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Abstract

This study examines whether good governance changes the effect of human development
on carbon dioxide (CO,) emissions in selected OPEC member countries. Annual data for
2002-2022 were analyzed using the Generalized Method of Moments (GMM) to account
for dynamic effects and potential endogeneity, followed by Panel Threshold Regression
(PTR) to identify nonlinear governance regimes. The results show that the environmental
effect of human development depends on governance quality. The estimated governance
threshold is —0.0320. Below this threshold, HDI has a positive and statistically signifi-
cant effect on CO, emissions, with a coefficient of 5.94 (P<0.05). Above the threshold,
the effect becomes negative and significant, with a coefficient of —48.97 (P<0.05). Thus,

stronger governance can reverse the environmental effect of human development and
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contribute to lower carbon emissions. The findings are applicable primarily to the select-
ed OPEC countries and their specific institutional conditions.

Keywords: Good Governance, Human Development, Carbon Dioxide Emissions, GMM,
Panel Threshold Regression, OPEC Countries, Environmental Quality.

JEL Classification: O15, Q53, D73, C23.

Introduction: CO, emissions are a major environmental challenge, while their relation-
ship with economic and human development depends on energy use, production struc-
tures, technology, and environmental policies (Arrow et al., 1995; Stern, 2004). HDI,
which reflects health, education, and income, can influence emissions through changes in
economic activity, consumption, energy demand, and technology adoption. Therefore, its
environmental effect may differ across institutional settings (Costa et al., 2011; Hossain
& Chen, 2021).

Good governance can affect this relationship by strengthening environmental regulation,
accountability, resource allocation, and the adoption of cleaner technologies. Converse-
ly, weak institutions may allow development to remain dependent on fossil fuels and
carbon-intensive production (Dasgupta et al., 2006; Zhang et al., 2022). This issue is
particularly relevant to OPEC economies because of their dependence on oil and natu-
ral resources and associated institutional challenges (Auty, 2001; Ross, 2013). Previous
studies have reported mixed evidence on the HDI-CO; relationship, while recent research
suggests that governance quality may condition the environmental consequences of de-
velopment (Leitdo, 2024; Rahman & Sultana, 2024; Mawutor et al., 2025). However,
limited attention has been given to whether this relationship changes when governance
crosses a critical threshold. This study addresses this gap by examining the role of good
governance in the HDI-CO, relationship in selected OPEC countries.

Materials & Methods: The study uses annual data for 2002—-2022 for nine OPEC coun-
tries: Algeria, Angola, and the Republic of the Congo, Gabon, Iran, Iraq, Libya, Saudi
Arabia, and the United Arab Emirates. Equatorial Guinea, Kuwait, Nigeria, and Ven-
ezuela were excluded because of insufficient data, resulting in a balanced panel. CO,
emissions per capita were obtained from the World Development Indicators (World Bank,
2019), and HDI data were obtained from the United Nations Development Programme
(UNDP, 2019).

Good governance (GG) was constructed as the simple average of the six Worldwide Gov-
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ernance Indicators: Voice and Accountability, Political Stability and Absence of Violence,
Government Effectiveness, Regulatory Quality, Rule of Law, and Control of Corruption.
Economic growth, trade openness, and energy consumption were included as control
variables. GMM was used to account for the dynamic nature of emissions and potential
endogeneity, while PTR based on Hansen (1999) was employed to identify nonlinear
effects of HDI across governance regimes. Diagnostic results support the model spec-
ification: the Kao cointegration test indicates a long-run relationship (t = —3.125481; P
= 0.0009), the Sargan test supports instrument validity (217.3753; P = 0.1102), and the
Arellano—Bond AR(2) test indicates no second-order serial correlation (P = 0.4039).
Discussion & Result: The GMM results indicate that HDI has a negative and significant
effect on CO;, emissions (—0.6319262; P=0.007). Lagged CO, emissions are positive and
significant (0.8855578), confirming substantial persistence. Good governance also reduc-
es emissions (—0.1764637; P = 0.032), whereas economic growth (0.0269618; P<0.001),
trade openness (0.0021999; P = 0.046), and energy consumption (0.0003278; P<0.001)
increase CO, emissions. The positive effect of energy consumption is consistent with pre-
vious evidence emphasizing the role of energy structure in environmental performance
(Dogan & Ozturk, 2017; Zhu et al., 2016).

The PTR analysis identifies one statistically significant governance threshold at —0.0320,
with a 95% confidence interval of —0.2078 to 0.4382. The threshold effect is significant
(F = 98.83; P =0.0000). Below the threshold, HDI has a positive and significant effect
on CO, emissions (5.94; P<0.05), indicating that under weak governance, improvements
in health, education, and income may be accompanied by greater fossil-fuel consumption
and carbon-intensive production. Above the threshold, the effect becomes negative and
significant (—48.97; P<0.05). Thus, crossing the governance threshold reverses the HDI-
CO; relationship from pollution-enhancing to pollution-reducing. This result indicates
that institutional quality can determine whether human development generates additional
environmental pressure or contributes to environmental improvement (Dasgupta et al.,
2006; Rahman & Sultana, 2024).

Conclusion: The findings demonstrate that the environmental consequences of human
development in selected OPEC countries are conditional on governance quality. Although
the baseline GMM estimation shows a negative effect of HDI on CO, emissions, the

PTR results reveal a nonlinear relationship: HDI increases emissions when governance
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is below —0.0320 but reduces emissions when governance exceeds this threshold. Good
governance therefore represents a critical institutional condition for translating human
development into improved environmental outcomes.
The results suggest that OPEC countries should strengthen transparency, accountability,
government effectiveness, regulatory quality, rule of law, and control of corruption along-
side environmental policies. Promoting renewable energy, improving energy efficiency,
reducing fossil-fuel dependence, strengthening environmental standards, and developing
green human capital can help ensure that improvements in health, education, and in-
come are accompanied by lower carbon emissions. Given the limited sample, the findings
should be interpreted within the institutional and economic context of the selected OPEC
countries and generalized cautiously.
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