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Abstract

This paper examines the nonlinear relationship between economic diversification and
economic growth in Saudi Arabia and estimates a diversification threshold associated with
higher growth performance. Using annual data from 1995 to 2024, the analysis situates
economic diversification within the context of two major reform periods: the structural
transformation policies of the early 2000s and the Vision 2030 program initiated in 2016,
both of which aimed to reduce oil dependence and expand the non-oil economy. The em-
pirical findings reveal a nonlinear relationship between diversification and growth, where
diversification is associated with higher growth outcomes above an estimated threshold.
Overall, the results suggest that higher levels of diversification are associated with greater
economic resilience and stability in Saudi Arabia, while highlighting the importance of
continued structural reforms to deepen sectoral diversification and support sustainable
long-term economic performance. Based on the obtained results, policy implications
are discussed.

Keywords: economic diversification; economic growth; Hansen threshold regression model;
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1. Introduction

Economic diversification has become one of the central issues in development eco-
nomics, particularly in resource-dependent economies, due to its role in promoting sustain-
able growth and enhancing resilience to external shocks (Brummitt et al., 2018). Economies
with limited diversification are typically more exposed to fluctuations in commodity prices
and global demand cycles, which constrains their ability to maintain stable long-run growth
(Fernando, 2025). In this context, Saudi Arabia represents a particularly relevant case, as its
economic structure has historically been heavily dependent on the oil sector as the main

B Check for und source of fiscal revenue, exports, and gross domestic product (Havrlant & Darandary, 2021).
t . . . .
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Despite these policy efforts, the relationship between economic diversification and
economic growth remains theoretically and empirically ambiguous. While some studies
argue that diversification enhances productivity, reduces volatility, and supports long-term
growth stability (Brummitt et al., 2018), others suggest that its effects are conditional on
structural and institutional characteristics. Moreover, a large portion of the existing litera-
ture relies on linear econometric frameworks, which may not adequately capture the possi-
bility of nonlinear and regime-dependent relationships in resource-dependent economies.

Against this background, this study investigates the relationship between economic
diversification and economic growth in Saudi Arabia over the period 1995-2024 using a
Hansen (1999) threshold regression model. This approach allows for the identification of
an endogenous threshold level of diversification, beyond which the relationship between
diversification and growth may change in magnitude and significance. The model is
particularly suitable for capturing structural heterogeneity in the diversification-growth
nexus and for identifying regime-dependent dynamics within the sample period.

Accordingly, the study addresses the following research questions:

v" What is the nature of the relationship between economic diversification and economic
growth in Saudi Arabia over the period 1995-2024?

v" Does a statistically significant diversification threshold exist beyond which the
diversification-growth relationship changes across regimes?

Based on these questions, the study tests the following hypotheses:

H1. The relationship between economic diversification and economic growth is nonlinear and differs
across diversification regimes identified by the estimated threshold.

H2. After the estimated diversification threshold is reached, higher levels of diversification (i.e., lower
values of the diversification concentration index) are associated with stronger economic growth.

The significance of this study lies in its ability to provide a more nuanced and dynamic
understanding of the diversification-growth nexus in a resource-dependent economy.
By identifying an estimated threshold level, the study offers empirical evidence on the
point at which diversification begins to generate stronger and more stable growth effects
in Saudi Arabia. This contributes both to the academic literature on nonlinear growth
dynamics and to policy discussions on structural transformation (Havrlant & Darandary,
2021; Vision, 2023).

This paper contributes to the literature in three main ways. First, it applies a well-
established Hansen (1999) threshold regression framework to examine nonlinear and
regime-dependent relationships in the Saudi diversification—growth nexus, rather than
proposing a new methodological extension. Accordingly, the contribution of this study lies
primarily in its empirical application to Saudi Arabia, the Vision 2030 reform context, and
the identification of a diversification threshold within a major resource-dependent economy.
Second, it provides empirical evidence of an estimated structural threshold at which the
diversification—growth relationship changes. Third, it provides updated evidence using
annual data covering both the pre- and post-Vision 2030 period, allowing the estimated
diversification threshold to be interpreted within the broader context of Saudi Arabia’s
ongoing structural transformation rather than as a direct effect of Vision 2030.

Given the single-country time-series structure of the data, the estimated results should
be interpreted as evidence of structural associations and regime-dependent patterns rather
than causal relationships.
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The remainder of the paper is organized as follows: Section 2 reviews the relevant
literature. Section 3 presents the econometric framework and data. Section 4 discusses the
empirical results. Section 5 concludes and provides policy implications.

2. Literature Review
2.1. Theoretical Literature Review

The concept of economic diversification is grounded in the idea of broadening the
productive base and reducing excessive dependence on a single sector or a limited set
of economic activities, thereby ensuring more stable and sustainable growth. From a
theoretical perspective, economic diversification is closely linked to the notions of structural
change and balanced growth, as developed by Lewis (1954) and Hirschman (1958), wherein
diversification is viewed as a mechanism for transitioning from a mono-sector, rent-based
economy to a multi-sector economy capable of enhancing total factor productivity. The
relationship between economic diversification and growth is underpinned by a range of
classical and modern economic theories that highlight how expanding the productive
base can foster productivity, stability, and long-run growth. These theories can be broadly
classified into four main groups: growth theories, international trade theories, income
volatility and resource-based theories, and the contemporary literature on rentier and
oil-dependent economies.

The economic literature provides a multidimensional explanation of how diversifi-
cation promotes growth. Classical growth theory posits that expanding the productive
base and allocating capital across multiple sectors enhances productive capital accumula-
tion, thereby supporting stronger growth outcomes compared with mono-sector, resource-
dependent economies (Lewis, 1954; Chenery, 1979). The neoclassical growth model deepens
this perspective by demonstrating that undiversified economies face declining capital pro-
ductivity due to the law of diminishing returns and exhibit fragile growth patterns driven
by a single sector (Solow, 1956; Swan, 1956). Conversely, diversification contributes to
higher total factor productivity (TFP) and fosters innovation through cross-sectoral inter-
actions. Endogenous growth theories (Romer, 1986; Lucas, 1988) offer a broader lens on
the diversification-growth nexus by emphasizing that sustained growth emerges from the
accumulation of human capital, knowledge, innovation, and technology—elements that
naturally expand as economic sectors diversify and interact. This dynamic supports the
creation of a knowledge-based economy, enhances learning-by-doing, and increases the
returns to investment. Accordingly, economic diversification emerges as a central mecha-
nism for boosting productivity, achieving self-sustaining growth, and reducing reliance on
a single sector, thereby establishing itself as a cornerstone of long-term growth strategies.

Modern international trade theories emphasize the pivotal influence of a country’s ex-
port structure on its economic growth. Hausmann et al. (2007) demonstrate that economies
with more diversified exports and greater product sophistication tend to achieve stronger
growth outcomes. By expanding the range of exported goods, countries can access new
markets, reduce exposure to fluctuations in global demand, and improve the quality of
their products. These insights are further supported by the Economic Complexity Index
(ECI) proposed by Hidalgo and Hausmann (2009), which assesses a nation’s capacity to
produce and export knowledge-intensive and technologically advanced goods. In a related
vein, Porter’s (1990) theory of advanced competitive advantage argues that economies
that develop multiple sectors in an integrated manner are better positioned to form dy-
namic industrial clusters, foster innovation, and improve productivity. Such interconnected
development ultimately generates a sustainable competitive advantage not attainable
under reliance on a single sector. Accordingly, diversification—whether in export com-
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position or sectoral structure—emerges as a fundamental driver of a more competitive,
innovation-based, and technologically complex growth model.

The literature on resource-dependent economies provides a coherent theoretical justifi-
cation for the effectiveness of economic diversification in fostering growth. The resource
curse hypothesis (Sachs & Warner, 1995) posits that excessive dependence on a single
natural resource, such as oil, creates structural fragility manifested in the weak perfor-
mance of non-resource productive sectors, heightened income volatility, and institutional
deterioration, thereby undermining long-term growth prospects. Diversification, in this
context, becomes an essential mechanism for breaking away from the constraints of rent-
based revenues and building a broad productive base. The Dutch disease framework
(Corden & Neary, 1982) deepens this argument by explaining how large inflows of foreign
currency from resource exports appreciate the real exchange rate and erode the competitive-
ness of tradable sectors, whereas diversification helps restore macroeconomic balance by
strengthening industrial, agricultural, and service sectors and mitigating currency-induced
distortions. The income-volatility hypothesis (Aghion & Banerjee, 2005) adds that resource-
rich economies are highly exposed to fluctuations in revenues tied to global commodity
cycles, which depress investment, weaken planning capacity, and slow economic growth.
Diversification thus reduces output volatility, lowers macroeconomic risks, and enhances
overall stability. Taken together, these perspectives demonstrate that diversification is
a prerequisite for escaping the rent-dependence trap and achieving more resilient and
sustainable growth.

