that efficiency rules govern these initiatives. DT 
exhibits a poor correlation with EU (r = 0.101); digitalization has not yet 
directly influenced energy consumption (Alam et  al., 2020), or this 
impact may manifest through efficiency improvements. In summary, the 
matrix elucidates the correlation among these factors and substantiates 
their collective impact on sustainability outcomes in the two nations.

TABLE 2 Descriptive statistics.

Particulars SD DTS EU FDI

Mean −4.2E−16 −1.9E−17 8.2E+00 2.1E+00

Med −1.7E−02 −2.4E−01 8.1E+00 1.6E+00

Max 1.7E+00 2.5E+00 1.2E+00 6.8E+00

Min −1.7E+00 −2.3E+00 6.3E+00 −9.9E−01

Std. dev. 1.1E+00 1.4E+00 1.3E+00 2.0E+00

Skew −1.8E−02 4.2E−02 5.2E−01 7.1E−01

Kurt 1.7E+00 1.9E+00 2.9E+00 2.6E+00

Jarq-Bera 3.5E+00 2.3E+00 2.2E+00 4.5E+00
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4.7 Stationarity and correlation test

Unit root tests, sometimes referred to as individual variable 
stationary tests, are a crucial first phase in time series analysis. The 
ADF, IPS, and KPSS tests assess whether a time series variable is 
stationary or requires differencing to achieve stationarity. Stationarity 
is crucial, as non-stationary data may lead to the identification of 
spurious correlations between variables (Rehman et al., 2021).

Table 4 presents stationarity diagnostics for the variables SD, DT, 
EU, and FDI, employing several unit root specifications, including 
ADF, DF-GLS, KPSS, and PP tests. The variables SD, DT, EU, and FDI 
are non-stationary at level I  (0) but attain stationarity at the first 
difference level I (1), indicating that they are integrated of order one. 
In other words, they are not stationary at level; but, at first difference, 
ADF and PP tests produce extremely significant p-values (p < 0.01), so 
demonstrating stationarity at I  (1). Similarly, the DF-GLS test 
corroborates this finding, indicating that all variables are stable 
following initial differencing (p < 0.01). Conversely, stationarity at the 
level is denied (with values over the crucial limit), although it is 
affirmed at the first difference (with values significantly below the 
threshold), corroborated by the KPSS test with SD (0.1519–0.0992) and 
EU (0.1529–0.65039) (Xie et al., 2024). These findings confirm that all 
series are integrated of the same order, hence validating the use of 
co-integration approaches from a long-run viewpoint and enhancing 
econometric modeling in the analysis of sustainable development 
drivers in KSA and the UAE.

4.8 Co-integration test analysis

Co-Integration Test The initial and most critical stage in time-
series analysis is to ascertain the existence of a long-term link among 
the variables. The co-integration test (Drake, 1993; Johansen, 1992), 
is a prevalent approach employing maximum likelihood estimation 
to ascertain the existence of a co-integrated connection among 
various time series variables under analysis. The VAR model of vector 
k is characterized by an integration order of I (1) (Johansen, 1992).

The outcomes of the Johansen co-integration test for SD, DTE, 
Energy Use (EU), and FDI in KSA and UAE are presented in Table 5. 
The Trace and Max-Eigenvalue statistics for evaluating the maximum 
rank of co-integrating equations, for both, at the 5% critical value. 
Utilizing the Trace test, we see test statistics of 71.45 and 33.31, which 
surpass the essential values of 47.85 and 29.80, respectively. 
Consequently, the null hypotheses of “no co-integration” and “at most 
one” are rejected, with p-values of 0.0001 and 0.0189, respectively and 
0.0001 and 0.0189, respectively. Similarly, the Max-Eigenvalue test 
corroborates these findings by rejecting the null hypotheses of “none” 
and “at most one,” both associated with considerably greater p-values 
(0.0015 and 0.0102, respectively), results that align with those of 

Zaheer and Rashid (2014) and Liu et al. (2022). The findings indicate 
the existence of a minimum of two long-term equilibria among the 
variables. It already carries the assumption that digital transformation 
is not only dynamically submerged in a set of interconnections with 
sustainable development, but also dynamically coincide in terms of 
adaptive optimization with sustainable digital development in the 
long run, reaching an optimal state for both. The results confirm the 
robustness of the VECM framework and highlight that coordinated 
policies promoting simultaneous digitalization, sustainable energy 
consumption, and foreign direct investment might contribute 
positively to the long-run sustainability performance in both regions.

