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Appendix A Table A1. Variable Construction and Description
	Variable
	Definition
	Measurement
	Transformation
	Source

	CO₂ emissions per capita
	Carbon emissions per person
	Metric tons per capita
	Log-transformed
	Global Carbon Project / OWID

	CO₂ intensity
	Emissions per unit of GDP
	CO₂ per GDP
	Log-transformed
	World Bank / OWID

	GDP per capita
	Economic development level
	Constant USD
	Log-transformed
	World Bank

	GDP per capita squared
	Non-linear income effect
	Square of ln(GDP)
	Constructed
	Author

	Renewable energy share
	Share of renewables in energy mix
	% of total energy
	Level
	IEA / World Bank

	Industry share
	Industrial structure
	% of GDP
	Level
	World Bank

	Urbanization rate
	Population in urban areas
	% of population
	Level
	World Bank

	Trade openness
	Economic integration
	% of GDP
	Level
	World Bank

	Governance index
	Institutional quality
	Composite index
	Level
	WGI



Appendix A Table A2. Summary of Data Treatment
	Step
	Description

	Data harmonization
	Variables aligned across sources

	Missing data
	Listwise deletion applied

	Outliers
	Winsorized at 1st and 99th percentiles

	Transformation
	Natural logarithm applied to key variables

	Non-linearity
	Squared GDP term constructed

	Panel structure
	Unbalanced panel (118 countries, 2000–2024)



Appendix B

Appendix B Table B1. Alternative Specification Results (Reduced Controls)
	Variables
	(1) Reduced Controls Model

	ln(GDP per capita)
	0.437*** (0.041)

	[ln(GDP per capita)]簡
	-0.000521*** (0.00009)

	Industry share
	0.203*** (0.038)

	Urbanization rate
	0.109** (0.050)

	Constant
	-3.012*** (0.612)

	Country FE
	Yes

	Year FE
	Yes

	Observations
	2,478

	R2
	0.66


Notes:** Robust standard errors in parentheses. *** p < 0.01, ** p < 0.05, * p < 0.10.

Appendix B Table B2. Sub-period Analysis
	Variables
	(1) 2000–2012
	(2) 2013–2024

	ln(GDP per capita)
	0.478*** (0.052)
	0.396*** (0.049)

	[ln(GDP per capita)]²
	-0.000503*** (0.00011)
	-0.000612*** (0.00010)

	Industry share
	0.221*** (0.044)
	0.185*** (0.041)

	Urbanization rate
	0.121** (0.056)
	0.098* (0.052)

	Trade openness
	0.068* (0.037)
	0.051 (0.034)

	Governance index
	-0.129*** (0.048)
	-0.141*** (0.046)

	Country FE
	Yes
	Yes

	Year FE
	Yes
	Yes

	Observations
	1,180
	1,298

	R²
	0.65
	0.69


Notes:** Robust standard errors in parentheses.

Appendix B Table B3. Alternative Threshold Estimation
	Regime
	ln(GDP per capita)
	Std. Error

	Low Renewable Regime
	0.508***
	-0.045

	High Renewable Regime
	0.231***
	-0.05


| Observations | 2,478 |
| R² | 0.70 |
Notes: **Threshold estimated using alternative initial values and grid search intervals.

Appendix C
Appendix C Table C1. Variance Inflation Factor (VIF) Test
	Variable
	VIF

	ln(GDP per capita)
	2.45

	[ln(GDP per capita)]2
	2.87

	Renewable energy share
	1.76

	Industry share
	1.92

	Urbanization rate
	2.11

	Trade openness
	1.68

	Governance index
	1.54

	Mean VIF
	2.05


All values below 5 → no multicollinearity concern.

Appendix C Table C2. Summary of Model Diagnostics
	Test
	Result

	Multicollinearity (VIF)
	No issue detected

	Heteroskedasticity
	Controlled (clustered SE)

	Serial correlation
	Controlled (panel clustering)

	Fixed effects validity
	Supported

	Model stability
	Consistent across specifications