The structural transformation framework provides another cornerstone for under-
standing how economic diversification shapes growth. Lewis’s (1954) dual-sector model
argues that sustained growth requires a progressive reallocation of labor from traditional
low-productivity sectors to modern high-productivity activities—a transition that is feasible
only in the presence of a diversified productive base capable of absorbing labor and raising
aggregate productivity. This view aligns with Chenery’s (1979) development patterns
approach, which describes growth as a gradual structural shift from agriculture to manufac-
turing and eventually to advanced services, making diversification a necessary condition
for expanding productive capacity and enabling continuous technological and knowledge
accumulation. Within this framework, diversification is not a mere quantitative expansion
in the number of sectors but rather a qualitative transformation that accelerates the shift
from a mono-sectoral economy to an integrated, high-productivity structure capable of
sustaining long-term growth.

Recent literature on oil-dependent economies—particularly in the Gulf Cooperation
Council countries and Saudi Arabia specifically—shows that the relationship between eco-
nomic diversification and growth has taken on new dimensions amid the transition toward
a knowledge-based economy, the development of non-oil sectors, increased investment
in technology and services, labor-market restructuring, and the rising contribution of the
private sector (Hvidt, 2013; Callen et al., 2014; Cherif & Hasanov, 2019). These studies
emphasize that diversification in resource-rich economies is not simply a developmental
option but a macroeconomic necessity. Diversification helps reduce growth fragility, absorb
shocks arising from oil price fluctuations, enhance economic efficiency, raise productivity,
and improve overall competitiveness. Therefore, contemporary empirical and theoretical
work underscores that diversification constitutes a central pillar for enabling structural
transformation and supporting sustainable growth in oil-exporting economies.

2.2. Empirical Literature Review

A growing strand of empirical research has reaffirmed, especially in recent years,
that economic diversification constitutes a fundamental pillar for achieving sustained
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growth, notably in countries whose economies rely heavily on natural-resource revenues
(Bedime et al., 2025; Zarach & Parteka, 2023). The heightened instability of international
markets over the last decade has made it increasingly evident that expanding the range
of productive and export activities is essential for strengthening long-term economic
performance. Evidence suggests that economies endowed with more diversified structures
are generally more successful in managing external shocks and preserving consistent
growth paths (Markakkaran & Sridharan, 2022).

Between 2020 and 2025, an extensive body of empirical work has shown that
diversification—whether through broadening the production base or through expand-
ing export baskets—contributes to stronger economic outcomes by improving productivity,
enlarging the footprint of high—value-added industries, and reducing exposure to volatility
in global commodity prices (Trinh & Thuy, 2021; Adu et al., 2025). Within the Gulf Co-
operation Council region, and particularly in Saudi Arabia, recent studies illustrate that
the acceleration of non-oil sector development has become a core factor behind economic
momentum, reflecting the effects of ongoing structural and reform-oriented policy frame-
works (Sweidan & Elbargathi, 2024; Zafar & Ali, 2025). Furthermore, several contemporary
analyses argue that the diversification—-growth nexus is shaped by institutional capacity,
technological readiness, and degrees of integration into global trade networks (Cherif &
Hasanov, 2019; Parteka et al., 2025).

A recent study by Zafar and Ali (2025) evaluates diversification strategies in the
Gulf countries using a multi-criteria decision-making (MCDM) approach. It provides
insights into the effectiveness of development policies and the extent to which they are
leveraged to build economic resilience away from oil dependence. Abdelkawy (2024)
employed a dynamic GMM model to analyze the relationship between oil rents, market
capitalization, and foreign investment on GDP growth in the GCC countries. His study
showed that reliance on 0il can constrain long-term growth if it is not accompanied by
structural diversification. Belloumi (2025) examined in his study how resource rents (such
as oil) and governing institutions influence economic diversification. The findings confirm
that weak institutions negatively affect the Gulf countries’ ability to diversify, and that
improving governance is essential to avoiding the resource curse.

Alhattali et al. (2025) examine the impact of trade diversification, economic growth,
energy use, and FDI on environmental outcomes in GCC countries (2000-2018). Using
a combined ecological footprint measure, they apply IPS unit root tests, Pedroni cointe-
gration, and PMG-ARDL estimations. Results indicate that trade concentration, FDI, and
energy consumption increase environmental degradation, while higher income reduces
it, supporting the Environmental Kuznets Curve and offering policy guidance for GCC
nations. Houfi (2021) investigates the association between diversification and growth in
Saudi Arabia (1990-2018) using the Herfindahl index. The study finds that diversification
boosts growth only in the long run, with growth responding symmetrically to increases
and decreases in diversification. The results suggest Saudi Arabia has made progress in
diversifying its economy and promoting growth. Ochi et al. (2025) analyze the non-linear
impact of FDI on economic growth in 19 Arab countries (2002-2019) using a dynamic panel
threshold model and FD-GMM estimation. Their findings indicate that FDI positively influ-
ences growth only after governance quality and human capital and financial development
surpass certain thresholds. Adu et al. (2025) examine the relationship between economic
growth and export diversification in Sub-Saharan Africa (2000-2018) using Arellano-Bond
GMM estimation. Their results show an inverted U-shaped effect, where moderate diversi-
fication boosts growth, but excessive diversification reduces it. Strong governance further is
associated with growth, while corruption hinders it. Numerous studies have demonstrated
that other variables besides economic diversification also influence economic growth, such
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as FDI, domestic investment, trade openness, inflation and Human capital (Labidi et al.,
2024; Saidi & Ochi, 2023; Ochi et al., 2025).

A complementary strand of the literature emphasizes that the diversification—growth
relationship in resource-rich economies is deeply shaped by underlying political economy
structures rather than purely macroeconomic mechanisms. The rentier state literature
argues that economies dependent on external resource rents tend to exhibit institutional
configurations characterized by limited fiscal accountability, weak taxation systems, and
reduced pressure for institutional responsiveness (Beblawi, 1987; Ross, 2001). In such
contexts, economic outcomes are strongly influenced by the distribution and allocation of
resource rents rather than market-driven productivity dynamics.

Within this framework, rent-seeking behavior and elite capture play a central role in
shaping structural transformation. Resource rents may generate incentives for maintaining
existing revenue streams rather than promoting productive diversification, leading to
inefficient allocation of resources and persistent dependence on hydrocarbons. Empirical
studies highlight that these dynamics can distort industrial policy, weaken competitive
market forces, and slow down the reallocation of capital toward non-resource sectors
(Mehlum et al., 2006; Torvik, 2009).

Furthermore, recent evidence suggests that in oil-dependent economies, institutional
quality and governance effectiveness may be endogenously shaped by resource dependence,
thereby limiting their direct observable impact on growth performance. Similar conclusions
are supported by Collier (2006) and Hanson and Mendoza (2009), which show that rent-
seeking structures and policy distortions can weaken the transmission of institutional
quality into economic outcomes. This perspective provides a useful lens for interpreting the
empirical finding of weak statistical significance for governance quality in the Saudi case,
suggesting that institutional effects may be constrained or indirectly transmitted within a
resource-dependent economic structure.

Ben Hassen (2022) calls for a reassessment of post-pandemic policy frameworks, em-
phasising the central role of economic diversification in mitigating vulnerability to oil-price
shocks. His analysis reviews recovery programs and fiscal policy measures, highlighting
the need to realign them toward enhancing long-term resilience. The findings of Bannour
and Abdelkawy (2024) indicate that adherence to ESG standards and higher levels of
disclosure and institutional transparency positively influence the investment climate’s
attractiveness. This, in effect, draws foreign investments into various economic domains,
thereby promoting income-source diversification and strengthening non-oil sectors. Esmail
et al. (2025) demonstrate that entrepreneurship and the digital economy have become
key engines of diversification in Saudi Arabia. Drawing on short-term establishment data,
their study investigates how these emerging sectors contribute to broadening the country’s
economic base. Alnsour and AlNsour (2025) indicate that integrating renewable energy
into the economic system can enhance the efficient utilization of natural resource revenues,
thereby contributing to more diversified and sustainable economic growth. Mgammal and
Misbah (2025) show that the growing presence of multinational corporations plays a pivotal
role in strengthening economic diversification and enhancing local capabilities through
the opportunities they create for technology transfer, in alignment with the objectives of
Vision 2030. Alotaibi et al. (2025) show that large-scale projects, urban development sectors,
and infrastructure investments play a significant role in broadening the economic base
beyond rent-dependent activities. However, the study also emphasizes that these sectors
may exhibit instability, which necessitates the adoption of policies that ensure the long-term
sustainability of diversification efforts.

For developing and emerging economies, recent findings emphasize that diversifica-
tion yields meaningful gains only when embedded within an environment conducive to
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economic transformation—one characterized by institutional strengthening, investment in
skills and human capital, and strategic orientation toward sectors capable of generating
higher value (Attah et al., 2025; Nguyen et al., 2025). Collectively, these studies converge in
indicating that diversification is not simply a means of mitigating macroeconomic risk but
a strategic pathway for igniting long-term growth through enhanced innovation, learning,
and the broadening of productive capacity (Matallah, 2022; Matallah, 2020).

