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Testing the Environmental Kuznets Curve (EKC) for the United States


Abstract
This study investigates the Environmental Kuznets Curve (EKC) hypothesis within the context of the United States, using annual time series data from 1971 to 2021. The EKC suggests an inverted U-shaped relationship between economic growth and environmental degradation—where environmental impact rises in early stages of development but declines as income levels increase. Ecological footprint is used as a proxy for environmental degradation, while GDP per capita represents economic growth.
The analysis employs Ordinary Least Squares (OLS) and Generalized Least Squares (GLS) regression techniques to test for non-linear effects. A structural break analysis is also conducted to account for the 2008 global financial crisis. Results from the GLS model support the EKC hypothesis, revealing that initial economic growth increases environmental degradation, but higher income levels eventually lead to environmental improvement. These findings highlight the importance of technological advancement and regulatory measures in achieving sustainable development in high-income countries like the United States.
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1. Introduction
In the contemporary discourse on sustainable development, the Environmental Kuznets Curve (EKC) hypothesis presents a pivotal analytical framework, positing that economic growth initially leads to environmental degradation, but beyond a certain level of income per capita, the trend reverses, suggesting an improvement in environmental conditions (Ahmad et al, 2021). The United States, with its substantial economic growth, technological advancements, and stringent regulatory frameworks, provides a unique context to explore the EKC. Historical data suggest that as nations develop, industrialization increases, leading to heightened environmental pollutants; however, at higher levels of income, greater environmental awareness and improved technologies contribute to reducing pollution levels (Atasoy, 2017).
This study will explore the Environmental Kuznets Curve (EKC), which theorizes an inverted U-shaped relationship between economic development and environmental degradation. The EKC suggests that in the early stages of economic growth, environmental pollution increases as industrial activities expand. However, after reaching a certain level of economic development, further growth results in a decrease in pollution due to the adoption of advanced technologies and the implementation of stricter environmental regulations (Shahbaz et al, 2017). This research aims to test the applicability of this hypothesis in the context of the United States, focusing on whether this pattern is evident given the nation’s recent economic and industrial transformations.
Critically, the EKC hypothesis has been both supported and challenged in scholarly debates. Proponents argue that higher economic thresholds enable better environmental governance and cleaner technologies, while critics highlight that economic growth could be inherently tied to environmental exploitation without stringent environmental policies and innovations in sustainable practices (Ongan et al, 2021).
Furthermore, this study addresses structural breaks due to the 2008 global financial crisis that changed the overall structure of the global economy, including the U.S. The crisis, sparked by the implosion of the U.S. subprime mortgage market, caused a global credit crunch and economic slowdown, making international investors wary of investing in the U.S economy (Azam & Khan, 2016). Hence, it becomes pertinent to perform structural break analysis.
Additionally, previous studies such as those by Dogru et al, (2020) suggest the possibility of a non-linear relationship between economic growth and the environment. As such, this study provides evidence of a non-linear relationship between GDP per capita (GDPPC) and environmental degradation in the United States.
In conclusion, examining the EKC for the United States can contribute to the broader academic literature on the impact of growth on the environment. This can help advance our understanding of the complex relationship between growth and environmental protection and inform policies and practices that promote sustainable development.
The rest of this study is organized as follows: Model Specification, Data, Empirical Results, and Conclusions.

2. Model Specification 
Theoretical Framework
This study examines the Environmental Kuznets Curve (EKC) hypothesis, which postulates an inverted U-shaped relationship between economic growth and environmental degradation. The central tenet of the EKC is that during the initial stages of economic development, activities associated with economic growth tend to increase environmental pollution. However, the curve suggests that there is a critical turning point at which further economic growth leads to improvements in environmental conditions, ultimately resulting in reduced pollution levels (Sarkodie & Strezov, 2018). This research aims to test the validity of the EKC hypothesis specifically for the United States, exploring whether the predicted pattern holds true in the context of its economic and environmental policies.
Model
Following the theoretical proposition of Wang et al, (2023) and the previous studies of Dogru et al, (2020) and Pata (2021), this study has its model in functional form as follow: 
……………. (1)
This can then be rewritten in econometric form as follows;
……….. (2)
Furthermore, as stated in the introductory part of this paper, the global financial crisis of 2008 had a significant impact on economic growth in the United States and the global economy.  As a result, this study tests for structural break and has it final model in econometric form as follow: 
…….. (3)
Where EF (ecological footprint) is the dependent variable and is used as a proxy for environmental degradation. GDPPC is gross domestic product per capita and the main regressor for testing the EKC. is the square of gross domestic product per capita, which is used to account for the non-linear impact. My choice of variables is clearly in line with the EKC, and the square of GDDPC is clearly introduced in line with previous studies of Dogru et al, (2020).   is the error term and  , are the coefficients to be estimated.  , where t = 1, 2 and 3 are the changes in coefficients.  = 0 pre 2008 and  = 1 post 2008 due to the global financial crisis.


