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Objective: This study aims to examine the linear and nonlinear spillover effects of
global crude oil price volatility on base metal exports, emphasizing the threshold role
of geopolitical risk in selected mineral-rich countries.

Methodology: The study employs annual panel data for selected countries endowed
with mineral and base metal resources over the period 2005-2024. Qil price volatility
is extracted using conditional volatility models, and the Panel Smooth Transition
Regression (PSTR) approach is applied to capture both linear and nonlinear dynamics.
Geopolitical risk is introduced as the transition variable, while economic complexity,
institutional quality, economic policy uncertainty, capital formation, labor, and energy
consumption are incorporated as key explanatory variables.

Findings: The PSTR estimation results indicate that oil price volatility, geopolitical
risk, and economic policy uncertainty exert statistically significant negative effects on
base metal exports. Conversely, institutional quality, economic complexity, capital,
labor, and energy consumption have significant positive impacts. The results also
confirm the existence of a meaningful geopolitical risk threshold, beyond which the
adverse effects of oil price volatility and policy uncertainty intensify, while the
mitigating role of institutional and structural factors becomes stronger.

Conclusion: The findings suggest that sustaining base metal exports in mineral-rich
countries critically depends on managing oil price volatility, mitigating geopolitical
risks, and reducing policy uncertainty, while strengthening institutional quality and
economic complexity enhances resilience against external shocks.

Keywords: Oil price volatility, Geopolitical risk, Base metal exports, Economic
complexity, Institutional quality, PSTR model
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EXTENDED ABSTRACT
Introduction

Global commodity markets have become increasingly interconnected over the past two decades,
with crude oil prices playing a central role in transmitting shocks to other commodity markets, particularly
base metals. Oil is not only a key input in the extraction, processing, and transportation of metals, but also
a major source of macroeconomic uncertainty that influences investment decisions, exchange rates, and
trade flows. A growing body of literature emphasizes that volatility in oil prices, rather than price levels
alone, is a crucial channel through which shocks are propagated across commodity markets (Cunado et al.,
2024; Melas, 2024). For countries endowed with mineral and base metal resources, this linkage is especially
important, as base metal exports constitute a substantial share of total export revenues and are closely tied
to energy costs and global demand conditions.

Empirical studies have documented significant volatility spillovers between oil and metal markets,
often intensifying during periods of global uncertainty or financial stress (Marobhe & Zhang, 2023;
Tessmann et al., 2024). These spillovers are shown to be time-varying and regime-dependent, suggesting
that linear models may fail to capture the true dynamics of commodity interdependence (Alzate-Ortega,
2024; Yildirim et al., 2020). In parallel, recent research highlights the role of geopolitical risk as a major
source of global instability, capable of amplifying commodity price volatility and disrupting trade and
investment flows. Rising geopolitical tensions, sanctions, and regional conflicts tend to increase
uncertainty, raise transaction costs, and weaken export performance in resource-rich economies (Jung,
2022; Ozdemir, 2025).

Beyond global shocks, domestic structural factors play a decisive role in shaping how economies
absorb and transmit external volatility. Institutional quality has been widely recognized as a key
determinant of economic resilience, influencing policy credibility, investor confidence, and the
effectiveness of stabilization mechanisms (Azizietal., 2021; Rezagholizadeh et al., 2025). However, evidence
also suggests that resource-rich economies may face structural resistance to institutional improvement,
which can exacerbate vulnerability to external shocks (Owjimehr, 2024; Sibanda et al., 2023). Alongside
institutions, economic complexity has emerged as a powerful framework for understanding differences in
export performance and shock absorption capacity. Economies with higher levels of complexity tend to
export more diversified and knowledge-intensive products, reducing reliance on raw materials and
increasing resilience to commodity price volatility (Neagu, 2021; Vu, 2019). Empirical studies show that
greater economic complexity can mitigate the adverse effects of natural resource dependence and enhance
export stability (Awoa & Nkombo, 2024; Chairul et al., 2025).

Despite these advances, several gaps remain in the literature. First, most existing studies focus on
price or return spillovers, while relatively little attention has been paid to real trade outcomes such as base
metal exports. Second, the joint role of oil price volatility, geopolitical risk, economic policy uncertainty,
institutional quality, and economic complexity has rarely been examined within a unified nonlinear
framework. Third, evidence for developing and mineral-rich countries remains limited, even though these
economies are among the most exposed to commodity-driven shocks (Atakhanova et al., 2025; Li et al.,
2024). Addressing these gaps, the present study investigates how global oil price volatility spills over to



base metal exports in selected mineral-rich countries, emphasizing nonlinear dynamics and the threshold
role of geopolitical risk.