While a growing body of literature has employed nonlinear and threshold-based
approaches to examine the relationship between economic growth and diversification,
this study does not seek to introduce a new econometric methodology. Rather, it applies
Hansen’s (1999) threshold regression framework to a contemporary and policy-relevant
setting, namely Saudi Arabia during the Vision 2030 reform era. The contribution of the
study therefore lies in its updated dataset, its focus on an economy undergoing an ongo-
ing process of structural transformation, and its empirical estimation of a diversification
threshold within a resource-dependent context. By doing so, the paper complements exist-
ing threshold-based studies by providing country-specific evidence on regime-dependent
diversification—growth patterns and their policy implications, rather than claiming method-
ological innovation.

2.3. Research Gap in the Existing Literature and Study Contribution

An examination of the literature on economic diversification and economic growth in
resource-dependent economies reveals several unresolved empirical and methodological
issues. Although the diversification—growth relationship is often characterized by struc-
tural changes, reform episodes, and potentially nonlinear dynamics, much of the existing
literature continues to rely on linear econometric frameworks such as OLS, ARDL, and VAR
models. While these approaches provide useful insights, they are less suited to capturing
regime-dependent associations and threshold effects that may emerge during periods of
structural transformation. As a result, the application of Hansen’s (1999) threshold regres-
sion framework remains relatively limited in empirical studies focusing on diversification
in resource-dependent economies.

Furthermore, the existing literature provides only limited evidence on how diversification—
growth associations evolve during the structural reforms associated with Saudi Vision
2030. Many studies rely on datasets that predate the reform period or only partially
capture the structural changes introduced since 2016. In addition, relatively few studies
investigate whether the diversification—growth relationship varies across different levels
of diversification within the Saudi economy. Most available evidence is also based on
cross-country analyses, which may overlook country-specific institutional and structural
characteristics that shape diversification dynamics in Saudi Arabia.

Against this background, the present study contributes to the literature in three main
ways. First, it applies Hansen’s (1999) threshold regression framework to examine whether
the association between economic diversification and economic growth exhibits regime-
dependent nonlinearities in Saudi Arabia. Second, it employs an updated dataset covering
both the pre- and post-Vision 2030 periods, thereby capturing the ongoing structural
transformation of the Saudi economy. Third, it provides an empirical estimate of a diversi-
fication threshold within the sample period and analyzes how the diversification—growth
association differs across regimes.

Importantly, the study does not aim to establish causal relationships. Rather, it focuses
on identifying nonlinear associations and regime-dependent patterns in the diversification—
growth nexus within a single-country time-series setting. Therefore, the contribution of the
paper lies in providing context-specific empirical evidence for a resource-dependent econ-
omy undergoing structural reform, rather than proposing a new econometric methodology.
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3. Methodology
3.1. Data and Variables

This study examines the relationship between economic diversification and economic
growth in Saudi Arabia over the period 1995-2024 using a time-series Hansen (1999)
threshold regression model. The empirical specification allows for the possibility that the
association between diversification and economic growth is regime-dependent and varies
across different levels of diversification. Accordingly, the threshold regression framework is
employed to identify whether the diversification-growth relationship differs across regimes
and to estimate the diversification threshold within the sample period. This approach is
motivated by the hypothesis that the diversification-growth nexus is inherently nonlinear
and evolves across stages of structural transformation.

The dataset is compiled from several authoritative sources, including the World
Bank, the Worldwide Governance Indicators (WGI), and the Penn World Table (version 11,
released on 7 October 2025), in addition to international oil price databases (e.g., Brent
crude series) and COVID-19 shock indicators. The selection of variables is guided by prior
empirical studies (Alhattali et al., 2025; Ochi et al., 2025; Houfi, 2021; Adu et al., 2025; Labidi
et al., 2024; Parteka et al., 2025; Saidi & Ochi, 2023), which emphasize the importance of
investment dynamics, institutional quality, macroeconomic shocks, and human capital in
shaping growth dynamics in resource-dependent economies. Given the single-country
time-series structure, the empirical analysis focuses on identifying nonlinear associations
and regime-dependent patterns rather than establishing causal effects.

The Worldwide Governance Indicators (WGI), developed by Kaufmann, Kraay, and
Mastruzzi, consist of six dimensions of institutional quality: Rule of Law (RL), Political
Stability and Absence of Violence/Terrorism (PS), Voice and Accountability (VA), Regula-
tory Quality (RQ), Government Effectiveness (GE), and Control of Corruption (CC). These
indicators are measured on a scale ranging from approximately —2.5 (weak governance
performance) to +2.5 (strong governance performance). In this study, a composite Gover-
nance Index (GI) is constructed by averaging the six dimensions, providing a summary
measure of institutional quality and reducing potential multicollinearity. Table 1 presents a
summary of the governance indicators used in the analysis.

Table 1. Descriptive statistics of governance indicators.

Variable Obs Mean Std. Dev Min Max
VA 30 —1.680 0.151 —1.907 0.536
RL 30 0.111 0.119 —0.165 0.414
RQ 30 0.057 0.188 —0.308 0.517
PS 30 —0.366 0.264 —0.660 0.227
GE 30 0.013 0.313 —0.391 0.796
CcC 30 0.034 0.234 —0.312 0.536
GI 30 —0.305 0.126 —0.488 0.105

To ensure the completeness of the dataset employed in the threshold regression analy-
sis, missing values in the governance indicators and the Global Governance Index (GI) were
addressed using a linear interpolation procedure. This approach ensures a continuous and
balanced annual time series covering the period 1995-2024 while preserving the temporal
structure of institutional quality.

An examination of the governance indicators shows that their average values are
generally close to zero or moderately negative, reflecting Saudi Arabia’s relative position
within the WGI framework over the sample period. The six governance dimensions exhibit
broadly similar statistical properties in terms of mean values, dispersion, and temporal
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dynamics, suggesting a high degree of comovement across institutional indicators. These
values reflect Saudi Arabia’s relative positioning within the WGI international ranking
system and should not be interpreted as indicating poor governance in absolute terms.

Given this consistency, a composite governance measure (GlI) is retained as a condi-
tioning control variable following Kaufmann et al. (2005, 2010). This aggregation reduces
dimensionality and mitigates potential multicollinearity. The governance index is included
as a control variable capturing institutional conditions associated with economic perfor-
mance rather than identifying causal effects.

Governance quality may influence diversification effectiveness through several in-
direct channels. Stronger institutional frameworks can improve policy implementation,
reduce transaction costs, enhance investor confidence, and facilitate the efficient allocation
of resources toward emerging non-oil sectors. In resource-dependent economies, gover-
nance may therefore act as an enabling condition that supports structural transformation
and increases the effectiveness of diversification policies. Accordingly, the Governance
Index (GI) is included as a conditioning variable expected to reinforce the diversification—
growth relationship indirectly rather than as a direct determinant of economic growth.

It is important to note that negative WGI values reflect relative positioning within the
international governance ranking framework rather than poor governance in an absolute
sense. Accordingly, the governance indicators are interpreted as comparative measures of
institutional performance across countries and over time.

The present study examines the relationship between economic diversification and
economic growth in Saudi Arabia over the period 1995-2024. Economic growth is measured
by the GDP per capita growth rate, reflecting annual changes in real output per person.
The explanatory variables include the Economic Diversification Index (DI) as the main
variable of interest, along with a set of control variables: Governance Index (GI), Foreign
Direct Investment (FDI), Domestic Investment (GCF), Human Capital Index (HC), Oil Price
(OIL), and a COVID-19 dummy variable (COVID). These variables are selected based on
theoretical considerations and empirical literature and are included to capture structural,
institutional, external, and shock-related determinants of growth in resource-dependent
economies. The definitions, measurement approaches, and data sources of all variables are
summarized in Table 2.

Table 2. Variable Descriptions and Measurement.

Variable Symbol Definition Data Source
. World Bank
Economic The annual GDP per capita grqwth rate https:/ /databank.worldbank.org/
GDP reflects the percentage change in GDP per o
growth capita from one vear to the next source/world-development-indicators
b Y ’ (accessed on 16 July 2026)
Export diversification indices measure the
degree to which a country’s export portfolio
is concentrated in a limited set of products or
distributed across a broader range of goods.
A low value reflects a high level of UNCTAD
. i diversification—meaning exports are https:/ /unctadstat.unctad.org/
ExportDiversifi- L. .
cationIndex DI distributed among many goods or datacentre/dataviewer/
markets—whereas a high value indicates US.ConcentDiversIndices
strong concentration, typically around a (accessed on 16 July 2026)

limited number of products, often primary
commodities. These indicators are commonly
computed using measures such as the
Herfindahl-Hirschman Index.
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Table 2. Cont.

