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Abstract:

This study aims to examine the threshold effects of institutional quality, renewable energy, and financial development on
global warming potential among selected oil-producing OPEC member countries between 2000 and 2023. The research is
applied in purpose and descriptive-analytical in nature. The dataset consists of panel data from eight OPEC oil-producing
countries (Algeria, Iran, Iraq, Kuwait, Libya, Nigeria, Saudi Arabia, and the United Arab Emirates) over the period 2000-2023.
After conducting panel unit root and Kao cointegration tests to ensure data stability and long-run equilibrium, a Panel Smooth
Transition Regression (PSTR) model was employed to estimate nonlinear threshold effects. Institutional quality was used as
the transition variable, with an estimated threshold value of 0.964. The results revealed that institutional quality, financial
development, foreign direct investment, and renewable energy consumption have negative and significant impacts on global
warming potential. These effects become stronger once institutional quality surpasses its threshold level, indicating that
improved governance and institutional efficiency enhance the effectiveness of environmental policies in mitigating global
warming. In contrast, population growth and non-renewable energy consumption have positive and significant effects. The
adjusted R? value of 0.82 confirmed the robustness and explanatory power of the model. Improving institutional quality in
oil-producing countries—especially when it exceeds the threshold level—plays a pivotal role in reducing global warming.
Financial development, foreign investment, and renewable energy expansion also contribute to mitigation when supported
by strong and transparent institutions. Therefore, environmental policies should simultaneously strengthen institutional
structures and promote renewable energy adoption to ensure sustainable progress toward climate goals.
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Introduction

Global warming represents one of the most significant environmental and socioeconomic challenges of the 21st century.
Rising concentrations of greenhouse gases (GHGs)—particularly carbon dioxide (CO,), methane (CH,), and nitrous oxide
(N20)—have intensified the planet’s average surface temperature, altered precipitation patterns, and triggered severe
climatic disruptions worldwide (Buhaug et al., 2023). These changes not only threaten the stability of ecosystems but also
impact economic development, human health, and global security. Addressing this crisis requires a multidimensional
approach, integrating institutional, financial, and technological solutions capable of achieving sustainable energy transitions
(Marquardt et al., 2023).

Renewable energy has emerged as a strategic alternative to fossil fuels for mitigating the effects of global warming. Solar,
wind, hydro, and geothermal energy sources are environmentally friendly and play a key role in reducing dependency on
nonrenewable resources (Zhang et al., 2023). Nevertheless, the diffusion and effectiveness of renewable energy technologies
depend largely on institutional quality and financial system efficiency. Strong institutions foster accountability, transparency,
and stability—factors that ensure the efficient allocation of resources, the successful implementation of clean energy policies,
and the enforcement of environmental regulations (Ahmadi et al., 2024; Costa et al., 2022). In contrast, weak institutional
frameworks characterized by corruption, bureaucratic inefficiency, and poor governance hinder the adoption of green
technologies and the enforcement of emission control mechanisms (Ameer et al., 2022).

Institutional quality, therefore, functions as both a direct and an indirect determinant of environmental performance. It
not only shapes national policies but also interacts with other variables such as financial development and foreign direct
investment (FDI) to influence ecological outcomes. The interaction between these factors is particularly complex in oil-
producing economies, where dependence on fossil fuels and rentier institutional structures often constrain policy reforms
and sustainability efforts (Rehman & Rehman, 2022). The resource-dependent structure of these countries tends to amplify
economic and ecological vulnerabilities, reinforcing the importance of institutional reforms in mitigating environmental
degradation (Ofori et al., 2023).

Empirical research further supports this perspective. For instance, (Liu et al., 2022) found that renewable energy
consumption and institutional quality jointly contribute to reducing GHG emissions in emerging economies. Similarly,
(Ibrahim et al., 2022) highlighted the critical role of green financial development and innovation in achieving sustainable
growth in China. Moreover, (Gyimah et al., 2023) demonstrated that renewable energy adoption promotes both
environmental sustainability and economic growth when supported by sound institutional frameworks. Conversely, (Isfahani
et al., 2022) showed that countries with weak governance experience slower transitions toward renewable energy despite
technological advancements.