Methods and Materials

This study employs an annual panel dataset covering a group of selected developing and emerging
economies endowed with significant mineral and base metal resources over the period 2005-2024. The
dependent variable is base metal exports, measured as the share of base metals and mineral products in
total merchandise exports. The key explanatory variable is oil price volatility, extracted using conditional
volatility models based on international crude oil price data. Additional covariates include geopolitical
risk, economic policy uncertainty, institutional quality, economic complexity, gross fixed capital
formation, labor input, and per-capita energy consumption.

To capture potential nonlinearities and regime-dependent relationships, the analysis applies the
Panel Smooth Transition Regression (PSTR) model. This approach allows regression coefficients to vary
smoothly between regimes defined by a transition variable, rather than assuming abrupt structural breaks.
Geopolitical risk is specified as the transition variable, enabling the identification of threshold effects and
differential impacts of oil price volatility and other determinants across low-risk and high-risk regimes.
Prior to estimation, standard panel unit root tests are conducted to ensure stationarity of the variables.
Linearity tests are then used to justify the adoption of the PSTR framework and to determine the
appropriate number of regimes and transition functions. Model adequacy is assessed through diagnostic
tests for serial correlation, heteroskedasticity, and parameter stability.

Findings

The empirical results strongly reject the null hypothesis of linearity, confirming the presence of
nonlinear dynamics in the relationship between oil price volatility and base metal exports. The PSTR
estimates indicate that oil price volatility exerts a statistically significant negative effect on base metal
exports across the sample countries. This negative impact is relatively moderate in the low-geopolitical-
risk regime but becomes substantially stronger once geopolitical risk exceeds the estimated threshold
level.

Geopolitical risk itself has a direct and significant negative effect on base metal exports, reflecting
the disruptive influence of political instability and international tensions on trade flows. Moreover,
geopolitical risk acts as a powerful transition variable: in the high-risk regime, the adverse effects of oil
price volatility and economic policy uncertainty are amplified, leading to sharper declines in export
performance.

Economic policy uncertainty is found to have a significant negative impact on base metal exports,
indicating that unstable and unpredictable policy environments discourage investment and hinder export
capacity in mineral-intensive sectors. Similar to oil price volatility, the negative effect of policy
uncertainty intensifies in the high-geopolitical-risk regime.

In contrast, institutional quality has a positive and statistically significant effect on base metal
exports. Countries with stronger institutions experience higher and more stable export performance, and
this positive effect becomes more pronounced under high geopolitical risk conditions, suggesting a
buffering role of institutions against external shocks. Economic complexity also shows a robust positive
association with base metal exports. Economies with more diversified and knowledge-intensive
production structures are better able to sustain export performance, even in adverse global environments.
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Control variables behave largely as expected. Capital formation, labor input, and energy
consumption all exert positive and significant effects on base metal exports, underscoring the importance
of productive capacity, human resources, and energy availability in supporting export activity. Notably,
the positive contributions of these real factors are stronger in the high-risk regime, highlighting their role
in enhancing resilience when external conditions deteriorate.

Discussion and Conclusion

The findings provide clear evidence that the impact of oil price volatility on base metal exports is
both negative and nonlinear, and that geopolitical risk plays a critical threshold role in shaping this
relationship. When geopolitical risk is low, oil price volatility exerts a manageable drag on exports, but
once risk rises beyond a certain point, volatility spillovers intensify and export performance deteriorates
sharply. This underscores the importance of considering regime-dependent dynamics when analyzing
commodity-driven economies.

The results also highlight the central role of domestic structural factors in mediating external
shocks. Strong institutional quality emerges as a key stabilizing force, capable of mitigating the adverse
effects of oil price volatility, policy uncertainty, and geopolitical tensions. Similarly, higher economic
complexity enhances export resilience by reducing dependence on raw material exports and enabling
greater value addition. These findings suggest that resource abundance alone does not determine export
outcomes; rather, the way resources are embedded within institutional and productive structures is
decisive.

From a policy perspective, the evidence points to the need for a multidimensional strategy to
stabilize and enhance base metal exports in mineral-rich economies. Managing exposure to oil price
volatility requires not only macroeconomic stabilization tools, but also efforts to reduce vulnerability
through diversification, institutional strengthening, and capacity building. Reducing economic policy
uncertainty and improving governance can foster investment and export growth, while promoting
economic complexity through industrial upgrading and skills development can increase long-term
resilience.

In conclusion, this study contributes to the literature by providing a comprehensive nonlinear
analysis of the spillover effects of oil price volatility on base metal exports, incorporating geopolitical
risk, institutional quality, and economic complexity within a unified framework. The results demonstrate
that export performance in mineral-rich countries is shaped by a complex interaction of global shocks and
domestic structures, and that effective policy responses must address both dimensions simultaneously.
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