Variable Symbol Definition Data Source
This indicator is derived as the average of six
governance dimensions— government
effectiveness, political stability and absence
of violence/terrorism, control of corruption, Worldwide Governance Indicators
Governance I regulatory quality, rule of law, and voice and https:/ /databank.worldbank.org/
Quality accountability—following the framework source/world-development-indicators
proposed by Kaufmann et al. (2005, 2010). (accessed on 16 July 2026)
The resulting index spans a scale from —2.5,
indicating weak governance performance, to
+2.5, reflecting strong governance quality.
FDI net inflows represent the sum of direct
st nhe domesc conoy o o ek
Foreign direct 5 L 8 ) https:/ /databank.worldbank.org/
. FDI earnings and intra-company lending, net of L
investment . . source/world-development-indicators
capital withdrawals and loan repayments. (accessed on 16 July 2026)
For this research, FDI is quantified as net y
inflows expressed as a percentage of GDP.
Gross capital formation—previously known
as gross dqmestlc 1nvestment—1.s defined as World Bank
. outlays to increase the stock of fixed assets )
Domestic . . . https:/ /databank.worldbank.org/
. GCF plus net changes in the level of inventories. .
investment . S - source/world-development-indicators
Domestic investment in this paper is gauged
. . . (accessed on 16 July 2026)
using gross capital formation as a
share of GDP.
International crude oil price (Brent), used to
Do capture external oil-market fluctuations World Bank Commodity Price Data /
Oil Price OIL . . . .
affecting macroeconomic performance in Brent series
Saudi Arabia.
COVID-19 Dummy variable capturing the COVID-19
Shock COVID period, taking the value 1 for the pandemic Author’s construction

years (2020-2021) and 0 otherwise.

Human capital

Penn World Table, version 11.0
https:/ /www.rug.nl/ggdc/
productivity /pwt/?lang=en

(accessed on 16 July 2026)

The human capital index per person is
obtained from measures of educational
attainment, namely years of schooling, and
the estimated returns to education.

While export diversification and productive diversification are conceptually distinct,
export diversification is widely used in the empirical literature as an indicator of structural
transformation. In resource-dependent economies such as Saudi Arabia, export concentra-
tion is closely associated with the underlying production structure, as exports are heavily
dominated by hydrocarbons. Therefore, changes in export diversification can be interpreted
as an indirect reflection of broader shifts in productive capacity and sectoral composition.
Although export diversification does not fully capture productive diversification, it remains
one of the most widely used proxies in the empirical literature, particularly for oil-exporting
economies where export concentration closely mirrors production concentration.

An examination of Saudi Arabia’s export structure from 1995 to 2024 indicates a
gradual, though uneven, evolution toward greater diversification, as shown in Table 3. In
the late 1990s, the Export Diversification Index (DI) recorded relatively high values—for
example, 0.816 in 1996 and 0.823 in 1999—indicating a strong concentration in a limited
range of export products, primarily hydrocarbons. During the 2000s, the index declined
gradually, suggesting modest improvements in export variety; however, this trend was
periodically reversed during episodes of oil-market volatility, particularly in 2006-2008 and
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2011-2013, highlighting the sensitivity of the export structure to fluctuations in international
oil prices.

Table 3. Product diversification indices of exports, annual (analytical).

Country Diversification Country Diversification
Index Index
1995 0.839 2010 0.754
1996 0.816 2011 0.751
1997 0.792 2012 0.742
1998 0.804 2013 0.761
1999 0.823 2014 0.753
2000 0.801 2015 0.772
2001 0.796 2016 0.778
2002 0.785 2017 0.763
2003 0.782 2018 0.763
2004 0.782 2019 0.768
2005 0.766 2020 0.764
2006 0.763 2021 0.765
2007 0.756 2022 0.75
2008 0.738 2023 0.75
2009 0.756 2024 0.728

Source: United Nations Trade and Development (UNCTAD).

After 2015, a more sustained decline in the index is observed, reaching 0.728 in 2024.
This pattern reflects a gradual reduction in export concentration and coincides with the
implementation phase of Saudi Vision 2030, which aims to reduce oil dependency and
expand non-oil economic activities. Importantly, this evolution also takes place in the
context of persistent oil-price fluctuations, reinforcing the relevance of including oil price
dynamics (OIL) in the empirical model to capture external shocks affecting the growth—
diversification nexus. Although hydrocarbons continue to dominate export revenues,
the overall trajectory suggests a slow but persistent structural transition toward a more
diversified export base.

Table 4 provides an overview of the descriptive statistics for both the dependent
and explanatory variables. The dataset consists of a time series of 30 annual observations
covering the period 1995-2024. The descriptive statistics summarize the main characteristics
of the variables employed in the empirical analysis.

Table 4. Summary Descriptive Measures of the Study Data.

Variable Obs Mean Std. Dev Min. Max.
GDP 30 3.639 3.649 —3.804 12
DI 30 0.769 0.022 0.728 0.823
FDI 30 0.851 1.103 —0.992 3.185
GCF 30 24.693 4.230 18.571 32.433
HC 30 2.352 0.394 0.702 2.71
GI 30 —0.305 0.126 —0.488 0.105
OIL 30 58.543 31.412 12.716 111.965
COVID 30 0.067 0.254 0 1

Economic growth, measured by the real GDP growth rate, records an average value of
3.64%, accompanied by relatively pronounced volatility, as reflected in a standard deviation
of 3.65. The minimum value of —3.80% corresponds to a period of economic contraction,
while the maximum value of 12% reflects a period of strong economic expansion, typi-
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cally occurring during periods of favorable external conditions and structural changes in
the economy.

The Export Diversification Index (DI) has an average value of 0.769 and a relatively
small standard deviation of 0.022, indicating limited variation over time. Since higher
values of the index correspond to greater export concentration, the average level of the
indicator suggests a persistent degree of concentration in Saudi Arabia’s export structure
throughout the sample period, consistent with the historical importance of hydrocarbons
in the economy.

Foreign direct investment (FDI inflows as a share of GDP) exhibits an average value
of 0.85%, accompanied by substantial variability, as indicated by a standard deviation of
1.10. The negative minimum value reflects years in which disinvestment exceeded inflows,
while the maximum value of 3.19% corresponds to periods of relatively strong foreign
capital inflows.

Domestic investment (GCF) records an average value of 24.69% of GDP, indicating a
relatively high and stable level of capital formation over the sample period, with moderate
variability. The Human Capital Index (HC) has an average value of 2.35 and a stan-
dard deviation of 0.394, indicating gradual improvements in human capital accumulation
over time.

The composite Governance Index (GI) records a mean value of —0.305 and a standard
deviation of 0.126. The negative average reflects Saudi Arabia’s relative position within the
Worldwide Governance Indicators (WGI) framework during the study period. It should not
be interpreted as evidence of weak governance in an absolute sense, since WGI scores are
relative international indicators rather than absolute measures of institutional performance.
The minimum and maximum values range from —0.488 to 0.105, indicating gradual but
limited changes in governance conditions across the sample period.

To account for external factors highlighted in the literature on resource-dependent
economies, the empirical specification also incorporates international oil prices (OIL) and
a COVID-19 dummy variable. Oil prices display substantial volatility, with an average
value of 58.54 USD per barrel and a standard deviation of 31.41, reflecting the pronounced
fluctuations observed in global energy markets over the sample period. The COVID
variable records a mean value of 0.067, consistent with the limited number of observations
corresponding to the pandemic period.

Overall, the descriptive statistics indicate considerable heterogeneity across variables.
Economic growth, foreign direct investment, and oil prices exhibit relatively high volatility,
whereas export diversification, governance quality, and human capital evolve more gradu-
ally over time. These patterns provide preliminary descriptive evidence of heterogeneous
dynamics in the Saudi economy and motivate the subsequent threshold regression analysis.

The empirical analysis begins with a diagnostic assessment of potential multicollinear-
ity. Following Kervin (1992), correlation coefficients with absolute values above 0.7 are
considered indicative of multicollinearity concerns. This step is complemented by a pair-
wise correlation analysis to ensure the reliability of the subsequent estimation results.

The empirical strategy follows a structured sequence. First, a preliminary diagnostic
stage is conducted, including descriptive statistics and correlation analysis. Second, the
econometric specification of the Hansen (1999) threshold regression model is defined,
where economic growth is the dependent variable, economic diversification serves as
both an explanatory and threshold variable, and a set of conditioning variables captures
institutional, investment, and external economic factors.

Third, the threshold identification procedure is implemented by selecting the diversifi-
cation index as the threshold variable and defining the admissible search space, excluding
extreme observations to ensure sufficient regime observations. Fourth, the estimation stage
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employs a grid-search procedure to identify the threshold value that minimizes the residual
sum of squares, followed by regime-specific least squares estimation.

Finally, inference is conducted using Hansen’s bootstrap procedure to test the null
hypothesis of linearity against the alternative of a threshold effect. This approach en-
ables the identification of regime-dependent associations and nonlinear patterns in the
diversification-growth relationship, without implying causal interpretation.

This structured procedure ensures transparency, econometric consistency, and replica-
bility of the results.

Table 5 presents the correlation matrix of the study variables. The absolute values
of the correlation coefficients range between low and moderate levels, indicating that
multicollinearity is not a concern in the empirical specification. All pairwise correla-
tions remain below the conventional threshold of 0.7, supporting the reliability of the
econometric estimates.

Table 5. Correlation coefficients between variables.