4.9 Fully modified least squares method 
(FMOLS)

There is a need for a method (FMOLS) which enables estimating 
long-term relationships inside Co-integrated variables restricting 
inessential statistical assumptions. This approach increases the reliability 
of the inference from the large amount of equation measurements 
because the errors between the equations are correlated. Employing this 
semi-parametric framework with FMOLS restricts the complexity of 
the estimation and leads to faster convergence rates, especially in the 
case of multi-co-integrated systems. FMOLS has many advantages; 
nevertheless, it is still limited to some constraints. When testing 
hypotheses in particular contexts, it may be  conservative, making 
conclusions based on the results of the analysis less generalizable (Abid 
et al., 2022; Ur Rehman et al., 2023; Naseem et al., 2023).

The long-term relationship effects of DT, EU, and FDI on SD in 
KSA and UAE are assessed using the FMOLS estimate in steps 2 and 
3, as demonstrated in Table 6. The FMOLS technique accounts for 
endogeneity and serial correlation, consistent long-term coefficient 
estimates. The results reveal that the coefficient for DT is positive 
and statistically significant (β = 0.4157, p = 0.0017), underscoring a 
substantial contribution of digital transformation to sustainable 
development in the region. FDI demonstrates a positive and 
substantial effect (β = 0.2659, p = 0.0068), indicating that the influx 
of foreign capital fosters sustainability, maybe by transferring 
cleaner technology and innovative practices (Kalam, 2020; Mohsin 
et al., 2024). The EU exhibits a negative but minimal significant 
coefficient (β = −0.0000626, p = 0.0558), albeit weakly indicating a 
potential unfavorable association between increased energy 
consumption and sustainable development. The model 
demonstrates a robust fit, evidenced by an R-squared value of 0.659, 
signifying that 66% of the variation in sustainable development is 
accounted for by the independent variables. These findings 
underscore the strategic significance of both digitalization and 
foreign investment in achieving sustainable development objectives 
in the Gulf region.

4.10 Robustness test Dumitrescu-Hurlin 
causality

Table 7 illustrates the Dumitrescu-Hurlin causality test, a panel 
causality test designed to ascertain if one indicator may predict 
another within a panel dataset. Unlike classic causality tests, it 
considers the variety of dynamics within the interaction system across 

TABLE 3 Matrix correlation.

Variables SD DTS EU FDI

SD 1 0.737082 0.485589 0.625923

DTS 0.737082 1 0.101069 0.390035

EU 0.485589 0.101069 1 0.486946

FDI 0.625923 0.390035 0.486946 1
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cross-sectional units, making it more suitable for panel data where 
correlations may differ among units. The DH test consolidates the 
results of individual cross-section causality, so offering a robust 

methodology for examining directional correlations in heterogeneous 
panels (Dumitrescu and Hurlin, 2012).

Results from the DH panel causality test reveal that nearly all 
variables are connected to each other with statistically significant 
bidirectional causal relationships, denoting persistent and strong 
dynamic interdependencies. In particular, information technology as a 
DT is found to Granger cause SD and vice-versa, pointing toward a 
mutual feedback relationship. Also, the EU Granger causes SD; on the 
other hand, SD Granger causes EU, thus suggesting a bounce feedback 
loop between environmental policy and energy behavior (Feedback 
loop interacts between environmental policy and energy behavior). 
Likewise, FDI directly causes SD but it is also affected by SD, revealing 
their mutual interdependence in sustainability. Thus, DTS could 
be Granger-caused by energy use, signifying the other side of the coin. 
On the other hand, FDI and DTS do not display a causal relationship, 
in either direction, with no significant causality between them 
(Khurshid et al., 2020; Imran et al., 2024). Moreover, FDI Granger 
causes EU, while the reverse does not occur, indicating that there is a 
one-way impact of capital inflow onto energy dynamics but not the 
other way around. The results show that the system remains tightly 

TABLE 4 Unit root tests result.