A-Priori Expectation
Based on the proposition of EKC, we expect  > 0. That is an increase in economic growth at the early stage of development should increase environmental degradation in the US. However, it is expected that < 0 because of the non-linear impact. This implies that GDPPC improves the environment after a turning point. Also, we generally expect the coefficients  and  to have similar sign as  and 
Hypothesis
The EKC posits that environmental Quality improves with economic growth after the early stage of growth as such this study test the Null hypothesis that  = 0 and  = 0 as against the alternative   > 0 and  < 0 respectively. Also from the structural change model, the study test for the joint and individual significance of the change in coefficients  and . 
3. Data
The data utilized in this study are time series on United State, collected annually from 1971- 2021. Total observation is 51. The choice of period is strictly based on the availability of data on the dependent variable (EF).
Table1: Definition, Unit and Sources of Data.
	Variable
	Definition
	Unit
	Source

	EF
	This calculates how much biologically productive area is required to produce the resources required by the human population and to absorb humanity's carbon dioxide emissions
	Global Hectares Per Capita
	Global Footprint Network

	GDPPC
	GDP per capita is real gross domestic product divided by midyear population. GDP is the sum of gross value added by all resident producers in the economy, plus any product taxes, and minus any subsidies not included in the value of the products.
	Per capita
	World Development Indicator 


Source: Author’s Computation
4. Empirical Results
In this section, the study starts by presenting the Ordinary Least Squares result for the econometric model 2 and tests for the presence of autocorrelation via Durbin Durbin-Watson test.  Generally, most of the variables have their expected signs and are also significant.  which is the expected ecological footprint when other regressors are zero, is plausible and significant at 1 percent.  Also, estimate (0.6421), which is the coefficient of GDPPC, has a positive sign and is significant at 1percent. Furthermore, the  estimate (-0.2319), which represents the coefficient of the square of GDPPC, has the expected sign and is significant at 1%. This suggests the possibility of a non-linear relationship between GDDPC and environmental degradation. ,  and  are the changes in coefficient due to structural break and while   is significant at 10%,  and  are not significant. The adjusted   shows that 89% of the variation in ecological footprint is explained by the regressors.  However, I won’t make any inference from the OLS results due to the presence of autocorrelation as indicated by Durbin Watson test. The DW test has a value of 1.519 and is significant at 5%.


table 2: Ordinary Least Squares (OLS) Regression
	EFP
Variables
	β1
	



	β2
	    GDPPC



	     β3
    GDPPC2
	



	δ1
	



	δ2
GDPPC
	



	δ3

	



	

	



	DW

	
	4.6993***
	0.6421***
	- 0.2319***   
	−1.4232*
	-0.9089
	− 0.1948      
	    0.89
	1.519**

	

	(0.0000)
	(0.0000)
	(0.0000)
	    (0.07)
	(0.2465)
	  (0.2563)
	
	(0.016)


Source: Author’s computation, 2024 ***, **, * represents statistical significance at 1%, 5% and 10%, respectively. Probability values are in parenthesis.

Output 2 presented below is that of Generalized least squares (GLS) that corrects for autocorrelation found in the OLS regression. In the presence of autocorrelation, the OLS estimator is inefficient, and its inferences are incorrect. In such cases, GLS can be a more appropriate estimation method than OLS as it provides more accurate inference (Andrews & Guggenberger, 2012). In output 2, all the coefficients have their expected signs except for the change in coefficients due to the structural break (,  and ). The findings show that the intercept (  is significant at 1%. This means that the expected ecological footprint is 3.64 when other regressors are zero. Also, the estimate (0.6190) which is the coefficient of GDPPC has a positive sign and is significant at 1%. This implies that a unit increase in GDP per capita increases the expected ecological footprint by 0.6190. This relationship suggests that the early stage of economic growth bring about increasing pollution. This result supports the study of Wang et al, (2023). Additional findings reveal that the square of GDPPC has a negative coefficient of 0.4843 and is significant at 1%. This indicates that, though GDPPC initially reduce environmental quality as suggested by the EKC, there is a turning point by which GDPPC improves the environment in United State. This may be due to Scale effects which means that stable growth can bring in advanced technology as production scale up. The coefficient of the square of GDPPC and GDPPC squared confirmed the existence of an inverted-U shape relationship between growth and environmental degradation. This result is consistent with the submission of Dogru et al, (2020).
table 3: Generalized Least Squares (GLS) Regression
	EFP
Variables
	β1
	



	β2
	         GDPPC



	β3

	



	δ1
	



	δ2
GDPPC
	



	δ3

	



	Chow Test


	



	

	
	3.6410***
	0.6190***
	-0.4843***   
	-1.1468*
	0.8068
	− 0.1664      
	f-stat = 
	15.35

	

	(0.0000)
	  (0.0000)
	(0.0000)
	    (0.04)
	(0.2056)
	  (0.3261)
	
	(0.001)


Source: Author’s computation, 2024 ***, **, * represents statistical significance at 1%, 5% and 10%, respectively. Probability values are in parenthesis.

