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Abstract

A strong transportation infrastructure is critical in advancing ICT trade by facilitating the
efficient movement of goods and services. This efficiency enhances supply chains and
attracts greater foreign direct investment, ultimately supporting technological development
and boosting the economy. This article evaluates the relationship between transportation
infrastructure (TI), information and communication technology trade openness (ICT trade),
foreign direct investment (FDI), and economic growth (GDP) in Saudi Arabia from 1990 to
2023. Using the Autoregressive Distributed Lag (ARDL) model, we found that ICT trade
has a statistically significant positive effect on long-run GDP growth. However, in the short
run, ICT trade has a positive but non-significant impact on GDP growth. Additionally, the
results show that TI has a statistically significant negative effect on short-run GDP growth.
Moreover, the non-linear Threshold Regression model results show a threshold value for
information and communication technology trade openness (ICT trade) of approximately
0.4051. Specifically, the findings indicate that increased ICT trade reduces the negative
impact on economic growth beyond a certain threshold. This study is highly significant for
Saudi Arabian decision-makers, as it highlights the roles of transportation infrastructure
and ICT trade in attracting FDI and bolstering the economy.

Keywords: transportation infrastructure; ICT trade; FDI; economic growth; ARDL; nonlinear
threshold regression; Saudi Arabia

1. Introduction
Transport infrastructure plays a fundamental role in a country’s economic develop-

ment by facilitating the mobility of people and goods, reducing production and transaction
costs, and enhancing overall economic competitiveness. Solid transport systems improve
the smooth movement of goods, services, and labor across regions, thereby improving pro-
ductivity and supporting economic integration. Likewise, Mohmand et al. (2017) showed
that advanced transport infrastructure plays a major role in economic growth by promoting
connectivity and optimal use of knowledge and communication resources.

Transport infrastructure, including roads, railways, ports, and airports, is a vital com-
ponent of business operations, easing labor mobility and improving supply chain efficiency.
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Efficient transport systems also facilitate the movement of goods across domestic and
international markets, thereby reducing logistics costs and improving business efficiency.
Furthermore, modern transport networks can attract foreign investment by facilitating
market access and lowering operating costs for businesses. According to Alstadt et al.
(2012), improved transportation networks increase the efficiency of moving goods, services,
and labor, directly contributing to higher productivity.

The Kingdom of Saudi Arabia has adopted a strategy to diversify its economy, reduce
its dependence on oil revenues, expand income sources, and enhance competitiveness.
Within this framework, Saudi Vision 2030, launched in 2016, is a national strategy aimed at
diversifying the economy away from oil, enhancing private-sector participation, developing
modern infrastructure, and attracting foreign investment to support sustainable economic
growth. Enhancing transport infrastructure and networks has become a key policy focus
for the Kingdom. Investments in roads, railways, ports, and airports are intended to
improve logistical efficiency, facilitate trade, and support the development of key sectors,
including tourism, manufacturing, and logistics. As indicated by Kumar and Albashrawi
(2022), these significant infrastructure developments highlight Saudi Arabia’s commitment
to strengthening its economic competitiveness and integrating more effectively into the
worldwide economy.

Human capital formation and development, trade openness, and institutional quality
are important determinants of economic development. However, new economic structural
transformations have focused on advanced infrastructure, particularly digital infrastructure,
foreign direct investment, and digital trade to boost productivity and achieve economic
diversification. Saudi Arabia aims to achieve a comprehensive economic transformation
through ongoing reforms and significant investments in digital infrastructure and ICTs
to support innovation and e-commerce, all of which are designed to bolster long-term
economic growth.

In this context, endogenous growth theory underscores the importance of technological
progress, knowledge diffusion, and international investment as major contributors to long-
term economic growth (Lucas, 1988; Romer, 1990; Aghion & Howitt, 1990).

Foreign direct investment is widely recognized as a principal channel through which
recipient economies benefit from technology transfer, managerial skills, and greater integra-
tion into global markets. Empirical investigations show that FDI can stimulate economic
growth by enhancing productivity, creating employment opportunities, and strengthening
industrial capacity (Qazi et al., 2017). In parallel, the expansion of information and com-
munication technology (ICT) trade has become an important factor of modern economic
development, facilitating digital connectivity, improving market efficiency, and support-
ing innovation. As mentioned by Asongu and Nwachukwu (2018), the development of
digital infrastructure and ICT-related activities can attract foreign investment and reduce
operational costs associated with international production and trade.

Several studies have examined the relationship between infrastructure development
and economic growth in distinct economic conditions. However, limited attention has been
paid to the joint interactions among transportation infrastructure, ICT trade, and foreign
direct investment in shaping economic growth, particularly in Saudi Arabia. Despite the
country’s ongoing economic transformation and its strategic focus on infrastructure and
digital development, empirical evidence on how these factors interact to influence economic
growth remains insufficient.

The transport infrastructure variable was chosen due to its crucial role in improving
market connectivity, reducing transaction costs, and enhancing productivity across various
sectors. The ICT trade variable was included because of its importance in knowledge
dissemination, its support for innovation, and its role as an indicator of technological

https://doi.org/10.3390/economies14040136

https://doi.org/10.3390/economies14040136


Economies 2026, 14, 136 3 of 19

openness and digital advancement. The FDI variable was also added because it contributes
to increased capital inflows and the transfer of managerial and technological expertise,
which, in turn, supports economic development. Finally, PM2.5, a proxy for fine particulate
matter emissions, was selected to examine the long-term negative effects of environmental
degradation on labor productivity.

Whilst human capital is generally accepted as a crucial factor in economic progress,
this investigation concentrates on structural and external elements such as infrastruc-
ture, ICT trade, and FDI, which are highly backed by both neoclassical and endogenous
growth models and are especially significant in the context of Saudi Arabia’s ongoing
economic transformation.

Therefore, this study aims to examine the dynamic relationship between transporta-
tion infrastructure, ICT trade, foreign direct investment, and economic growth in Saudi
Arabia over the period 1990–2023. By focusing on the Saudi economy, which is currently
undergoing a major structural transformation within the framework of Saudi Vision 2030,
this research aims to provide new empirical insights into the roles of infrastructure, digital
trade, and international investment in supporting long-term economic development.

This research adds to the existing literature in multiple aspects. First, to the best of
our knowledge, it is among the first studies to empirically examine the interaction between
transportation infrastructure, ICT trade, and foreign direct investment in elucidating eco-
nomic growth in Saudi Arabia. Second, unlike many past investigations that rely on linear
econometric models, this study employs both the Autoregressive Distributed Lag (ARDL)
model and a Threshold Regression model. This approach enables the capture of both linear
and nonlinear relationships among the variables. Third, the empirical findings reveal a
threshold effect in the relationship between ICT trade and economic growth, suggesting
that the positive contribution of ICT trade becomes significant only after a certain level of
development is reached. These results offer valuable insights for policymakers seeking to
strengthen economic diversification and improve infrastructure and digital capabilities in
Saudi Arabia.

Section 2 reviews the relevant literature. Section 3 describes the data, variables, and
methodological framework used in the analysis. Section 4 presents the empirical results,
while Section 5 discusses the findings. Finally, Section 6 offers conclusions and concrete
policy recommendations for Saudi policymakers.

