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Testing the Environmental Kuznets Curve (EKC) for the United States
Abstract
This study empirically tests the Environmental Kuznets Curve (EKC) hypothesis for the United States using annual data from 1971 to 2021. The EKC posits an inverted U-shaped relationship where economic growth initially exacerbates environmental degradation before eventually mitigating it after a certain income threshold is reached. This analysis uses ecological footprint per capita to measure environmental degradation and GDP per capita to represent economic growth.
The methodology applies Ordinary Least Squares (OLS) and Generalized Least Squares (GLS) regression techniques to model the non-linear relationship. A key contribution is the incorporation of a structural break analysis to account for the effects of the 2008 global financial crisis, which was confirmed to be statistically significant. The GLS estimation, which corrects for serial correlation present in the OLS model, provides clear evidence supporting the EKC hypothesis for the U.S. The results indicate that while initial economic growth increases the ecological footprint, a turning point is reached after which higher income levels lead to environmental improvement. This finding underscores the critical role of technological advancement, scale effects, and regulatory frameworks in enabling sustainable development pathways in high-income economies.
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1. Introduction
In current discussions on sustainable development, the Environmental Kuznets Curve (EKC) serves as an important framework. It proposes that economic expansion at first increases environmental stress, but after income surpasses a particular threshold, the pattern shifts and environmental quality improves (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 (Mahmood & Houaneb, 2023). 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 test the theoretical framework of the Environmental Kuznets Curve (EKC) within the context of the United States. The EKC posits a non-linear, inverted U-shaped relationship where economic development initially exacerbates environmental degradation before eventually mitigating it (Işık et al, 2023). The hypothesized turning point occurs as higher income levels enable the adoption of efficient technology and robust environmental governance (Shahbaz et al., 2017). This analysis evaluates whether the Environmental Kuznets Curve hypothesis holds true for the United States, particularly considering its significant economic restructuring and industrial modernization. The study's relevance is amplified by the lack of consensus within academic literature, where empirical evidence both corroborates and contests the EKC's fundamental assertions (Bunnag, T., 2023). 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 2008 financial crisis, which originated in the U.S. subprime mortgage sector, triggered a worldwide economic contraction and a severe tightening of credit availability. This erosion of global investor confidence in American markets underscores the necessity of conducting a structural break analysis in this study (Azam & Khan, 2016).
Building upon established research that identifies a non-linear interplay between economic activity and ecological effects (Dogru et al., 2020), this paper offers empirical support for such a relationship between U.S. GDP per capita and environmental degradation.
Consequently, this analysis of the EKC in the U.S. context adds a significant case study to the existing body of literature. The findings aim to clarify the intricate dynamics between economic advancement and ecological preservation, thereby offering valuable insights for shaping effective sustainable development policies.
The rest of this research is structured as follows: Model Specification, Data, Empirical Results, and Conclusions.

2. Model Specification 
Theoretical Framework
This research investigates the foundational premise of the Environmental Kuznets Curve (EKC), namely its proposition of an inverted U-shaped linkage between a nation's economic progression and its ecological footprint. According to this theory, the early phases of industrialization and development typically exacerbate environmental harm due to expanding economic activity. A core aspect of the EKC, however, is its assertion that upon reaching a specific income threshold, economic advancement begins to correlate with environmental recovery, largely attributable to technological innovation and stricter regulatory frameworks (Sarkodie & Strezov, 2018). The objective of this analysis is to evaluate the empirical validity of this hypothesized relationship within the unique economic and policy landscape of the United States.
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 follows: 
……………. (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 lead to increased 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 a similar sign as  and 
Hypothesis
The EKC posits that environmental quality improves with economic growth after the early stage of growth (Anwar et al, 2022). As such, this study tests the Null hypothesis that  = 0 and  = 0 as against the alternative   > 0 and  < 0 respectively. Also, from the structural change model, the study tests 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 calculated as real gross domestic product divided by the population at midyear. Gross domestic product itself represents the total value added generated by resident producers within the economy, adjusted to include product taxes and exclude subsidies that are not already reflected in the valuation of output.

	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%.  The coefficient of GDP per capita (β₂ = 0.6421) is positive and statistically significant at the 1 percent level. The squared term of GDP per capita (β₃ = –0.2319) carries the expected negative sign and is also significant at 1%, confirming the presence of a non-linear relationship between income and environmental degradation. For the structural break parameters, δ₁, δ₂, and δ₃ represent changes in the coefficients. Among these, only δ₁ is significant at the 10% level, while δ₂ and δ₃ are not statistically different from zero. 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%.
The presence of autocorrelation, as confirmed by the Durbin-Watson test statistic of 1.519 which is significant at the 5% level, indicates that the error terms are correlated across time, thereby violating a key assumption of the classical linear regression model and potentially rendering the OLS estimates inefficient and their standard errors biased.
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 estimation, 2024 ***, **, * denotes statistical significance at 1%, 5% and 10%, respectively. Probability values are in parentheses.

Output 2 below is that of Generalized Least Squares (GLS), which 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 results indicate that the intercept (β₁) is statistically significant at the 1 percent level, suggesting an estimated ecological footprint of 3.64 in the absence of other explanatory variables. Furthermore, the coefficient on GDP per capita (β₂ = 0.6190) is positive and significant at the 1% threshold, implying that a one-unit rise in GDP per capita is associated with a 0.6190 increase in the ecological footprint. This relationship suggests that the early stage of economic growth is associated with 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, although GDPPC initially reduces environmental quality, as suggested by the EKC, there is a turning point at which GDPPC improves the environment in the United States. This may be due to Scale effects, which means that stable growth can bring in advanced technology as production scales up. The negative and statistically significant coefficient on the squared term of GDPPC provides evidence of an inverted U-shaped association between economic growth and environmental degradation. This finding aligns with the conclusions reported by 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 estimation, 2024 ***, **, * denotes statistical significance at 1%, 5% and 10%, respectively. Probability values are in parentheses.

Turning to the structural breaks, one can easily see that the computed Chow test of 15.35 is significant at 1%. The outcome provides evidence of a structural break within the model. The coefficient δ₁, representing the shift in the intercept, is estimated at –1.1468 and is statistically significant at the 5% level. However, the negative sign of  does not conform to 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 research undertook a detailed examination of the Environmental Kuznets Curve (EKC) hypothesis in the context of the United States to assess how economic growth interacts with environmental degradation. The results confirm the EKC prediction of an inverted U-shaped association between GDP per capita (GDPPC) and environmental degradation, measured here through the ecological footprint (EF). The preferred model, which includes both GDP per capita and its squared term (GDPPC²) together with adjustments for the 2008 global financial crisis, effectively reflects the non-linear dynamics proposed by the EKC framework.
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 inflection point is a cornerstone of the EKC theory, demonstrating that upon reaching a stage of economic maturity, nations can leverage sophisticated technology and stringent policy to achieve sustainable development.
The statistical significance of the dummy variables ), which account for the period following the 2008 crisis, confirms a structural break in the data series. This break captures the substantial effect the global financial downturn had on both the economic and environmental dimensions of the United States. Importantly, although the crisis induced significant volatility across key economic metrics, the fundamental inverted U-shaped relationship described by the EKC hypothesis remained robust. This underscores a degree of resilience within the U.S. system, where progress in environmental quality was not entirely reversed by acute economic disruption.
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.
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