Variable ADF DFGLS KPSS PP

I (0) I (1) I (0) I (1) I (0) I (1) I (0) I (1)

SD −1.9861 −6.59890 −1.73036 −6.6587 0.1519 0.09921 −2.03948 −6.5983

p-value 0.2917 0.000*** 0.0903 0.0124*** 0.2199 0.0152*** 0.2696 0.000***

DTS −1.1778 −6.23331 −0.89576 −6.30312 0.2366 0.12402 −1.27334 −6.2326

p-value 0.6764 0.005*** 0.375 0.000*** 1.2323 0.0034*** 0.6343 0.000***

EU −1.86247 −9.12181 −1.77799 −4.81952 0.1529 0.65039 −1.66725 −9.2580

p-value 0.3467 0.000*** 0.082 0.000*** 0.739 0.0093*** 0.441 0.000***

FDI −3.3964 −8.2097 −2.81180 −7.09023 0.06466 0.34807 −3.51867 −8.2126

p-value 0.0883 0.0062*** 0.0072*** 0.000*** 0.8292 0.000*** 0.017*** 0.000***

***, **, * shows 1, 5, and 10%, respectively.

TABLE 5 Johansen co-integration assessment results.

Hypothesized Trace test

No. of CE(s) Eigenvalue Statistic Critical value Prob.**
None* 0.5966890 71.4455800 47.8561300 0.0001000

At most 1* 0.4589770 33.3076100 29.7970700 0.0189000

At most 2 0.1636740 7.5073210 15.4947100 0.5195000

At most 3 0.0000093 0.0003890 3.8414660 0.9862000

At most 4 0.1082190 4.7533470 15.4947100 0.8344000

At most 5 0.0290750 0.9737040 3.8414660 0.3238000

Hypothesized Max Eigenvalue test

No. of CE(s) Eigenvalue Statistic Critical value Prob.**
None* 0.5966890 38.1379700 27.5843400 0.0015000

At most 1* 0.4589770 25.8002900 21.1316200 0.0102000

At most 2 0.1636740 7.5069320 14.2646000 0.4310000

At most 3 0.0000093 0.0003890 3.8414660 0.9862000

At most 4 0.1122190 3.7796430 14.2646000 0.8818000

At most 5 0.3220750 0.9737040 3.8414660 0.3238000

***, **, * shows 1, 5, and 10%, respectively.

TABLE 6 Fully modified least square results.

Variable Coefficient Std. 
error

t-statistic Prob.

DTS 0.415733* 0.124447 3.340646 0.0017

UE −6.26E−05** 3.18E−05 −1.964938 0.0558

FDI 0.265935* 0.093607 2.840981 0.0068

Constant −2.40E+00** 9.97E−01 −2.40913 0.0203

R2 0.659190 – – –

S. E. of 

regression

6.41E-01 – – –

Long-run 

variance

9.74E-01 – – –

***, **, * shows 1, 5, and 10%, respectively.
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coupled with energy, digital and investment systems jointly contributing 
to sustainable development pathways (Salahuddin and Alam, 2016).