2. Literature Review and Development of Hypotheses
Understanding neoclassical and endogenous growth theories of factors influencing

economic growth is centered within the traditional framework. Solow (1974) focused
on capital accumulation, labor, and technological progress as key drivers of long-term
economic growth. However, in response to rapid global economic changes, traditional
growth frameworks have been adapted to include more structural and technological factors.
Romer (1990) highlights the need to update the approach used in economic advancement.
Developments in endogenous growth theory have also shown the importance of knowledge
accumulation, innovation, and technology diffusion in achieving sustainable economic
success. Empirical contributions, such as Aschauer (1989) and Calderón and Servén (2010),
have demonstrated that developing basic infrastructure is vital for supporting economic
progress by improving market connectivity, reducing transaction costs, and boosting pro-
ductivity. Moreover, empirical evidence indicates that FDI supports economic development
by transferring managerial expertise, new technologies, and capital. This contribution
depends on the readiness of recipient countries (Borensztein et al., 1998; Alfaro et al.,
2004). Simultaneously, the role of trade in information and communication technology
has become an important driver of growth by spreading technology and innovation, fa-
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cilitating knowledge diffusion, enhancing business operations, increasing demand, and
lowering production costs (Freund & Weinhold, 2004; Vu, 2011; Chukwuemeka Ogugua,
2024). Additionally, human capital is an effective element in economic growth, as it sup-
ports productivity and contributes to the assimilation of new technologies. Furthermore,
environmental quality is gaining recognition as an element of the production function
(Solow, 1974; Dasgupta & Heal, 2013), as environmental degradation negatively influences
productivity through its impact on human health (Hallegatte et al., 2012).

Based on these theoretical and empirical findings, studies have focused on the role of
transport infrastructure in fueling economic growth.

2.1. The Nexus Between Transportation Infrastructure and Economic Growth

Many studies point to a link between the transportation sector and economic growth.
For example, Maparu and Mazumder (2017) examined different transportation infrastruc-
ture sectors in India between 1990 and 2011 using different econometric techniques. They
found that there is a long-term relationship between transportation infrastructure and the
country’s economic development. Similarly, Banerjee et al. (2020) estimated the impact
of transportation networks on economic growth in China over 30 years of rapid income
growth. The authors found that transportation networks have a moderately significant
positive causal effect on GDP levels in all sectors, but no effect on GDP growth. Further-
more, Ghosh and Dinda (2022) analyzed the relationship between transport infrastructure
and economic growth in India from 1990 to 2017 using multivariate dynamic models.
The results showed that road and air transport made significant positive contributions to
long-term economic growth, while rail transport had no significant impact. In addition,
Zhu et al. (2022) investigated the relationship between transport and economic growth in
31 provinces and municipalities in China from 1980 to 2015 using Granger causality. The
authors identified a bidirectional causal relationship between transportation and economic
development in China. Zhang and Cheng (2023) used various techniques to examine the
relationship between the development of transport infrastructure and economic growth in
the UK between 1970 and 2017. The authors pointed out that transportation infrastructure
had a long-term positive effect on economic development. Mohmand et al. (2017), for
example, tested the relationship between transport infrastructure and economic growth in
Pakistan from 1982 to 2010 using various econometric methods. Their findings identify a
unidirectional causal relationship from economic growth to transportation infrastructure
in the long run, indicating that greater economic prosperity tends to stimulate greater
infrastructure investment.

In the same line of research, Mohmand et al. (2021) examined the relationship among
transportation infrastructure, economic growth, and transportation emissions in Pakistan
from 1971 to 2017 using various econometric techniques. The authors found a short-term
causality between transportation infrastructure and economic growth. The results also
showed a bidirectional link between economic growth and infrastructure in the long run.
Furthermore, Alam et al. (2021) analyzed the causal relationship between transport in-
frastructure and economic development in Pakistan from 1971 to 2017 using ARDL and
VECM. The results indicated a unidirectional long-term causality between transportation
infrastructure and economic development. In addition, Wang et al. (2021) used different
statistical methods for China from 2000 to 2017. They showed that logistics infrastructure
supported the economy and international trade in the long run, particularly through mar-
itime transport. Various cross-country studies have confirmed the importance of transport
infrastructure in economic growth. For example, Farhadi (2015) studied a sample of 18
OECD countries from 1870 to 2009 and found that improvements in transport infrastructure
increased labor productivity and total factor productivity, thereby supporting long-term
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economic growth. Likewise, Park et al. (2019) examined the roles of maritime, land, and air
transport in both OECD and non-OECD regions and found that transportation infrastruc-
ture, particularly maritime transport, contributed significantly to economic progress across
countries. Furthermore, Maciulyte-Sniukiene and Butkus (2022) indicated that investment
in distinct infrastructure sectors, such as transport, ICT, and energy, significantly boosted
economic growth in European Union countries from 2000 to 2019.

Moreover, the authors found that the association between air transportation infras-
tructure and economic development was not statistically significant in either the long or
the short run.

In Saudi Arabia, Pawar (2019) examined the causal relationships between innovative
road transportation infrastructure and economic growth from 1989 to 2018 using a VAR
model. The results indicated a unidirectional causal effect from real GDP on transportation
infrastructure. Additionally, Alotaibi et al. (2022) employed GMM models to investigate
the effect of substantial transportation investments on the Kingdom of Saudi Arabia’s gross
domestic product between 1999 and 2018. They showed a positive relationship between
GDP growth and transportation. Yousif (2023) examined the relationship between road
land and economic growth in Saudi Arabia from 1988 to 2017 and used a VAR model to
analyze this relationship. The results indicated unidirectional causality from real GDP to
roads. While some research found that economic growth drove infrastructure development,
other research emphasized the role of transportation infrastructure as a primary driver of
economic performance. These mixed results indicated that the relationship may be more
complex and potentially nonlinear. Simultaneously, multiple studies suggested that this
relationship might also be bidirectional, where economic growth can affect infrastructure
development, suggesting the existence of potential reverse causality.

These conflicting results motivated further empirical investigation into the nature of
this relationship. Specifically, the possibility of nonlinear dynamics between transportation
infrastructure and economic growth requires further research.

Hypothesis 1. Transportation infrastructure has a nonlinear effect on economic growth in
Saudi Arabia.