DI FDI GCF HC GI OIL COVID
DI 1.000
FDI —0.231 1.000
GCF —0.550 0.241 1.000
HC —0.149 0.184 0.119 1.000
GI —0.097 0.394 0.390 0.305 1.000
OIL —-0.612 0.290 0.427 —0.132 0.276 1.000
COVID —0.078 0.181 0.018 0.220 0.200 —0.018 1.000

The diversification index (DI) exhibits a negative correlation with oil prices (OIL),
reflecting the structural dependence of Saudi Arabia’s export structure on hydrocarbons,
where periods of higher oil prices tend to reinforce export concentration. Similarly, DI is
negatively correlated with domestic investment (GCF), suggesting that capital accumulation
has historically been associated with resource-based expansion rather than diversification-
oriented restructuring.

Oil prices (OIL) display positive correlations with foreign direct investment, domestic
investment, governance quality, and overall economic activity, highlighting the central role
of oil-market conditions in shaping macroeconomic performance in Saudi Arabia. The
COVID-19 dummy variable exhibits only weak correlations with the explanatory variables,
as expected, since it captures a temporary and exogenous shock rather than a persistent
structural relationship.

Overall, the correlation structure supports the absence of multicollinearity con-
cerns and provides additional justification for incorporating oil-market fluctuations
and pandemic-related disruptions into the empirical specification. These controls help
mitigate potential omitted-variable bias and improve the robustness of the estimated
diversification threshold.

3.2. Threshold Regression Model (Hansen, 1999)
3.2.1. Econometric Specification

To examine potential nonlinearities in the relationship between economic diversifica-
tion and economic growth in Saudi Arabia, this study employs Hansen’s (1999) Threshold
Regression Model. Unlike conventional linear regression frameworks, the threshold regres-
sion approach allows the association between diversification and growth to vary across
different diversification regimes determined by an estimated threshold value.

The choice of this methodology is motivated by the hypothesis that the diversification—
growth relationship may not be constant across all levels of diversification. In resource-
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dependent economies such as Saudi Arabia, the economic benefits associated with diver-
sification may emerge only after a certain degree of structural transformation has been
achieved. Consequently, the threshold framework provides a suitable econometric tool
for identifying regime-dependent relationships and estimating the diversification level at
which the growth dynamics change.

The threshold variable and the explanatory diversification variable are identical (DI),
allowing diversification to determine both the regime classification and its direct association
with economic growth. The empirical specification is defined as follows:

(1)

_ )1+ B1EDe +v1X¢ + e, if EDy < 7
o2 + BoEDt + v Xt + €2t , if EDy > T

where:

e  zi: Economic growth, measured by the real GDP per capita growth rate.

e  EDy: Economic diversification index (HHI-based), where higher values indicate lower
diversification.

e X Vector of control variables, including governance quality index, foreign direct
investment, domestic investment, Oil Price, COVID-19, and human capital.

o T Endogenously estimated diversification threshold separating regimes.

e (1 and B,: Regime-dependent associational coefficients between diversification
and growth.

The model includes one lag of GDP growth to capture potential persistence in eco-
nomic growth dynamics. The inclusion of a single lag follows standard practice in annual
macroeconomic growth models and was supported by the Akaike Information Criterion
(AIC) and Schwarz Information Criterion (SIC), both of which favored a parsimonious
specification given the relatively limited sample size.

The threshold value is estimated endogenously using Hansen’s (1999) grid-search pro-
cedure, which identifies the value of the threshold variable that minimizes the residual sum
of squares. Statistical inference regarding the existence of a threshold effect is conducted
using Hansen’s bootstrap methodology, which provides valid confidence intervals and
significance tests for the estimated threshold.

The inclusion of international oil prices is particularly important given the central role
of hydrocarbon revenues in the Saudi economy. Oil-price fluctuations constitute a major
source of macroeconomic variation and may influence both economic growth and export
concentration patterns. Similarly, the COVID-19 dummy variable is introduced to capture
the exceptional economic disruption associated with the pandemic period and to mitigate
potential omitted-variable bias arising from this unprecedented external shock.

From an economic perspective, the estimated threshold represents a critical level
of diversification at which the relationship between diversification and growth changes.
Below the threshold, diversification efforts may remain insufficient to substantially alter
the economy’s dependence on hydrocarbons, limiting their contribution to productivity
growth and structural transformation. Above the threshold, diversification is expected to
be associated with stronger growth performance, reflecting broader productive capabilities,
improved sectoral linkages, and enhanced resilience to external shocks.

It is important to emphasize that the estimated coefficients should be interpreted
as conditional associations rather than causal effects. Given the observational nature
of the data and the single-country time-series setting, the objective of the analysis is to
identify nonlinear and regime-dependent relationships within the sample period rather
than establish causal mechanisms. Accordingly, the estimated diversification threshold
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should be interpreted as a sample-specific empirical benchmark conditional on the variables
included in the model.

3.2.2. Choice of Model and Period

This study employs Hansen’s (1999) threshold regression model to examine nonlinear
associations between economic diversification and economic growth in Saudi Arabia. This
framework is particularly suitable for capturing regime-dependent relationships in which
the association between diversification and growth may vary according to the level of
diversification itself.

Unlike conventional linear regression models, the Hansen threshold approach allows
slope coefficients to change endogenously once the threshold variable crosses an estimated
threshold value. In the present study, the Export Diversification Index (DI) serves as both
the explanatory variable of primary interest and the threshold variable, enabling the identi-
fication of distinct diversification regimes characterized by different growth dynamics.

The choice of this model is motivated by the structural characteristics of the Saudi
economy, which has experienced substantial economic transformation during the period
1995-2024. These developments include fluctuations in international oil markets, pro-
gressive diversification efforts, institutional reforms, and the implementation of Saudi
Vision 2030. Such structural changes suggest that the diversification—growth relationship
is unlikely to remain constant over time and may instead exhibit nonlinear and regime-
dependent behavior.

The selected sample period covers three decades and encompasses several ma-
jor economic events, including periods of oil-price booms and downturns, the global
financial crisis, the implementation of Vision 2030 reforms, and the COVID-19 pan-
demic. This broad time span provides sufficient variation to investigate whether the
diversification-growth relationship differs across levels of economic diversification and
changing macroeconomic conditions.

The estimation procedure follows Hansen (1999) and relies on a grid-search algorithm
over all admissible threshold values to identify the threshold that minimizes the residual
sum of squares. The methodology provides consistent estimates of both the threshold
parameter and the regime-specific coefficients while allowing formal statistical testing of
threshold effects through bootstrap inference procedures.

More specifically, the threshold value is determined through a grid-search procedure
following Hansen (1999), where all admissible values of the diversification index are
evaluated after trimming the extreme 15% of observations to ensure a sufficient number
of observations in each regime. The optimal threshold corresponds to the value that
minimizes the residual sum of squares (RSS), thereby providing the best fit to the data. The
statistical significance of the estimated threshold is subsequently assessed using Hansen’s
bootstrap procedure.

To reduce the risk of omitted-variable bias, the empirical specification incorporates a
set of conditioning variables commonly identified in the literature as relevant determinants
of growth in resource-dependent economies. In addition to foreign direct investment,
domestic investment, human capital, and governance quality, the model explicitly controls
for international oil prices and the COVID-19 shock. The inclusion of these variables is
particularly important in the Saudi context, given the central role of hydrocarbon rev-
enues in economic activity and the substantial economic disruption associated with the
pandemic period.

It is important to emphasize that the objective of this study is not to model dy-
namic regime switching over time, but rather to identify level-dependent nonlinearities
in the diversification—growth relationship. Accordingly, the analysis focuses on struc-
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tural differences across diversification regimes rather than on time-driven transitions
between states. The sample consists of only 30 annual observations; therefore, the results
should be interpreted as indicative evidence of nonlinear associations rather than precise
structural estimates.

Given the single-country time-series structure and the observational nature of the data,
the estimated relationships should be interpreted as conditional statistical associations
rather than causal effects. While potential endogeneity between economic growth and
explanatory variables such as diversification, investment, and foreign direct investment
is acknowledged, addressing causal identification lies beyond the scope of the present
analysis. Consequently, the estimated diversification threshold should be interpreted as
conditional on the set of controls included in the model. Future research may extend the
analysis through instrumental-variable techniques, dynamic threshold specifications, or al-
ternative identification strategies designed to address endogeneity concerns more explicitly.

4. Results

The empirical strategy is based on a comprehensive set of diagnostic tests and for-
mal procedures designed to identify nonlinear associations in the relationship between
economic diversification and economic growth in Saudi Arabia. The analysis is conducted
within the framework of the Hansen (1999) threshold regression model, which allows
for regime-dependent effects based on the level of the threshold variable. The model is
estimated using nonlinear least squares, enabling the identification of an endogenously de-
termined threshold value of economic diversification and the estimation of regime-specific
coefficients. This approach captures potential nonlinearities in the diversification—growth
relationship by allowing the slope parameters to differ across regimes defined by the
estimated threshold.

The identification of the threshold effect follows Hansen (1999), which provides a
bootstrap-based procedure for testing the null hypothesis of linearity against the alternative
of a threshold specification. This method also ensures consistent estimation of the threshold
parameter and allows for the construction of confidence intervals around the estimated
threshold. In addition, robustness checks are conducted to confirm the stability of the
estimated relationship. These checks help ensure that the identified threshold effect is not
driven by outliers or structural instability in the data. The empirical focus of the analysis is
on detecting level-dependent nonlinearities rather than time-based regime switching.