5 Discussion

This study investigates the relationships among DT, FDI, the EU, 
and SD in KSA and the UAE from 2000 to 2023. The findings provide 
significant insights into the interaction of economic, technical, and 
sustainability aspects in resource economies. The variables have a 
normal distribution, as indicated by descriptive statistics, 
notwithstanding slight skewness in the FDI and the EU values. The 
correlation matrix indicates a substantial positive association between 
SD and DTS (r = 0.737), as well as between SD and FDI (r = 0.626), 
demonstrating that enhanced digital infrastructure and capital inflows 
are linked to sustainability. The diminished association between EU and 
SD (r = 0.486) suggests a more intricate or indirect influence of energy 
use on sustainability. The outcomes of unit root tests (ADF, DFGLS, 
KPSS, and PP) indicate that the variables are integrated of order one, 
signifying non-stationarity and necessitating co-integration; hence, first 
differencing is the suitable transformation method (Table  1). The 
Johansen co-integration test indicates the presence of at least two 
statistically significant co-integrating equations, providing evidence of a 
long-run equilibrium connection among the variables examined. The 
findings endorse using DTS and/or FDI in sustainability models over an 
extended duration. The FMOLS regression results provide robust 
empirical validation for the theoretical assumptions. Digital 
transformation (β = 0.415, p < 0.01) is the most influential variable 
enhancing sustainable development, underscoring the importance of 
digital ecosystems in advancing resource efficiency, innovation, and 
governance. FDI exerts a substantial positive influence (β  = 0.266, 
p < 0.01), highlighting the role of foreign capital in the dissemination of 
green technology, job creation, and economic diversification. The 
impact of energy consumption is minimal (β = −0.00006, p = 0.055) and 
statistically insignificant, implying that the kind of energy utilised or its 
efficiency may be more significant than the quantity of energy expended. 
The study reveals a mutual feedback relationship between DT and SD in 
the context of environmental policy and energy behavior. FDI directly 

causes SD but is also affected by SD, indicating their mutual 
interdependence in sustainability. However, FDI and DTS do not display 
a causal relationship in either direction, with no significant causality 
between them. FDI Granger causes EU, while the reverse does not occur, 
indicating a one-way impact of capital inflow onto energy dynamics. The 
results show that the system remains tightly coupled with energy, digital, 
and investment systems, jointly contributing to sustainable development 
pathways. This indicates that sustainability policies can influence 
appropriate energy consumption behaviors. The results suggest that 
energy consumption remains essential; nonetheless, it is digitalization 
and foreign direct investment upon which Gulf nations rely for 
sustainable growth. This dual causation indicates that synchronizing 
policy actions with the continuous development of digital capabilities is 
essential for achieving enduring sustainability advantages. The 
distinctions are significant for aligning economic growth with the 
environmental objectives of Vision 2030 for the sustainable development 
of Saudi Arabia and the UAE, hence accepting H1, H2, and H3.

5.1 Study limitations and future directions

Constraints of the research about the impact of Foreign Direct 
Investment on sustainable economic growth in the Kingdom of 
Saudi Arabia. The primary constraint is its reliance solely on secondary 
data sources (e.g., the World Bank), which may constrain the depth and 
specificity of the research. Robustness may be enhanced if further 
research integrates more granular sectorial data or does micro-level 
analysis to examine the effects of FDI on specific industries. The 
current study overlooks significant factors influencing growth, such as 
institutional quality and domestic economic reforms, which may not 
have remained consistent or easily measurable during this period or 
among different nations, unlike economic growth. Integrating these 
aspects in the future may enhance the capacity to discern the 
ramifications of internal governance and external market signals for 
FDI. Consequently, the environmental aspect of sustainability, a crucial 
component of the KSA Vision 2030 policy, remains inadequately 
explored. Subsequent studies ought to investigate how foreign direct 
investment affects environmental outcomes, including case studies, 
qualitative analysis, or firm-level surveys. These methodologies would 
improve the comprehension of FDI and its impacts, especially 
regarding the transformation of spillover effects at critical periods and 
the transition of employment and economic restructuring from 
non-oil industries.
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TABLE 7 Dumitrescu-hurled causality (DH) test results.

Null hypothesis F-statistic Prob.

DTS does not Granger Cause SD 5.17314** 0.0307

SD does not Granger Cause DTS 2.39424*** 0.0491

EU does not Granger Cause SD 7.01624*** 0.0044

SD does not Granger Cause EU 3.89144** 0.0184

FDI does not Granger Cause SD 4.93774** 0.0126

SD does not Granger Cause FDI 2.36046** 0.0268

EU does not Granger Cause DTS 1.40969** 0.0473

DTS does not Granger Cause EU 2.49719** 0.0159

FDI does not Granger Cause DTS 0.23763 0.9429

DTS does not Granger Cause FDI 0.80683 0.5534

FDI does not Granger Cause EU 4.26033*** 0.0044

EU does not Granger Cause FDI 0.44555 0.8133

*, **, *** shows 1, 5, and 10%, respectively.
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