2.2. The Nexus Between ICT Trade, FDI, and Economic Growth

Empirical studies confirmed the positive effects of ICT trade and foreign direct invest-
ment on economic growth. These studies emphasized that developing telecommunications
infrastructure was key to stimulating productivity and economic growth. For example,
Hassan (2005) used the pool estimation technique to examine the relationship between
foreign direct investment, information technology, and economic growth in the MENA
region from 1980 to 2001. The author found that economic growth and FDI were related
to several macroeconomic, ICT, and globalization variables. In addition, Koutroumpis
(2009) examined the relationship between ICT and economic growth across 15 European
Union countries, using data from 2003 to 2006 and a simultaneous approach. The authors
showed that the impact of ICT on economic growth was positive and statistically significant.
Similarly, Aghaei and Rezagholizadeh (2017) examined the impact of ICT on economic
growth in some countries from 1990 to 2014 using a panel approach. The results showed a
significant positive effect of ICT investment on economic growth in these countries. Latif
et al. (2018) analyzed the dynamics of ICT, foreign direct investment, globalization, and
economic growth from 2000 to 2014 using various econometric techniques. The authors
found long-run elasticities between ICT and economic growth, suggesting that ICT con-
tributed positively to economic growth. They also found that foreign direct investment
and globalization had a long-term impact on economic growth. Bidirectional causality was
found among GDP growth and FDI, globalization and economic growth, and trade and

https://doi.org/10.3390/economies14040136

https://doi.org/10.3390/economies14040136


Economies 2026, 14, 136 6 of 19

economic growth. Bahrini and Qaffas (2019) analyzed the impact of ICT on the economic
growth of 45 developing countries from 2007 to 2016 and showed positive and statistically
significant effects. Bhujabal and Sethi (2020) examined the relationship between foreign di-
rect investment, information and communication technology, trade, and economic growth
in some Asian countries from 2000 to 2017. The authors found unidirectional causality
from FDI to ICT and bidirectional causality from trade to ICT. Additionally, cross-country
evidence also confirms ICT’s contribution to economic performance. For instance, Cheng
et al. (2021) examined panel data from various countries and found that ICT diffusion
boosted economic growth, particularly when it interacts with other economic factors such as
financial development. Belloumi and Touati (2022) investigated the impact of FDI and ICT
on the economic growth of some Arab countries from 1995 to 2019. The results suggested
that ICT and FDI had positive and significant effects on economic growth in the long run,
and that ICT indicators also had positive effects on FDI inflows in the long run. Similarly,
Soomro et al. (2022) examined the dynamic relationship between FDI, ICT, trade openness,
and economic growth in BRICS countries from 2000 to 2018 using the GMM model. The
study concluded that ICT had a positive impact on economic growth in some countries,
whereas trade openness and FDI had negative effects. Iqbal et al. (2023) analyzed the role
of information and communication technology, trade, and foreign direct investment in
promoting sustainable economic growth for several countries in 1990 and 2020. The results
indicated that the interaction terms between ICT and trade, as well as between ICT and
foreign direct investment, accelerated economic growth. They also showed a positive and
significant relationship between trade and economic growth. The findings also indicated a
positive and significant impact on FDI and its influence on long-term economic growth.

For Saudi Arabia, only a few studies have examined the dynamic relationship between
transportation infrastructure, ICT trade, FDI, and economic growth. For example, Mahran
and Al Meshall (2014) analyzed the impact of FDI and trade on Saudi Arabia’s growth in
1970–2010 using different methodologies. The results suggested that trade openness and in-
frastructure were important determinants of long-term growth in Saudi Arabia. In contrast,
the findings indicated that foreign direct investment and domestic private investment had
a negative impact on real GDP in Saudi Arabia during the study period. In general, earlier
research indicated that ICT development and foreign direct investment played significant
roles in economic development across countries. Empirical analyses across developed and
developing economies generally suggest that ICT development enhanced productivity
and promoted international trade. In contrast, foreign direct investment contributed to
technology transfer, capital accumulation, and integration into global markets.

The literature also confirmed that the impact of FDI on economic performance
was mixed and may operate through various means, including technology spillovers,
vertical and horizontal linkages between foreign and domestic firms, and the absorp-
tive capacity of the local economy (Borensztein et al., 1998; Crespo & Fontoura, 2007;
Iršová & Havránek, 2013).

Nevertheless, the empirical results remain mixed, as the magnitude and direction
of these impacts often depend on local factors such as institutional quality, technological
readiness, and the local economy’s absorptive capacity. Furthermore, only a few studies
have tested these relationships simultaneously in the context of Saudi Arabia. Consequently,
further empirical examination is needed to better understand the combined and potentially
nonlinear effects of ICT trade and foreign direct investment on economic growth.

Hypothesis 2. ICT trade and foreign direct investment have a nonlinear effect on economic growth
in Saudi Arabia.
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3. Empirical Strategy
3.1. Model Specification

The model draws on the theoretical and empirical literature, which underscores the
roles of transportation infrastructure, ICT trade, FDI, and environmental factors as drivers
of economic growth.

Therefore, the empirical model is intended to capture the connection among these
variables in one framework.

The basic empirical model can be identified as follows:

GDPt = β0 + β1TIt + β2 ICT Tradet + β3FDIt + β4PM2.5t + εt (1)

where:

GDPt represents GDP growth variable;
TIt represents the transportation infrastructure variable;
ICT Tradet represents information and communication technology trade openness variable;
FDIt represents foreign direct investment variable;
PM2.5t represents a variable that captures environmental quality (matter air pollution);
β1, β2, β3, and β4 represent coefficients that capture the marginal effects of the explanatory
variables on economic growth.
β0 represents the intercept term, capturing the baseline level of economic growth when all
explanatory variables are held constant.
ϵt is an error term.

To examine the relationships among the variables, this research employs two comple-
mentary econometric methods: the Autoregressive Distributed Lag Model and a nonlinear
threshold regression model.

3.2. Data

This empirical study assesses the relationships among transportation infrastructure,
ICT trade, FDI, PM2.5 air pollution, and economic growth in Saudi Arabia from 1990 to
2023. The study period was selected based on the availability of consistent, reliable data for
all variables. See Table 1 for details of the data used.

Table 1. Description of variables and data sources.

Variable Symbol Definition Data Source

Dependent variables Economic growth GDP Growth in GDP per capita (annual
percent) WDI

Independent variables

Transportation
infrastructure TI Transport services (% of service

exports, BoP) WDI

Technology trade
openness ICT trade

Information and communication
technology trade openness. Combined
information and communication
technology (ICT) exports and imports
as a percentage of total goods exported
and imported.

WDI

Foreign direct
investment FDI Foreign Direct Investment net inflows

(% of GDP) WDI

PM2.5 PM2.5 PM2.5 air pollution, mean annual
exposure (micrograms per cubic meter) WDI

Note: All variables are defined by the authors based on the literature, and data are obtained from the sources
indicated in the table.
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3.3. Econometrics Methodology
3.3.1. ARDL Approach

To examine the relationship between transportation infrastructure, ICT trade, foreign
direct investment (FDI), PM2.5 air pollution, and economic growth in Saudi Arabia, this
study employs the Autoregressive Distributed Lag Model developed by Pesaran and Shin
(1995) and Pesaran et al. (2001). This econometric approach is suitable for analyzing both
long-run and short-run relationships among variables when the underlying time series
are integrated of order I (0) or I (1), but not I (2). In addition, the ARDL framework is
particularly appropriate for small samples, making it well-suited to the present study.

Although reverse causality cannot be entirely excluded, the ARDL approach con-
tributes to minimizing endogeneity concerns.