The interaction between institutional quality and renewable energy development also exhibits nonlinear characteristics.
According to the “threshold effect” hypothesis, marginal improvements in institutional quality initially produce limited
changes in environmental outcomes, but once a specific threshold is surpassed, the benefits increase exponentially (Rakshit
& Bardhan, 2023). This notion is particularly relevant to oil-exporting countries, where the governance gap often delays the
positive effects of environmental policies. Strengthening institutions beyond the critical threshold can, therefore, amplify the
impact of financial development and renewable energy consumption on reducing global warming potential (Ofori et al.,

2023).
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Recent studies have also explored how financial development affects the environment. Financial markets can promote
green growth by channeling funds toward eco-friendly investments and renewable energy projects (J. Liu et al., 2023).
However, without adequate institutional oversight, these mechanisms may lead to environmentally harmful investments in
energy-intensive or polluting sectors (Ameer et al., 2022). Thus, financial development may act as a double-edged sword: it
supports sustainability under efficient governance but exacerbates degradation under institutional fragility.

Building upon these perspectives, the present study aims to empirically examine the threshold effects of institutional
quality, renewable energy, and financial development on global warming potential (GWP) in a group of selected oil-producing
OPEC member countries (Algeria, Iran, Iraq, Kuwait, Libya, Nigeria, Saudi Arabia, and the United Arab Emirates) during the
period 2000-2023. This study contributes to the literature by employing a nonlinear modeling approach to determine how
improvements in institutional quality beyond a certain threshold can magnify the environmental benefits of renewable
energy and financial development.

Methods and Materials

This research adopts an applied and descriptive-analytical approach, using panel data for eight oil-producing OPEC
member countries over the 2000-2023 period. The dependent variable is the Global Warming Potential (GWP), calculated as
the weighted sum of CO,, CH4, and N,O emissions based on their respective global warming coefficients (1, 21, and 310).

Independent variables include institutional quality (GOV), financial development (FD), renewable energy consumption
(RENRGY), nonrenewable energy consumption (NONRENRGY), GDP per capita (GDP), population growth (POP), natural
resource abundance (NRSOURCES), and foreign direct investment (FDI). Institutional quality was measured using the Fraser
Institute’s composite index of governance, covering government size, legal systems and property rights, transparency,
freedom to trade, and regulation.

The empirical analysis proceeded in several steps:

1. Unit root testing was conducted using the Levin—Lin—Chu (LLC) and Im—Pesaran-Shin (IPS) panel unit root tests to
ensure stationarity of variables.

2. Panel cointegration analysis (Kao test) was performed to verify long-term equilibrium relationships among variables.

3. To capture nonlinear dynamics, the Panel Smooth Transition Regression (PSTR) model proposed by Terésvirta (1994)
was applied. This model allows parameters to vary smoothly between regimes depending on the value of a transition
variable—in this case, institutional quality.

4. Diagnostic tests such as the Chow test, LM test, and LRT test were employed to validate the presence of nonlinearity,
and the model’s goodness of fit was assessed using the adjusted R2.

Findings

The results of unit root and cointegration tests confirmed that all variables were stationary and cointegrated in the long
run, ensuring the appropriateness of the PSTR estimation. The Chow and Wald tests indicated significant nonlinearity,
validating the use of the PSTR model with institutional quality as the transition variable.

The threshold value for institutional quality was estimated at 0.964, signifying the level beyond which the effect of
institutional improvement on reducing global warming becomes substantially stronger. The slope parameter (y = 6.675)
indicated a relatively sharp transition between low- and high-quality institutional regimes, reflecting the sensitivity of

environmental performance to changes in governance efficiency.
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The PSTR model results revealed that institutional quality, financial development, foreign direct investment, and
renewable energy consumption exert negative and statistically significant effects on global warming potential. This implies
that higher institutional efficiency, deeper financial systems, and greater utilization of renewable energy collectively
contribute to reducing the overall warming effect in oil-producing countries.