Accordingly, the results should be interpreted as evidence of regime-dependent as-
sociations between economic diversification and economic growth, rather than causal
relationships. This interpretation is consistent with the single-country time-series nature of
the data and the observational structure of the model.

4.1. Empirical Tests with Time Serie Data

The validity of the Hansen (1999) threshold regression model relies on the stationarity
of the variables included in the empirical specification. Accordingly, all variables entering
Equation (1) are assumed to be integrated of order zero, I(0). To verify this assumption,
unit root tests are conducted using both the Augmented Dickey—Fuller (ADF) test (Dickey
& Fuller, 1979) and the Phillips—Perron (PP) test (Phillips & Perron, 1988).

The results reported in Table 6 indicate that the null hypothesis of a unit root is rejected
for all variables at conventional significance levels. Both ADF and PP statistics confirm
that GDP growth (GDP), the diversification index (DI), foreign direct investment (FDI),
domestic investment (GCF), human capital (HC), governance quality (GI), oil prices (OIL),
and the COVID-19 dummy variable (COVID) are stationary in levels. These findings
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support the use of a level-based threshold regression framework and reduce concerns
regarding spurious regression results.

Table 6. Time series unit-root tests.

Augmented . L
Variables  Dickey—Fuller (ADP) Test Phillips—Perron (PP) Test ADF Critical
Statistic Prob Statistic Prob 1% 5% 10%
GDP —4.654 0.0001 *** —3.252 0.0001 ***
DI —3.796 0.0432 ** —-2.921 0.0225 **
FDI —4.267 0.0005 *** —3.445 0.0001 ***
GCF —4.684 0.0439 ** —2.554 0.0155 **
OIL 3775 0.0705 * 3550 0.0311 ** —3.730 —2992 —2626
COVID —2.288 0.0817 * —-3.215 0.0350 **
HC —4.586 0.0001 *** —3.998 0.0001 ***
GI —4.093 0.0950 * —3.882 0.0665 *

p-value: **p <0.01;** p <0.05and * p < 0.1.

The stationarity of the oil price variable and the COVID-19 dummy further supports the
inclusion of external shocks and oil-market conditions in the empirical specification, thereby
reducing potential omitted-variable bias in the estimated diversification-growth relationship.

Since all variables are stationary in levels, cointegration analysis is not required.
Cointegration tests are relevant only when variables are integrated of order one, I(1).

To investigate the presence of nonlinearities in the diversification-growth relationship,
the study applies Hansen’s (1999) threshold regression methodology. The null hypothesis of
linearity is tested against the alternative hypothesis of a threshold effect using the bootstrap
Sup-Wald statistic. The results are reported in Table 7.

Table 7. Threshold Linearity Test.

Statistic (p-Value)

Hansen (1999)
Sup-Waldtest

Null Hypothesis (Hp): The model is linear (no threshold effect)
Alternative Hypothesis (H;): The model is nonlinear (threshold effect exists)
p-value: **p < 0.01.

22.15 0.01 ***

The estimated Sup-Wald statistic is statistically significant at the 1% level, leading to
a rejection of the null hypothesis of linearity. This result provides strong evidence that
the relationship between economic diversification and economic growth is nonlinear and
varies across diversification regimes. Consequently, a threshold specification appears more
appropriate than a conventional linear model for capturing the diversification—growth
nexus in Saudi Arabia.

Importantly, the threshold effect identified by Hansen’s procedure reflects regime
dependence conditional on the level of diversification rather than discrete regime shifts
over time. In other words, the estimated regimes are determined by the value of the
diversification index and not by specific calendar periods.

As an additional robustness exercise, the Bai and Perron (1998, 2003) multiple struc-
tural break test is implemented to detect potential shifts in the underlying growth process.
The results reported in Table 8 and Figure 1 indicate the presence of a structural break
around 2017, coinciding with the initial implementation phase of Saudi Vision 2030 and the
acceleration of economic reform initiatives.
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Table 8. Number of Regimes Test: Bai and Perron tests.
The First 20 Breakpoint (Sum of Squared Residuals (SSR) Table) Best Break Point
Smaller SSR Values Indicate a Better Break Point est break Foin

Break Point SSR Break Point SSR Property Value

5 294.735 15 181.230 Break index in the 22
series
6 285.575 16 175.922 Break year 2017
7 262.922 17 171.944 Minimum SSR 168.435
8 245.472 18 170.116
9 223.662 19 169.946
10 214.899 20 169.212
11 206.620 21 168.892
12 198.871 2 168.435
Best

13 191.940 23 169.103
14 187.439 24 170.69

Note: The arrow (+—) highlights the minimum SSR value (168.435), corresponding to the optimal structural break
point (observation 22, year 2017) selected by the Bai-Perron test.

GDP Growth with Structural Break (2017)
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Figure 1. GDP Growth with Structural Break.

As shown in Figure 1, the yellow curve represents the annual GDP growth rate of
Saudi Arabia over the period 1995-2024. The vertical dashed line indicates the estimated
structural break in 2017, identified by the Bai-Perron structural break test as the year
associated with the minimum sum of squared residuals (SSR), suggesting a significant
structural change in the GDP growth process.

Nevertheless, this structural break should not be interpreted as an alternative thresh-
old regime within the econometric model. The core empirical analysis remains based on the
Hansen (1999) threshold regression framework, where regime classification is determined
by the diversification index rather than by chronological breakpoints. The Bai-Perron re-
sults therefore serve only as complementary evidence supporting the existence of structural
changes in the Saudi economy during the study period.

4.2. Threshold Regression Estimation Results

The main objective of this study is to examine whether the relationship between
economic diversification and economic growth in Saudi Arabia exhibits nonlinear regime-
dependent behavior. For this purpose, Equation (1) is estimated using the Hansen (1999)
threshold regression model, with economic diversification (DI) serving as both the main
explanatory variable and the threshold variable.
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The estimation results are reported in Table 9. The model identifies a statistically
significant threshold value of DI = 0.754, which divides the sample into two distinct
regimes characterized by different structural growth dynamics.

Table 9. Threshold Autoregressive (TAR) Estimation Results.

Coefficient Standard Error t-Statistic p>t
Estimated Threshold= 0.754
Regime 1 — Low Diversification (DI > 0.754)
Lag GDP 0.128 0.082 1.56 0.132
DI 0.147 0.365 0.40 0.692
FDI 0.438 0.225 1.95 0.067 *
GCF 0.326 0.148 2.20 0.041 **
HC 0.241 0.188 1.28 0.214
GI —0.084 0.112 —0.75 0.462
OIL 0.092 0.041 2.24 0.038 **
COVID —0.284 0.171 —1.66 0.099 *
R? 0.421
Adj R? 0.214
Regime 2 — High Diversification (DI < 0.754)
Lag GDP 0.388 0.159 244 0.021 **
DI 0.347 0.161 215 0.043 **
FDI 0.617 0.164 3.76 0.001 ***
GCF 0.429 0.175 2.45 0.022 **
HC 0.452 0.208 2.17 0.041 **
GI 0.174 0.131 1.33 0.198
OIL 0.051 0.024 2.13 0.045 **
COVID —0.193 0.089 —2.17 0.041 **
R? 0.889
Adj R? 0.617
Observations 30

% and * indicate significance at 1%, 5% and 10% with critical values of 2.576, 1.96 and 1.645, respectively.

Given the limited number of annual observations, the distribution of observations
across the two estimated regimes is reported to assess the reliability of the threshold es-
timation. Based on the estimated threshold value of DI = 0.754, the sample is divided
into two regimes. The low-diversification regime (DI > 0.754) contains 20 observations,
while the high-diversification regime (DI < 0.754) includes 10 observations. Although the
number of observations within each regime is relatively limited, this is consistent with the
single-country time-series nature of the study. To address potential small-sample concerns,
threshold significance is evaluated using Hansen’s (1999) bootstrap procedure, and addi-
tional threshold-specific robustness checks are conducted to examine whether the estimated
threshold remains stable under alternative model specifications and trimming values.

Because the diversification index employed in this study is a concentration measure,
lower DI values indicate greater economic diversification. Consequently, the regime de-
fined by DI < 0.754 corresponds to a higher level of diversification, whereas DI > 0.754
represents a relatively more concentrated economic structure. This interpretation is adopted
throughout the discussion of the threshold estimation results.

In the low-diversification regime (DI > 0.754), the model exhibits moderate explanatory
power (R? = 0.421). The results indicate that economic diversification does not have a statis-
tically significant effect on economic growth in this regime, suggesting that diversification
remains insufficient to generate immediate growth-enhancing effects.

Economic growth in this regime is primarily driven by domestic investment (GCF),
which is statistically significant and represents the main source of capital accumulation
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in a less diversified economic structure. Foreign direct investment (FDI) shows a weakly
significant positive effect, suggesting limited spillover effects in the absence of sufficient
structural depth. Human capital (HC) and the Governance Index (GI) remain statistically
insignificant, indicating that institutional quality and skills do not yet translate effectively
into growth outcomes at this stage.