The ARDL model combines an autoregressive (AR) structure with distributed lags of
the explanatory variables. It can be formally expressed as follows:

∆GDPt = α0 + ∑P
i=1 βi∆GDPt−i + ∑

q1
i=0 γi∆TIt−i + ∑

q2
i=0 δi∆ICT Tradet−i + ∑

q3
i=0 ∅i∆FDIt−i + ∑

q4
i=0 θi∆PM2.5t−i

+λ1GDPt−1 + λ2TIt−1 + λ3 ICT Tradet−1 + λ4FDIt−1 + λ5PM2.5t−1 + εt
(2)

where:

∆ indicates the first difference operator;
P, q1, q2, q3, q4 indicate the optimal lag lengths of the variables;
λ1, λ2, λ3, λ4 are coefficients that capture the long-run relationships among the variables;
εt is the error term.

The model is based on the empirical growth literature, emphasizing the importance of
infrastructure, foreign investment, technology, and environmental factors as key drivers
of economic performance. Nevertheless, linear models may not fully capture nonlinear
relationships among variables.

The optimal lag length is determined using standard information criteria, and the
Bounds Testing approach is applied to test for the presence of a long-run relationship
between the variables.

3.3.2. Non-Linear Threshold Regression

The linear specification of economic growth models is widely used; however, the
ARDL model indicates that the effects of variables on economic growth may differ across
the short and long term. Indeed, most results indicate mixed and unstable effects across
the period studied, both in the short and long term. For this reason, this study shifts from a
linear analysis based on ARDL models to a series of empirical tests of the nonlinear effects
of ICT trade on economic growth using the Nonlinear Threshold Regression approach.

Consequently, we reformulate our equation, which becomes:

(GDPt = β1
0 + β1

1TIt + β1
2 ICTtradet + β1

3FDIt + β1
4PM2.5t)× d(ICTtradet−1 ≤ γ) + β2

0 + β2
1TIt + β2

2 ICTtradet

+β2
3FDIt + β2

4PM2.5t)× d(ICTtradet−1 > γ) + µt
(3)

The threshold regression model used in this research follows Hansen’s (1999) method,
which allows estimation of endogenous threshold effects and identification of different
regimes based on the threshold variable’s level. The threshold value is fixed endogenously,
enabling the detection of multiple regimes based on the ICT trade level. The ICT trade
variable was chosen as an appropriate proxy for regime-dependent nonlinear effects on
economic growth. This selection is driven by the idea that the effects of ICT trade on
economic growth depend on the level of ICT trade, reflecting varying absorption capacities
and levels of digital integration.
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The fundamental rationale is that the economic impact of infrastructure evolution and
foreign investment varies across tech readiness levels. When ICT trade is low, this may lead
to difficulty in accessing digital technologies and a lack of integration in global information
and communication technology networks and, consequently, the economy’s inability to
absorb investments and effectively convert them into productive gains. However, when
the volume of ICT trade increases, this leads to the diffusion of technology and digital
interconnection and the integration of ICT, infrastructure, and capital flows, contributing to
economic growth.

This argument aligns with the literature proposing that ICT diffusion increases in-
vestment growth impacts and drives productivity gains (Sassi & Goaied, 2013; Nguyen
et al., 2022). In other words, the ICT trade reflects a structural aspect of the economy that
affects the passage between different growth regimes. This selection is especially significant
given the context of Saudi Arabia, where continuous economic adjustments and the Vision
2030 program focus on digital transformation and enhanced integration into the global
digital economy. Accordingly, the ICT trade not only works as a threshold variable within
the econometric framework but also shows significant economic differences that affect the
relationship between explanatory variables and economic growth.

4. Empirical Results
4.1. Descriptive Analysis

Table 2 describes the descriptive statistics of the variables used in the analysis. The
results demonstrate a clear contrast among the variables examined. GDP growth has a neg-
ative mean (−0.284) and high volatility (standard deviation of 3.622), indicating a general
trend of recession or low growth during the period, with significant fluctuations ranging
from −8.130 to 6.087. Likewise, ICT trade shows a negative mean (−0.337) and relatively
high dispersion (1.592), reflecting irregular and sometimes declining performance. Con-
trarily, FDI exhibits a positive mean (0.581) but considerable variability (1.029), indicating
generally favorable inflows but punctuated by episodes of disinvestment. TI and PM2.5
air pollution are distinguished by their stability and their systematically positive values
(respective means of 2.150 and 1.741), with very low standard deviations (0.171 and 0.049).
At the distributional level, the coefficients of skewness and kurtosis indicate distributions
that approach normality, as confirmed by the Jarque–Bera test, which yields probabilities
exceeding the 5% critical threshold.

Table 2. Descriptive statistics of the variables.

GDP Growth FDI ICT Trade TI PM2.5

Mean −0.284 0.581 −0.337 2.150 1.741
Median −0.741 0.367 −0.862 2.065 1.757

Maximum 6.087 3.296 2.447 2.501 1.818
Minimum −8.130 −1.307 −2.175 1.897 1.668
Std. Dev. 3.622 1.029 1.592 0.171 0.049
Skewness 0.016 0.687 0.343 0.558 −0.320
Kurtosis 2.378 3.528 1.561 1.949 1.805

Jarque–Bera 0.499 2.800 3.283 3.034 2.372
Probability 0.778 0.246 0.193 0.219 0.305

Sum −8.830 18.033 −10.471 66.671 54.000
Sum Sq. Dev. 393.600 31.797 76.127 0.882 0.072
Observations 31 31 31 31 31

Note: All descriptive statistics are calculated by the authors based on the study dataset.
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Table 3 displays the findings of the correlation matrix between the variables. The
results serve as a strong analytical tool that allows us to understand the connections between
distinct variables. The results indicate that GDP growth has a positive but weak association
with the other variables, with coefficients not exceeding 0.22. FDI also shows modest
correlations, mainly with transport infrastructure (0.23). In contrast, a strong positive
correlation exists between ICT trade and TI (0.94), implying relative complementarity
between technological diffusion and infrastructure evolution. These two variables are also
positively associated with air pollution (PM2.5), with coefficients close to 0.69. This implies
that technological and infrastructure progress, while helpful in many ways, can also have
significant adverse environmental impacts, a fact that should not be overlooked.

Table 3. Correlation matrix of the variables.

GDP Growth FDI ICT Trade TI PM2.5

GDP growth 1
FDI 0.168 1

ICT trade 0.127 0.191 1
TI 0.222 0.234 0.936 1

PM2.5 0.223 0.154 0.692 0.691 1
Note: The correlation coefficients are computed by the authors using the study dataset.

4.2. Series Stationarity

Table 4 presents the outcomes of the Augmented Dickey–Fuller (ADF) and Phillips–
Perron (PP) unit root test applied to the variables considered. The results show that all
variables become stationary after first differencing. Specifically, GDP growth, FDI, TI,
and PM2.5 are significant at the 1% level according to both tests, confirming their first-
order integration [I (1)]. ICT trade, for its part, exhibits stationarity in first difference,
statistically significant at the 10% level for both tests, also indicating first-order integration.
Overall, these results confirm that all the variables studied are first-order integrated [I (1)].
Consequently, the application of the ARDL model is appropriate, as this approach is suitable
for analyzing long-term and short-term links between mixed variables of dissimilar orders,
given that none of them is of order two [I (2)].

Table 4. Unit root tests of the variables.