In the nonlinear (high-quality institutional) regime, the magnitude of these negative effects increased markedly. For
instance, the coefficient of institutional quality changed from —0.047 in the linear regime to -0.266 in the nonlinear regime,
suggesting that surpassing the institutional threshold amplifies environmental benefits. Similarly, renewable energy
consumption exhibited a more pronounced mitigating effect on GWP under stronger governance conditions.

Conversely, variables such as GDP per capita, nonrenewable energy consumption, and population growth were found to
have positive and significant effects on global warming potential, highlighting the environmental costs of rapid economic
expansion and demographic pressure in oil-dependent economies. The adjusted R? value of 0.82 confirmed the high
explanatory power and reliability of the model.

Diagnostic tests, including the Durbin—Watson statistic and Breusch—Pagan test, confirmed the absence of autocorrelation
and heteroskedasticity, further validating the robustness of the estimates.

Discussion and Conclusion

The findings of this study emphasize the pivotal role of institutional quality in shaping the environmental outcomes of oil-
producing economies. The evidence suggests that improvements in governance—through enhanced transparency, regulatory
effectiveness, and control of corruption—can significantly reduce global warming potential, particularly after surpassing the
identified institutional threshold. This aligns with the theoretical argument that institutional reforms are prerequisite
conditions for sustainable energy transitions (Ahmadi et al., 2024; Marquardt et al., 2023).

Moreover, the nonlinear results demonstrate that institutional quality acts as a moderating mechanism that enhances the
effectiveness of both renewable energy consumption and financial development in mitigating environmental degradation. In
low-quality institutional environments, renewable energy policies may remain underfunded or poorly implemented due to
bureaucratic inefficiencies and misallocation of resources. However, once institutional quality exceeds the threshold, these
same policies become significantly more effective, confirming the “institutional amplification effect” described in previous
research (Ofori et al., 2023; Rakshit & Bardhan, 2023).

The negative and significant impact of financial development on global warming indicates that well-functioning financial
systems can play a constructive role in promoting environmental sustainability. Through mechanisms such as green credit
allocation, environmental risk assessment, and sustainable investment funds, financial markets can facilitate the financing of
clean technologies. However, this outcome is contingent on the presence of institutional integrity and policy alignment, as
weak institutions may channel financial resources toward polluting industries instead (Ameer et al., 2022).

The study also highlights the detrimental influence of nonrenewable energy consumption and population growth on
environmental outcomes. These findings underscore the need for oil-dependent economies to diversify their energy
portfolios and adopt policies that encourage cleaner energy alternatives. Similarly, rapid population growth without
corresponding infrastructure and policy adjustments may undermine efforts to reduce GHG emissions, reinforcing the

necessity for integrated planning and sustainable urbanization strategies (Rehman & Rehman, 2022).
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Overall, this study contributes to the empirical literature by confirming the existence of nonlinear, threshold-dependent
relationships between institutional quality, renewable energy, financial development, and global warming potential. It
demonstrates that policy interventions targeting institutional strengthening can yield disproportionate environmental
benefits once the institutional threshold is crossed.

From a policy perspective, the results imply that governments of oil-producing countries should prioritize institutional
reforms as a foundation for effective climate governance. Policies aimed at reducing global warming cannot succeed without
a robust institutional framework capable of enforcing environmental standards, allocating resources efficiently, and
incentivizing sustainable investments. Strengthening institutions thus serves as both a mitigation and an adaptation strategy
for addressing climate change.

In conclusion, the study underscores that institutional quality is the cornerstone of sustainable climate governance. The
environmental impact of financial development and renewable energy adoption depends critically on the quality of the
institutional environment. Once institutional efficiency surpasses the identified threshold, oil-producing countries can
achieve meaningful reductions in global warming potential while maintaining economic growth. These findings reinforce the
need for integrated policies that combine governance reforms, financial sector development, and renewable energy

expansion to ensure a sustainable transition toward low-carbon economies.
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