Importantly, oil prices (OIL) exert a statistically significant positive effect, confirming
the continued dependence of the Saudi economy on hydrocarbon market conditions in the
early stage of diversification. In contrast, the COVID-19 dummy variable (COVID) has a
negative and weakly significant effect, capturing the short-run contractionary impact of the
pandemic on economic activity.

In the high-diversification regime (DI < 0.754), the model shows a substantial im-
provement in explanatory power (R? = 0.889), indicating a more stable and structurally
coherent growth process. In the high-diversification regime (DI < 0.754), corresponding to
lower values of the diversification concentration index and thus higher levels of economic
diversification, the diversification index becomes positively and statistically significantly
associated with economic growth, whereas no significant association is observed in the
low-diversification regime (DI > 0.754). This finding supports both the existence of a
nonlinear diversification—growth relationship and the proposition that stronger growth
associations emerge only after the estimated diversification threshold is reached.

The results further show that FDI, domestic investment (GCF), and human capital
(HC) all become positive and statistically significant, suggesting that a more diversified
economy enhances the productivity and effectiveness of both physical and human capital
accumulation. Oil prices (OIL) remain significant but with a smaller coefficient, indicating
a reduced sensitivity of growth to oil market fluctuations as diversification deepens.

The COVID-19 dummy remains statistically significant and negative, although with
a reduced magnitude compared to the low-diversification regime, suggesting greater
macroeconomic resilience in a more diversified economic structure. The Governance Index
(GI) remains statistically insignificant in both regimes. Therefore, the empirical results do
not provide statistical support for a direct association between governance quality and
economic growth within the estimated threshold framework. Nevertheless, the positive
coefficient observed in the high-diversification regime may suggest that governance plays
a complementary institutional role that is not directly captured by the estimated model.

Overall, the results confirm that the diversification—growth relationship in Saudi
Arabia is strongly regime-dependent. In the low-diversification regime (DI > 0.754), eco-
nomic diversification is not significantly associated with economic growth, indicating that
a relatively concentrated economic structure is insufficient to generate stronger growth
outcomes. By contrast, in the high-diversification regime (DI < 0.754), economic diversifi-
cation becomes positively and statistically significantly associated with economic growth,
supporting the existence of a nonlinear threshold relationship. These findings indicate that
higher levels of economic diversification (represented by lower values of the diversification
concentration index) become positively associated with economic growth only after the
estimated diversification threshold has been reached.

It is important to emphasize that these findings represent regime-dependent statistical
associations rather than causal effects, given the single-country time-series structure and
the presence of potential unobserved macroeconomic shocks.

To assess the robustness of the results, bootstrap OLS estimates based on 1000 repli-
cations are reported in Table 10. This approach provides inference that is less sensitive to
small-sample bias and distributional assumptions.
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Table 10. OLS estimation results with bootstrap standard errors (1995-2024).
Variables Coefficient Bootstrap Std. Error t-Statistic Prob
Lag GDP 0.201 0.165 1.22 0.235
DI 0.114 0.172 0.66 0.512
FDI 0.602 0.355 1.70 0.091 *
GCF 0.212 0.110 1.93 0.063 *
HC 0.238 0.248 0.96 0.341
GI —0.082 0.078 —1.05 0.296
OIL 0.087 0.041 212 0.043 **
COVID —0.176 0.086 —2.05 0.048 **
Constant 1.142 0.501 2.28 0.030 **

Notes: Bootstrap standard errors are based on 1000 replications. **, and * denote significance at 5% and 10% levels.

The results indicate that economic diversification does not exhibit a statistically sig-
nificant linear relationship with economic growth. This finding supports the baseline
specification and confirms that diversification alone does not systematically drive growth
in a linear framework.

However, the absence of a significant linear effect is consistent with the threshold
regression results, which show that the impact of diversification is regime-dependent
and becomes economically and statistically relevant only after surpassing a specific struc-
tural threshold. This provides additional evidence in favor of nonlinear dynamics in the
diversification—growth relationship and validates the use of the Hansen (1999) threshold
regression framework.

The results indicate that oil prices exert a positive and statistically significant effect on
economic growth, confirming the central role of oil market conditions in the Saudi economy.
In contrast, the COVID-19 dummy shows a significant negative impact, capturing the
contractionary effect of the pandemic shock. Importantly, economic diversification remains
statistically insignificant in the linear specification, reinforcing the existence of nonlinear
effects identified in the threshold regression model.

4.3. Robustness Checks

To further assess the stability of the estimated diversification threshold and the non-
linear diversification—growth relationship, several robustness analyses are conducted.
These analyses consistently indicate that the estimated threshold remains remarkably
stable across alternative model specifications and threshold-search assumptions, while
the positive association between economic diversification and economic growth in the
high-diversification regime is preserved. Given the limited number of annual observations
and the single-country time-series nature of the study, these robustness exercises provide
additional evidence that the main findings are not driven by a particular specification or
estimation choice.

As an initial robustness exercise, Table 10 reports a linear OLS specification estimated
with bootstrap standard errors based on 1000 replications. The results indicate that the
diversification index (DI) remains statistically insignificant under the linear specification,
while oil prices and the COVID-19 shock retain their expected significant effects. This
finding suggests that a conventional linear framework does not adequately capture the
diversification—-growth relationship and provides additional support for the nonlinear
threshold specification.

To further evaluate the stability of the estimated threshold, the Hansen (1999) threshold
regression is re-estimated under alternative model specifications. Specifically, the baseline
specification is modified by excluding the COVID-19 dummy, excluding the Governance
Index (GI), and estimating a more parsimonious model that retains only the core macroeco-
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nomic controls. In addition, alternative trimming percentages are applied in the threshold
search procedure to examine whether the estimated threshold is sensitive to the choice of
trimming assumptions. The results reported in Table 11 show that the estimated threshold
remains close to the baseline value of DI = 0.754 across all specifications, while the positive
association between diversification and economic growth in the high-diversification regime
remains statistically significant.

Table 11. Stability of the Estimated Diversification Threshold under Alternative Model Specifications.

DI coefficient (High-

Model Trimming (%) Estimated Sup-Wald Value Diversification Threshold
Specification gl Threshold (DI) Statistic P . Stability
Regime)
Baseline model 15% 0.754 22.15 0.010 *** 0.347 (0.043 **) Reference
specification

Excluding
COVID-19 15% 0.752 21.64 0.013 ** 0.338 (0.047 **) Stable (—0.002)
dummy
Excluding
Governance 15% 0.756 22.03 0.011 ** 0.352 (0.039 **) Stable (+0.002)
Index (GI)
Parsimonious 15% 0.751 20.98 0.018 ** 0.331 (0.049 *) Stable (—0.003)
specification
Alternative
trimming 10% 0.753 21.87 0.014 ** 0.341 (0.045 **) Stable (—0.001)
specification
Alternative
trimming 20% 0.757 20.76 0.019 ** 0.329 (0.052 **) Stable (+0.003)
specification

Notes: The robustness analysis re-estimates the Hansen (1999) threshold regression under alternative model
specifications and trimming values. The reported coefficients correspond to the high-diversification regime
(DI < threshold). Bootstrap procedures are used for threshold inference. ***, and ** denote significance at the 1%,
5%, and 10% levels, respectively.

Overall, the robustness results indicate that the main findings are not driven by a
particular set of control variables or threshold-search assumptions. Although the limited
sample size requires cautious interpretation, the consistency of the estimated threshold
across alternative specifications provides additional evidence supporting the presence of a
nonlinear diversification-growth relationship in Saudi Arabia.

Table 11 shows that the estimated diversification threshold is highly stable across all
alternative model specifications. The estimated threshold varies only between 0.751 and
0.757, while the bootstrap Sup-Wald statistic remains statistically significant in every speci-
fication. Furthermore, the coefficient of the diversification index in the high-diversification
regime remains positive and statistically significant throughout. These results provide
additional evidence that the estimated threshold relationship is robust to alternative model
specifications and threshold-search assumptions.

5. Discussion

The empirical findings provide strong support for the two hypotheses developed in
this study. First, the results confirm H1, indicating that the relationship between economic
diversification and economic growth is nonlinear and differs across diversification regimes
identified by the estimated threshold. The statistically significant Hansen (1999) Sup-Wald
test rejects the null hypothesis of linearity, while the estimated threshold (DI = 0.754)
separates the sample into two distinct diversification regimes characterized by different
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growth dynamics. This finding suggests that the diversification—growth nexus cannot be
adequately represented by a conventional linear specification.

Second, the results also support H2. Once the estimated diversification threshold is
reached, higher levels of diversification (corresponding to lower values of the diversification
concentration index) become positively and significantly associated with economic growth.
By contrast, in the low-diversification regime, the diversification index does not exert a
statistically significant effect on growth. These findings indicate that the economic benefits
of diversification emerge only after a sufficient degree of structural diversification has
been achieved.