Variables Series ADF PP

GDP growth Difference −5.150235 ***
0.0000

−15.2870 ***
0.0000

FDI Difference −4.4098 ***
0.0014

−14.3422 ***
0.0000

ICT trade Difference −2.7988 *
0.0697

−2.7403 *
0.0785

TI Difference −9.0286 ***
0.0000

−8.9673 ***
0.0000

PM2.5 air pollution Difference −8.9515 ***
0.0000

−9.8791 ***
0.0000

Note: ***, and * denote statistical significance at the 1% and 10% levels, respectively, indicating rejection of the
null hypothesis.

4.3. Selecting the Number of Lags

Table 5 presents the results for selecting the optimal number of lags in the model. The
Akaike Information Criterion (AIC), Final Prediction Error (FPE), Likelihood Ratio (LR), and
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Hannan–Quinn (HQ) criteria show that the optimal choice corresponds to two lags (lag = 2).
At the same time, the Schwarz Criterion (SC) selects a single lag (lag = 1). Providing that
most criteria favor the two-lag option, this work selects lag = 2 as the optimal order for
estimating the ARDL model. Based on this result, the ARDL model is estimated using
two lags, which better capture short-term dynamics and ensure robust identification of
long-term relationships between variables.

Table 5. Lag length selection criteria.

Lag LogL LR FPE AIC SC HQ

0 −70.4912 NA 0.0001 5.2062 5.4420 5.2801
1 34.7378 166.9152 5.12 × 10−7 −0.3267 1.0876 * 0.1162
2 65.7449 38.49152 * 4.00 × 10−7 * −0.7410 * 1.8521 0.0711 *

Note: * indicates the lag order selected by the corresponding information criterion.

4.4. Bound Test Results

Table 6 presents the findings of the cointegration test using the bounds test of Pesaran
et al. (2001). The Fisher statistic is 6.114, which elevates the upper critical bound at the
1% threshold (5.06). The null hypothesis of no long-term association is therefore rejected.
These results confirm the existence of cointegration among GDP growth, FDI, ICT trade, IT,
and PM2.5.

Table 6. ARDL bounds test results for cointegration.

Model F-Statistic 6.114045

Significance level Critical Value
Lower bounds I (0) Upper bounds I (1)

10% 2.45 3.52
5% 2.86 4.01

2.5% 3.25 4.49
1% 3.74 5.06

Note: The F-statistic is compared with the lower I (0) and upper I (1) critical bounds to test for cointegration.

4.5. ARDL Short- and Long-Run Evaluation Results

Table 7 reports the estimated short-run and long-run coefficients obtained from the
ARDL model. In the short term, ICT trade positively impacts GDP growth, though the
impact is statistically insignificant. However, in the long term, ICT trade has a statistically
positive effect on GDP growth. Thus, a 10% increase in ICT trade increases GDP growth by
3.134%. The transportation infrastructure (TI) variable indicated a negative, but statistically
insignificant, impact in the long run. However, in the short term, TI (−1) has a statistically
significant negative effect on GDP growth. Thus, a 5% rise in TI reduces GDP growth
by 48.528. The results also showed that FDI has a positive but statistically insignificant
impact on economic growth in both the short and long term. Finally, the PM2.5 variable
has a negative, but statistically insignificant, effect on GDP growth in both the short and
long term.

It is crucial to indicate that these findings are aligned with the optimal ARDL
specification selected based on the Akaike Information Criterion (AIC), which indi-
cates that ICT trade and FDI enter the model without lagged terms, suggesting a
contemporaneous impact.
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Table 7. ARDL estimation results (short- and long-run).

Dependent Variable: GDP Growth

Coefficient Std. Error t-Statistic p-Value

Long-run results
FDI 0.255303 0.405780 0.629166 0.5360

ICT trade 3.134373 *** 1.810956 1.730783 0.0982
TI −22.777705 15.542374 −1.465523 0.1576

PM2.5 −0.936650 13.853171 −0.067613 0.9467
C 50.774190 49.475553 1.026248 0.3165

Short-run results
GDP (−1) −0.023269 0.197144 −0.118032 0.9072
GDP (−2) −0.415857 ** 0.198198 −2.098192 0.0482

FDI 0.367413 0.596475 0.615974 0.5445
ICT trade 4.510758 2.841503 1.587455 0.1274

TI 15.74835 10.00614 1.573869 0.1305
TI (−1) −48.52834 ** 21.51853 −2.255188 0.0349
PM2.5 −1.347957 19.96802 −0.067506 0.9468

C 73.07047 74.46484 0.981275 0.3376
CointEq (−1) −0.371 ** 0.159 −2.332 0.037

Breusch–Godfrey test 1.630 0.450
Heteroscedasticity test:

ARCH 7.783 0.009

R-squared 0.455080
Adjusted R-squared 0.273440

F-statistic 2.505399
CUSUM Stable

CUSUMSQ Stable
Note: *** and ** denote statistical significance at the 1% and 5% levels, respectively.

4.6. Robustness Tests

To ensure the robustness of the findings, robustness tests were performed, including
stability tests and alternative evaluation techniques.

The CUSUM and CUSUMSQ tests were first used to evaluate the model’s stability.
The CUSUM and CUSUMSQ tests are frequently presented in graphic form, as shown

in Figure 1a,b. The validity of the statistic must then be examined under the null hypothesis,
which shows the stability of the link curve in an interval (Brown et al., 1975) defined by
two straight lines.

In the context of time-series analysis, stability tests, such as structural change tests, are
used to examine the stability of the estimated coefficients in a model and to detect potential
structural breaks in the relationships between variables. In this regard, the CUSUM test
is employed to assess the stability of the model over time. The results indicate that the
CUSUM and CUSUMSQ curves remain within the critical bounds of the 5% confidence
interval. This finding suggests that the estimated model is stable and appropriate for
evaluating the relationship among the variables considered.

Furthermore, the Dynamic Ordinary Least Squares (DOLS) method was used to assess
the robustness of the long-run results.
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Figure 1. CUSUM and CUSUMSQ Stability Tests.

The findings presented in Table 8 reveal that the coefficients are not statistically
significant, but their signs remain broadly consistent with those obtained from the ARDL
model estimation, which provides additional support for the robustness of the results. In
general, robustness tests ensure that the key results of the investigation are stable and
consistent across various model specifications and techniques.

Table 8. Robustness check results using DOLS estimation.

Coefficient Std. Error t-Statistic p-Value

FDI 0.588 2.379 0.247 0.809
ICT trade 16.713 9.589 1.742 0.109

TI −131.586 78.525 −1.675 0.122
PM2.5 −32.048 57.292 −0.559 0.587

C 346.589 237.699 1.458 0.172
Note: The results are computed by the authors based on the study dataset.

4.7. Non-Linear Threshold Regression Model Results

Table 9 presents the test results for the presence of the threshold. Table 9 presents the
test results for the presence of a threshold. At the estimated threshold level, the values
of SSR, AIC, and BIC are minimized, with the ICT trade threshold estimated at 0.4051 for
m = 1.

Table 9. Threshold estimation results.

Order Optimal Threshold Value SSR AIC BIC

m = 1 0.4051 331.3184 97.4085 112.6721
Note: SSR denotes the sum of squared residuals. AIC and BIC refer to Akaike and Bayesian information
criteria, respectively.