Turning to the structural breaks, one can easily see that the computed Chow test of 15.35 is significant at 1%. From this result, we can confirm the presence of structural break in the model.  which is the change in intercept has a value of -1.1468 and is significant at 5%. however, the negative sign of  does not conform our expectation. Furthermore,  and  which are the changes in  and  have signs that deviated from expectation. However, they are not significant, which clearly indicates that these coefficients are not affected by a structural break. In general, there is evidence of structural break, even if there is no such evidence, it might have been that it is hidden under serial correlation.
5. Conclusion
This study rigorously tested the Environmental Kuznets Curve (EKC) hypothesis within the United States, aiming to understand the relationship between economic growth and environmental degradation. The findings reaffirm the EKC's assertion of an inverted U-shaped relationship between GDP per capita (GDPPC) and environmental degradation, as represented by the ecological footprint (EF). The final equation that stood out in our analysis, incorporating GDP per capita and its square (GDPPC²), alongside adjustments for the 2008 financial crisis, captures the non-linear effects postulated by the EKC hypothesis.
The estimated equation,  illustrates that initial economic growth leads to increased environmental degradation, as indicated by a positive coefficient for GDPPC (). However, beyond a certain level of income, as captured by the negative coefficient of GDPPC² (), the trend reverses, showing improvement in environmental quality. This turning point, integral to the EKC hypothesis, is indicative of a threshold beyond which economic maturity contributes to environmental sustainability through advanced technologies and improved regulatory measures.
The inclusion of dummy variables () for the post-2008 era indicates a structural break, reflecting the significant impact of the global financial crisis on the U.S. economic and environmental landscape. While the crisis introduced volatility in the economic indicators, it did not deter the underlying EKC relationship, emphasizing the resilience of the U.S. in maintaining environmental improvements despite economic disruptions.
These findings are particularly consequential as they underscore the practical implications of the EKC for policymakers: economic growth does not inherently lead to environmental degradation but can, under the right conditions, enhance environmental quality. This aligns with the initial motivation of the study to evaluate how technological advancements, and stringent regulations could offset the negative impacts of early economic activities. Thus, the study not only validates the EKC within the modern U.S. context but also provides a hopeful trajectory for other nations striving for sustainable development. This dual focus on economic and environmental progress is essential for informing future policies that support sustainable economic development without compromising environmental integrity.
References
Ahmad, M., Muslija, A. & Satrovic, E. (2021) Does economic prosperity lead to environmental sustainability in developing economies? Environmental Kuznets curve theory. Environ Sci Pollut Res 28, 22588–22601. https://doi.org/10.1007/s11356-020-12276-9.
Atasoy, B. S. (2017). Testing the environmental Kuznets curve hypothesis across the US: Evidence from panel mean group estimators. Renewable and Sustainable Energy Reviews, 77, 731-747.
Azam, M., & Khan, A. Q. (2016). Testing the Environmental Kuznets Curve hypothesis: A comparative empirical study for low, lower middle, upper middle and high income countries. Renewable and Sustainable Energy Reviews, 63, 556-567.
Dogru, T., Bulut, U., Kocak, E., Isik, C., Suess, C., & Sirakaya-Turk, E. (2020). The nexus between tourism, economic growth, renewable energy consumption, and carbon dioxide emissions: contemporary evidence from OECD countries. Environmental Science and Pollution Research, 27, 40930-40948.
Ongan, S., Isik, C., & Ozdemir, D. (2021). Economic growth and environmental degradation: evidence from the US case environmental Kuznets curve hypothesis with application of decomposition. Journal of Environmental Economics and Policy, 10(1), 14-21.
Pata (2021) U.K. Renewable and non-renewable energy consumption, economic complexity, CO2 emissions, and ecological footprint in the USA: testing the EKC hypothesis with a structural break. Environ Sci Pollut Res 28, 846–861. https://doi.org/10.1007/s11356-020-10446-3.
Sarkodie, S. A., & Strezov, V. (2018). Empirical study of the environmental Kuznets curve and environmental sustainability curve hypothesis for Australia, China, Ghana and USA. Journal of cleaner production, 201, 98-110.
Shahbaz, M., Solarin, S. A., Hammoudeh, S., & Shahzad, S. J. H. (2017). Bounds testing approach to analyzing the environment Kuznets curve hypothesis with structural beaks: the role of biomass energy consumption in the United States. Energy Economics, 68, 548-565.
Wang, Q., Yang, T., & Li, R. (2023). Does income inequality reshape the environmental Kuznets curve (EKC) hypothesis? A nonlinear panel data analysis. Environmental Research, 216, 114575.


 1