The estimated threshold should not be interpreted as a direct causal effect of Saudi
Vision 2030. However, the timing of the identified threshold coincides with the period of
accelerated structural transformation associated with Vision 2030 reforms. Therefore, the
findings are broadly consistent with the objectives of Vision 2030, particularly the expan-
sion of non-oil sectors, enhancement of investment capacity, and promotion of economic
diversification. Nevertheless, given the single-country time-series framework, the analysis
identifies a structural association rather than a causal impact of the reform program.

In the low-diversification regime, the weak explanatory power of the model indicates
that growth dynamics remain constrained by the narrow productive base of the economy. In
this regime, economic performance is more sensitive to structural limitations and external
volatility. The positive but limited role of domestic investment suggests that growth is
still largely driven by internal capital accumulation rather than productivity-enhancing
external linkages. In contrast, oil prices emerge as an important driver of growth even in
this regime, reflecting the strong dependence of economic activity on hydrocarbon market
conditions. At the same time, the COVID-19 dummy exhibits a significant negative effect,
capturing the contractionary impact of the pandemic shock on output and reinforcing the
vulnerability of a less diversified economy to large external disruptions.

In contrast, the high-diversification regime exhibits a markedly different growth struc-
ture. Once the diversification threshold is crossed, economic diversification itself becomes
positively and significantly associated with growth, indicating that structural transfor-
mation begins to generate measurable economic returns. In this regime, foreign direct
investment, domestic investment, and human capital all become stronger and statistically
significant determinants of growth, suggesting improved absorptive capacity, enhanced
sectoral linkages, and more efficient allocation of resources. The identified threshold is
broadly consistent with the nonlinear diversification literature, which argues that diver-
sification effects tend to materialize only after economies achieve a sufficient degree of
structural transformation. Similar threshold-type evidence has been reported by Alhattali
et al. (2025) and Parteka et al. (2025), although the estimated threshold values differ across
countries and methodologies.

Oil prices remain positively significant but with a smaller marginal role compared
to the low-diversification regime, indicating a relative reduction in oil dependence. The
COVID-19 variable remains negative and significant, although its magnitude is lower,
suggesting that diversification contributes to greater macroeconomic resilience in the face
of external shocks.

Although the Global Governance Index (GI) is not statistically significant in either
regime, this finding suggests that governance quality does not exert a direct measurable
effect on economic growth within the estimated threshold model. Nevertheless, governance
may still contribute indirectly to long-term structural transformation by supporting policy
implementation, improving the investment climate, and facilitating economic diversifi-
cation. Therefore, governance should be viewed as a complementary institutional factor
rather than a direct determinant of growth in the present empirical framework.
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The persistence of oil price significance across both regimes highlights the continued
importance of global energy markets in shaping Saudi economic performance. However,
the reduction in its relative importance in the high-diversification regime suggests a gradual
decoupling of growth from oil price cycles. Similarly, the negative impact of COVID-19
across both regimes confirms the role of large exogenous shocks in temporarily disrupting
economic activity, while also showing that diversified economies are better able to mitigate
their effects.

From a policy perspective, the estimated threshold has important implications for the
sequencing of Saudi Arabia’s Vision 2030 strategy. In the early stage (below DI = 0.754),
policy priorities should focus on strengthening the foundations of structural transformation,
including expanding non-oil productive capacity, enhancing human capital, and improving
investment efficiency. In this stage, economic growth remains highly sensitive to oil market
conditions and external shocks, as evidenced by the strong role of oil prices and the
pronounced impact of COVID-19. Once the threshold is surpassed, diversification policies
become more strongly associated with growth outcomes, and the economy becomes better
positioned to benefit from foreign investment, human capital accumulation, and deeper
structural integration. The estimated threshold emerged during a period characterized
by intensified diversification reforms, including those implemented under Vision 2030.
However, this temporal coincidence should not be interpreted as evidence that Vision
2030 caused the estimated threshold relationship. Rather, the findings indicate that the
estimated threshold is consistent with the broader process of structural transformation
observed during the study period.

Overall, the results confirm that economic diversification is associated with a structural
reconfiguration of growth dynamics rather than a linear improvement in performance. The
transition from a low- to a high-diversification regime reflects a shift from an oil-dependent
and shock-sensitive growth structure toward a more resilient and factor-efficient economic
system. These findings contribute to the literature by providing empirical evidence of
nonlinear diversification-growth relationships in a resource-dependent economy, while
explicitly accounting for the role of oil price dynamics and exogenous shocks such as
COVID-19.

6. Conclusions

The findings based on the Hansen (1999) threshold regression framework provide
strong evidence that the relationship between economic diversification and economic
growth in Saudi Arabia is nonlinear and regime-dependent. The estimated threshold
value of DI = 0.754 identifies a structural turning point that separates two diversification
regimes with different growth dynamics. Because the diversification index employed in
this study is a concentration measure, lower DI values indicate higher levels of economic
diversification. Accordingly, the regime defined by DI < 0.754 represents a more diversified
economy, whereas DI > 0.754 reflects a relatively more concentrated economic structure.
The empirical results show that economic diversification is not significantly associated with
economic growth in the more concentrated regime but becomes positively and statistically
significantly associated with growth once the estimated diversification threshold is reached.
These findings support the existence of a nonlinear diversification—growth relationship
and indicate that the growth-enhancing association of diversification emerges only after
sufficient structural diversification has been achieved.

A key extension of the analysis is the explicit role of oil prices and the COVID-19 shock
in shaping growth dynamics. The results indicate that oil prices remain a central driver of
economic performance across both regimes, although their relative importance declines
in the high-diversification regime. This suggests that greater economic diversification is
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associated with a gradual reduction in the relative importance of oil price fluctuations
for economic growth. In contrast, the COVID-19 dummy exhibits a significant negative
effect on growth, highlighting the sensitivity of the Saudi economy to global shocks,
particularly in periods of structural transition. However, the magnitude of this effect is
lower in the high-diversification regime, suggesting that diversification contributes to
greater macroeconomic resilience.

At lower levels of diversification (DI > 0.754), economic diversification is not sig-
nificantly associated with economic growth, suggesting that a relatively concentrated
productive structure is insufficient to generate stronger growth outcomes. By contrast, once
the estimated diversification threshold is reached (DI < 0.754), diversification becomes
positively associated with economic growth, while foreign direct investment, domestic
investment, and human capital also become stronger growth-related factors. These re-
sults suggest that higher levels of diversification are associated with improved absorptive
capacity, stronger intersectoral linkages, and more efficient resource allocation.

Overall, the findings indicate that economic diversification should not be interpreted as
a uniformly growth-enhancing factor across all stages of structural transformation. Instead,
its association with economic growth depends on the level of diversification achieved.
The empirical evidence supports the existence of a nonlinear threshold relationship across
diversification regimes and shows that stronger positive growth associations emerge only
after the estimated diversification threshold is reached.

6.1. Policy Recommendations and Strategic Implications

The estimated threshold (DI = 0.754) carries important implications for economic
policy in Saudi Arabia. Because the estimated threshold separates two diversification
regimes with different growth dynamics, policy priorities should differ according to the
economy’s position relative to the estimated threshold. It suggests that the effectiveness
of diversification policies depends critically on the economy’s position relative to this
structural benchmark. In the early stage (below the threshold), policy priorities should
focus on strengthening non-oil productive capacity, improving institutional efficiency, and
enhancing human capital development to reduce vulnerability to oil price fluctuations and
external shocks such as pandemics.

In this stage, oil price dependence remains high, and shocks such as COVID-19 have
more pronounced effects on economic activity. Therefore, macroeconomic stabilization
policies and counter-cyclical fiscal frameworks are essential to maintain growth stability.

Once the threshold is surpassed, diversification policies become more effective in
generating growth-enhancing outcomes. At this stage, policy emphasis should shift toward
deeper integration into global value chains, innovation-driven sectors, and high-value-
added industries. Foreign direct investment should be strategically directed toward sectors
with strong spillover effects, while domestic investment and human capital accumulation
become more productive in supporting long-term growth.

Overall, the results suggest that diversification policy should be designed as a staged
and threshold-dependent strategy rather than a uniform policy framework.

6.2. Future Research Directions and Broader Analytical Horizons

This study opens several avenues for future research. First, extending the Hansen
threshold framework to multi-threshold or dynamic threshold models could provide deeper
insights into multi-stage structural transitions in resource-dependent economies. Second,
alternative nonlinear approaches such as smooth transition regression or Markov-switching
models could be employed to assess the robustness of the identified regime structure.
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Third, future studies could incorporate sectoral disaggregation of diversification mea-
sures to better identify the channels through which structural transformation affects growth.
Fourth, comparative panel studies across oil-exporting economies could enhance external
validity and help determine whether similar threshold effects exist in other contexts.

Despite its contributions, the study has several limitations. The analysis is based
on a relatively small annual time series (1995-2024), which may limit the precision of
regime-specific estimates. In addition, the estimated threshold should be interpreted as
an empirical representation of nonlinear associations within the sample rather than a
universal structural parameter. Finally, while the inclusion of oil prices and COVID-19
improves model specification, the results should be interpreted as evidence of regime-
dependent statistical associations rather than causal effects, given potential endogeneity
among macroeconomic variables.
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