The main findings of the non-linear Threshold Regression model are presented in
Table 10, with ICT trade acting as the threshold or transition variable. In the low regime,
ICT trade has a positive but not statistically significant effect on economic growth, with
a coefficient of 3.189. In the high regime, where ICT trade exceeds the 0.4 threshold,
the impact on economic growth is positive and significant, with a coefficient of 7.935.
Additionally, in regime 1, TI negatively and significantly influences GDP growth, with a
coefficient of −0.331. In the second regime, where ICT trade surpasses 0.405, the effect of
TI on GDP growth is positive and statistically significant, with a coefficient of 0.018. Also,
as shown in the same table, the marginal coefficient for FDI in regime 1 is 0.691, which
is positive but not statistically significant for economic growth. However, in regime 2,
FDI has a positive and significant impact on economic growth, with a coefficient of 1.694.
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Concerning PM2.5, the results indicate a negative and statistically significant effect on
economic growth in both regimes, with coefficients of −0.066 in the first regime and −0.011
in the second regime.

Table 10. Nonlinear threshold regression results.

Low Regime (ICT Trade ≤ 0.4051) High Regime (ICT Trade > 0.4051)

Coef. Std. Err. z-Statistic p-Value Coef. Std. Err. z-Statistic p-Value

TI −0.331 0.178 −1.85 0.064 * 0.018 0.018 1.89 0.058 *
ICT trade 3.189 1.684 −0.74 0.458 7.935 4.009 1.98 0.048 **

FDI 0.691 0.795 0.87 0.385 1.694 0.306 5.53 0.005 ***
PM_2.5 −0.066 0.0303 −2.174 0.046 ** −0.011 0.004 −2.25 0.019 **

Cons 50.069 39.361 1.27 0.203 −1.570 18.126 −0.09 0.931
Note: ***, **, and * denote statistical significance at the 1%, 5%, and 10% levels, respectively.

5. Discussion
The significant positive impact of ICT trade on long-run GDP growth is attributable

to the strengthening of innovation activities within higher education institutions and the
adoption of imported technologies, which increase patent registrations. These results
support Vision 2030, which aims to diversify the country’s economy, reduce its dependence
on oil, and develop its infrastructure, particularly in transportation and information and
communication technology. These results are consistent with a study by Soomro et al.
(2022), which shows a positive effect of ICT trade in some BRICS countries. Also, Alsabhan
and Tahir (2026) indicate a positive link between technology trade openness and economic
growth in the long run. Furthermore, Abdulgahni et al. (2014) highlighted that Saudi
Arabia’s substantial investments in ICT and infrastructure development have contributed
to GDP growth. Alzeer (2025) found that ICT trade supports organizational performance
and promotes economic productivity. According to Towards System-Level Reform through
National Skills Strategies (Alzahrani et al., 2025), investment in this sector creates new job
opportunities and enhances competitiveness across Saudi Arabia’s industrial and service
sectors. In contrast, Islam et al. (2024) reported mixed effects of the ICT sector on economic
growth in Saudi Arabia, which may be attributable to a lack of skilled personnel to use
this technology.

For the transport infrastructure sector, the negative short-term results have demon-
strated the sector’s weakness and its failure to support economic growth. This result is
consistent with Alam et al. (2021), who indicate that the role of infrastructure is influenced
by its efficiency and integration within the economy.

The results also indicate that the impact of FDI on the economy was weak, which may
be due to the concentration of foreign investment in the Kingdom in a few capital-intensive
sectors with limited capacity for job creation and knowledge transfer, such as oil, gas, and
petrochemicals. Additionally, foreign companies in the Kingdom exhibit limited integration
with the local economy and supply chains, as they import all their resources and labor from
abroad. These factors contribute to weak productivity growth and limited knowledge and
technology transfer, thus keeping the impact of FDI secondary. To enhance the contribution
of FDI to the Saudi economy, the Kingdom should offer more investment incentives to
attract foreign investors in non-oil sectors, including industry, technology, education, and
scientific research. In addition, exports should be encouraged, and international exhibitions
should be hosted to showcase local products.

Finally, the negative impact of PM2.5 on economic growth stems from Saudi Arabia’s
heavy reliance on the oil sector, which has led to increased pollution and adverse effects
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on human health, thereby increasing healthcare costs and reducing productivity. A World
Bank report indicated that pollution costs approximately 4.8% of global GDP.

In addition to the ARDL model results, which showed the existence of short and long-
term linear relationships among the variables, the threshold regression model revealed
important nonlinear dynamics, indicating that the role of ICT trade in economic growth is
linked to a critical level of digital integration.

The threshold findings show that the effect of ICT trade on economic growth is
conditional on achieving a specific level of technological advancements. For example,
when ICT trade is below the threshold of 0.405, its influence is limited, indicating sectoral
unpreparedness. However, once this threshold is exceeded, ICT trade has a positive impact
on economic growth, implying that greater digital integration improves productivity and
economic performance. The results also show that the effect of transport infrastructure
changes with ICT trade levels. In the low regime, when ICT trade falls below a threshold
of 0.405, transport infrastructure does not support economic growth, which may indicate
a mismatch between infrastructure and technological capabilities. However, in the high
regime, when ICT trade reaches the threshold, transport infrastructure becomes positively
associated with economic growth, reflecting the complementarity between infrastructure
growth and technological advancement. This outcome is consistent with Calderón and
Servén (2010), who emphasized the importance of infrastructure in supporting productivity
and economic performance.

Therefore, transport infrastructure can support economic growth by reducing transac-
tion costs, increasing market efficiency, and facilitating connectivity between production
and consumption areas. According to the Ministry of Finance report, the Kingdom of Saudi
Arabia’s government spending allocated to the infrastructure and transportation sector in
the 2025 budget was approximately SAR 42 billion. This spending was directed toward
the overall development of the transportation sector. Developing road, port, airport, and
railway networks is intended to improve supply chain efficiency and foster the competitive-
ness of the national economy, especially in non-oil districts such as tourism, logistics, and
industry, which is consistent with the objectives of Saudi Vision 2030 aimed at diversifying
the economy (Chattha et al., 2025). This, in turn, certainly brings sustainable economic
growth (OECD, 2020). Investing in transport infrastructure in Saudi Arabia can be a means
of achieving economic growth while simultaneously developing the ICT trade sector.

Furthermore, the results show that FDI is ineffective when ICT trade falls below this
threshold, indicating the weak indirect contribution of the digital commerce sector. Once
this sector surpasses this threshold, FDI supports economic growth. This explains why
improvements in the ICT trade sector enhance FDI participation in economic growth.

Environmental quality (PM2.5 air pollution) does not support economic growth in
either regime, demonstrating that particulate matter emissions pose a risk to human health
and, consequently, increase healthcare expenditures and reduce productivity. This negative
impact of PM2.5 persists even when ICT trade exceeds this threshold. This reflects the
fact that improvements in digital capabilities cannot enhance environmental quality unless
environmentally friendly technologies are introduced and environmental and economic
sustainability in the Kingdom is supported.

6. Conclusions and Policy Implications
The present study examined the relationship between transportation infrastructure,

ICT trade, FDI, environmental quality (PM2.5), and economic growth in Saudi Arabia for the
period 1990–2023. The results indicate the existence of linear and non-linear relationships,
demonstrating the complexity of growth dynamics in a changing economy.
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The findings indicate that ICT trade contributes to economic growth, particularly in
the long term, consistent with endogenous growth theory, which posits that technological
progress, innovation, and knowledge dissemination drive economic development. How-
ever, the results also show that the role of ICT trade in economic growth is not automatic but
rather contingent on the degree of technological progress and the capacity for adaptation.
Furthermore, the results of the nonlinear threshold regression model revealed that the effect
of ICT trade on economic growth becomes positive only after a certain threshold is crossed.

Furthermore, the findings suggest that the role of transportation infrastructure and FDI
depends on the level of technological advancement, indicating that coordination among
digitalization, investment, and infrastructure is necessary to promote sustainable economic
development. However, the continued adverse effects of PM2.5 underscore the importance
of transitioning toward environmental sustainability to support economic development.

Based on the results of this study, sensible policy recommendations are proposed.
Firstly, the focus should be on strengthening the ICT trade sector through digital exports,
the development of digital infrastructure, the introduction of advanced technologies, and
their adoption across sectors to exceed the expected threshold and thereby enhance the
Kingdom’s economic growth. Secondly, the study recommends developing transport in-
frastructure, improving investment efficiency, and implementing large-scale, high-quality
projects that serve other sectors and foster an environment conducive to attracting foreign
investment in sectors capable of generating new job opportunities, thereby supporting
economic growth. Finally, the environmental dimension must be addressed by main-
taining a balance between increased investment in environmentally friendly projects and
economic development.

Like any human effort, this study, regardless of its results, has limitations and is
subject to critique. For instance, it focused on just one country and involved a relatively
small sample size, which could restrict how broadly the findings apply. Additionally, it
did not include many common variables, such as human capital, institutional quality, and
trade openness.

This critique could open new avenues for future research. For example, expanding
the scope of the research to include countries like the Gulf Cooperation Council (GCC)
states or nations in the Middle East and North Africa (MENA) region could enhance the
robustness and generalizability of the results by adding more variables and employing
new techniques.
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Gulf economic update, June 2025: Smart spending, stronger outcomes—Fiscal policy for a thriving GCC. World Bank. [CrossRef]

Cheng, C.-Y., Chien, M.-S., & Lee, C.-C. (2021). ICT diffusion, financial development, and economic growth: An international
cross-country analysis. Economic Modelling, 94, 662–671. [CrossRef]

Chukwuemeka Ogugua, A. (2024). A theoritical and empirical literature on economic growth. Advanced Research in Economics and
Business Strategy Journal, 5(2), 7–16. [CrossRef]

Crespo, N., & Fontoura, M. P. (2007). Determinant factors of FDI spillovers–what do we really know? World Development, 35(3), 410–425.
[CrossRef]

Dasgupta, P., & Heal, G. (2013). The optimal depletion of exhaustible resources 1, 2. In Economics of natural & environmental resources
(Routledge revivals) (pp. 53–78). Routledge.

Farhadi, M. (2015). Transport infrastructure and long-run economic growth in OECD countries. Transportation Research Part A: Policy
and Practice, 74, 73–90. [CrossRef]

Freund, C. L., & Weinhold, D. (2004). The effect of the Internet on international trade. Journal of International Economics, 62(1), 171–189.
[CrossRef]

Ghosh, P. K., & Dinda, S. (2022). Revisited the relationship between economic growth and transport infrastructure in India: An
empirical study. The Indian Economic Journal, 70(1), 34–52. [CrossRef]

https://doi.org/10.3390/economies14040136

https://doi.org/10.25167/ees.2017.42.7
https://doi.org/10.1016/j.retrec.2020.100974
https://doi.org/10.1016/S0022-1996(03)00081-3
https://doi.org/10.1016/j.rtbm.2021.100702
https://www.irma-international.org/chapter/trade-openness-and-economic-growth-in-saudi-arabia/388980
https://www.irma-international.org/chapter/trade-openness-and-economic-growth-in-saudi-arabia/388980
https://doi.org/10.3141/2297-19
https://hdl.handle.net/10986/42811
https://doi.org/10.17654/0972361725051
https://doi.org/10.1016/0304-3932(89)90047-0
https://doi.org/10.1108/itp-02-2017-0033
https://doi.org/10.3390/economies7010021
https://doi.org/10.1016/j.jdeveco.2020.102442
https://doi.org/10.3390/su14106293
https://doi.org/10.1002/pa.2010
https://doi.org/10.1016/S0022-1996(97)00033-0
https://doi.org/10.1111/j.2517-6161.1975.tb01532.x
https://doi.org/10.1093/jae/ejp022
https://doi.org/10.1596/43355
https://doi.org/10.1016/j.econmod.2020.02.008
https://doi.org/10.52919/arebus.v5i02.60
https://doi.org/10.1016/j.worlddev.2006.04.001
https://doi.org/10.1016/j.tra.2015.02.006
https://doi.org/10.1016/S0022-1996(03)00059-X
https://doi.org/10.1177/00194662211063535
https://doi.org/10.3390/economies14040136


Economies 2026, 14, 136 18 of 19

Hallegatte, S., Heal, G., Fay, M., & Treguer, D. (2012). From growth to green growth—A framework. National Bureau of Economic Research.
Hansen, B. E. (1999). Threshold effects in non-dynamic panels: Estimation, testing, and inference. Journal of Econometrics, 93(2), 345–368.

[CrossRef]
Hassan, M. K. (2005). FDI, information technology and economic growth in the MENA region. 10th ERF paper. Available online:

http://www.mafhoum.com/press6/171T42.pdf (accessed on 21 February 2019).
Iqbal, K., Sarfraz, M., & Khurshid. (2023). Exploring the role of information communication technology, trade, and foreign direct

investment to promote sustainable economic growth: Evidence from Belt and Road Initiative economies. Sustainable Development,
31(3), 1526–1535. [CrossRef]

Iršová, Z., & Havránek, T. (2013). Determinants of horizontal spillovers from FDI: Evidence from a large meta-analysis. World
Development, 42, 1–15. [CrossRef]

Islam, M. S., Rehman, A. U., Khan, I., & Abdelrasuol, I. (2024). ICT and economic growth nexus in Saudi Arabia, controlling human
capital in the COVID-19 era: A NARDL exercise. SAGE Open, 14(2), 21582440241241883. [CrossRef]

Koutroumpis, P. (2009). The economic impact of broadband on growth: A simultaneous approach. Telecommunications Policy, 33(9),
471–485. [CrossRef]

Kumar, V., & Albashrawi, S. (2022). Quality infrastructure of Saudi Arabia and its importance for vision 2030. Mapan, 37(1), 97–106.
[CrossRef]

Latif, Z., Yang, M., Danish, Latif, S., Liu, X., Pathan, Z. H., Salam, S., & Zeng, J. (2018). The dynamics of ICT, foreign direct investment,
globalization and economic growth: Panel estimation robust to heterogeneity and cross-sectional dependence. Telematics and
Informatics, 35(2), 318–328. [CrossRef]

Lucas, R. E., Jr. (1988). On the mechanics of economic development. Journal of Monetary Economics, 22(1), 3–42. [CrossRef]
Maciulyte-Sniukiene, A., & Butkus, M. (2022). Does infrastructure development contribute to EU countries’ economic growth?

Sustainability, 14(9), 5610. [CrossRef]
Mahran, H. A., & Al Meshall, K. A. (2014). Bounds testing approach to cointegration: An examination of the impact of foreign direct

investment and trade on growth in Saudi Arabia, 1970–2010. Journal of Economics and International Finance, 6(11), 258.
Maparu, T. S., & Mazumder, T. N. (2017). Transport infrastructure, economic development and urbanization in India (1990–2011): Is

there any causal relationship? Transportation Research Part A: Policy and Practice, 100, 319–336. [CrossRef]
Mohmand, Y. T., Mehmood, F., Mughal, K. S., & Aslam, F. (2021). Investigating the causal relationship between transport infrastructure,

economic growth and transport emissions in Pakistan. Research in Transportation Economics, 88, 100972. [CrossRef]
Mohmand, Y. T., Wang, A., & Saeed, A. (2017). The impact of transportation infrastructure on economic growth: Empirical evidence

from Pakistan. Transportation Letters, 9(2), 63–69. [CrossRef]
Nguyen, T. P., Dinh, T. T. H., Tran Ngoc, T., & Duong Thi Thuy, T. (2022). Impact of ICT diffusion on the interaction of growth and its

volatility: Evidence from cross-country analysis. Cogent Business & Management, 9(1), 2054530. [CrossRef]
OECD. (2020). Transport bridging divides (OECD urban studies). OECD Publishing. [CrossRef]
Park, J. S., Seo, Y.-J., & Ha, M.-H. (2019). The role of maritime, land, and air transportation in economic growth: Panel evidence from

OECD and non-OECD countries. Research in Transportation Economics, 78, 100765. [CrossRef]
Pawar, P. S. (2019). A study of innovative transportation and its effects on economic growth of a nation—A case study of Saudi Arabia.

International Journal of Advanced Study, 2(9), 1–12. [CrossRef]
Pesaran, M. H., & Shin, Y. (1995). An autoregressive distributed lag modelling approach to cointegration analysis (Vol. 9514). Department

of Applied Economics, University of Cambridge. Available online: https://EconPapers.repec.org/RePEc:cam:camdae:9514
(accessed on 15 January 2026).

Pesaran, M. H., Shin, Y., & Smith, R. J. (2001). Bounds testing approaches to the analysis of level relationships. Journal of Applied
Econometrics, 16(3), 289–326. [CrossRef]

Qazi, A., Tamjidyamcholo, A., Raj, R. G., Hardaker, G., & Standing, C. (2017). Assessing consumers’ satisfaction and expectations
through online opinions: Expectation and disconfirmation approach. Computers in Human Behavior, 75, 450–460. [CrossRef]

Romer, P. M. (1990). Endogenous technological change. Journal of Political Economy, 98(5), S71–S102. [CrossRef]
Sassi, S., & Goaied, M. (2013). Financial development, ICT diffusion and economic growth: Lessons from MENA region. Telecommunica-

tions Policy, 37(4–5), 252–261. [CrossRef]
Solow, R. M. (1974). The economics of resources or the resources of economics. In Classic papers in natural resource economics (pp. 257–276).

Springer.
Soomro, A. N., Kumar, J., & Kumari, J. (2022). The dynamic relationship between FDI, ICT, trade openness, and economic growth:

Evidence from BRICS countries. The Journal of Asian Finance, Economics and Business, 9(2), 295–303. [CrossRef]
Vu, K. M. (2011). ICT as a source of economic growth in the information age: Empirical evidence from the 1996–2005 period.

Telecommunications Policy, 35(4), 357–372. [CrossRef]
Wang, C., Kim, Y.-S., & Kim, C. Y. (2021). Causality between logistics infrastructure and economic development in China. Transport

Policy, 100, 49–58. [CrossRef]

https://doi.org/10.3390/economies14040136

https://doi.org/10.1016/S0304-4076(99)00025-1
http://www.mafhoum.com/press6/171T42.pdf
https://doi.org/10.1002/sd.2464
https://doi.org/10.1016/j.worlddev.2012.07.001
https://doi.org/10.1177/21582440241241883
https://doi.org/10.1016/j.telpol.2009.07.004
https://doi.org/10.1007/s12647-021-00523-4
https://doi.org/10.1016/j.tele.2017.12.006
https://doi.org/10.1016/0304-3932(88)90168-7
https://doi.org/10.3390/su14095610
https://doi.org/10.1016/j.tra.2017.04.033
https://doi.org/10.1016/j.retrec.2020.100972
https://doi.org/10.1080/19427867.2016.1165463
https://doi.org/10.1080/23311975.2022.2054530
https://doi.org/10.1787/55ae1fd8-en
https://doi.org/10.1016/j.retrec.2019.100765
https://doi.org/10.5281/zenodo.3404917
https://EconPapers.repec.org/RePEc:cam:camdae:9514
https://doi.org/10.1002/jae.616
https://doi.org/10.1016/j.chb.2017.05.025
https://doi.org/10.1086/261725
https://doi.org/10.1016/j.telpol.2012.12.004
https://doi.org/10.13106/jafeb.2022.vol9.no2.0295
https://doi.org/10.1016/j.telpol.2011.02.008
https://doi.org/10.1016/j.tranpol.2020.10.005
https://doi.org/10.3390/economies14040136


Economies 2026, 14, 136 19 of 19

Yousif, G. M. A. (2023). Investigating the causal relationship between transportation infrastructure and economic growth: Empirical
evidence from Saudi Arabia. Current Aspects in Business, Economics and Finance, 9, 1–20. [CrossRef]

Zhang, Y., & Cheng, L. (2023). The role of transport infrastructure in economic growth: Empirical evidence in the UK. Transport Policy,
133, 223–233. [CrossRef]

Zhu, F., Wu, X., & Peng, W. (2022). Road transportation and economic growth in China: Granger causality analysis based on provincial
panel data. Transportation Letters, 14(7), 710–720. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.3390/economies14040136

https://doi.org/10.9734/bpi/cabef/v9/17817D
https://doi.org/10.1016/j.tranpol.2023.01.017
https://doi.org/10.1080/19427867.2021.1930853
https://doi.org/10.3390/economies14040136

	Introduction 
	Literature Review and Development of Hypotheses 
	The Nexus Between Transportation Infrastructure and Economic Growth 
	The Nexus Between ICT Trade, FDI, and Economic Growth 

	Empirical Strategy 
	Model Specification 
	Data 
	Econometrics Methodology 
	ARDL Approach 
	Non-Linear Threshold Regression 


	Empirical Results 
	Descriptive Analysis 
	Series Stationarity 
	Selecting the Number of Lags 
	Bound Test Results 
	ARDL Short- and Long-Run Evaluation Results 
	Robustness Tests 
	Non-Linear Threshold Regression Model Results 

	Discussion 
	Conclusions and Policy Implications 
	References

