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Abstract
This study presents an empirical analysis of the relationship between economic development and environmental degradation across India’s eight Empowered Action Group (EAG) states Bihar, Chhattisgarh, Jharkhand, Madhya Pradesh, Odisha, Rajasthan, Uttar Pradesh, and Uttarakhand covering the period from 2010 to 2023. The research investigates the validity of the EKC hypothesis, which posits that environmental degradation initially intensifies with economic growth but subsequently declines after reaching a specific income threshold. Economic development is represented by the NSDP, while environmental quality is measured through the Environmental Performance Index (EPI), a composite indicator capturing the multidimensional aspects of environmental well-being.
To examine the potential non-linear dynamics, the model specification incorporates both NSDP and its squared term (NSDP²). Three panel data estimation techniques Pooled Ordinary Least Squares (OLS), Fixed Effects, and Random Effects are employed to assess the robustness of the relationship. The pooled OLS estimation supports the presence of an inverted U-shaped curve, consistent with the EKC hypothesis, indicating that environmental quality initially deteriorates with economic expansion but improves beyond a certain level of development. However, the Fixed and Random Effects estimations do not yield statistically significant results, implying that the relationship weakens once heterogeneity across states and temporal variations are taken into account. The overall findings suggest that the EKC relationship does not uniformly apply across all EAG states. The results highlight the influence of state-specific structural characteristics, industrial composition, technological advancement, and governance frameworks in shaping environmental outcomes. Hence, the pursuit of sustainable development in these economically lagging states requires context-specific and well-targeted policy interventions that promote green technologies, reinforce environmental institutions, and integrate sustainability considerations into broader economic planning and decision-making processes.
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Introduction
The quest for sustainable development encapsulates a fundamental tension between economic growth and environmental preservation. As economies advance, the intensification of industrial activity, infrastructure expansion, and rising consumption exert growing pressure on natural ecosystems, placing a strain on resources, biodiversity, and ambient environmental quality. This dynamic interplay is central to environmental economics and development policy. One of the most prominent frameworks for analysing this relationship is the Environmental Kuznets Curve (EKC) hypothesis. The EKC postulates that environmental degradation first increases with income or economic output, but beyond a certain threshold of per-capita income (or development), further growth is associated with declining environmental damage yielding an inverted U-shape between development and environmental harm (Grossman & Krueger, 1995; Dinda,2004). As the economy matures, however, two other mechanisms may begin to dominate: the composition effect (a structural shift from heavy manufacturing and resource-intensive sectors toward services and cleaner production) and the technique effect (as income rises, firms and societies invest in pollution-control technologies, regulatory enforcement improves, and public demand for environmental quality strengthens) (Grossman & Krueger, 1995). Despite its conceptual appeal, the EKC hypothesis is far from a universal rule. 
Empirical studies across pollutants, countries and contexts reveal substantial heterogeneity in outcomes. In the Indian context, these debates assume particular importance. India’s rapid economic growth, coupled with significant environmental challenges including air and water pollution, deforestation, and resource depletion make the growth-environment nexus critical for policy. However, national-level averages mask substantial variation across Indian states in income per capita, structural composition of economies, industrialisation trajectories, natural-resource endowment and institutional capacity. Indeed, studies of the EKC in India yield mixed results. For example, Villanthenkodath, Gupta, Saini and Sahoo (2021) find that the conventional inverted U-shaped EKC does not hold in India in either aggregated or disaggregated models: instead, they observe a U-shaped impact of growth on environmental quality for the period 1971–2014. Meanwhile, other studies identify potential EKC relationships under certain conditions (e.g., involving renewable energy consumption or trade moderating effects). 
Investigating whether these states are still on the upward or pollution-intensive leg of the EKC, or whether some may already be transitioning toward improved environmental outcomes, is crucial. When evaluating composite environmental performance indices, it becomes evident that various categories and subcomponents facilitate a clearer understanding of how these indices are structured (Mendola & Volo, 2017). For example, the Environmental Performance Index (EPI) is organized around three overarching goals environmental health, ecosystem vitality, and climate change—each comprising eleven sub-indicators such as air quality, biodiversity and habitat, and climate change mitigation. Similarly, the Ocean Health Index (OHI) is based on two primary goals: current status and potential future status. These are further divided into four analytical dimensions status, trend, pressures, and resilience which collectively include ten sub-indicators (Halpern et al., 2012).
Basically, the environmental performance of these states matters for the national agenda: India’s ability to meet its sustainable development goals (SDGs) and its commitments under the Paris Agreement hinge not only on the advance of the richer states, but also on how the lagging states manage the growth environment trade-off. Therefore, the eight states classified by the Government of India in 2001 as being among the most socio-economically backward in the country, particularly in terms of population growth and demographic indicators also known as the Empowered Action Group (EAG) namely Bihar, Chhattisgarh, Jharkhand, Madhya Pradesh, Odisha, Rajasthan, Uttar Pradesh, and Uttarakhand form a critical focal point for understanding the growth environment nexus in India. Initially the purpose was formed to provide focused attention to these states to improve health and family welfare programs. These states are widely recognized as relatively less developed in terms of per-capita income, human development indicators, and infrastructure. Understanding whether economic growth results in environmental betterment or deterioration is still an open policy challenge, given the ongoing developmental gaps and ecological vulnerabilities in India's EAG states. Planning for sustainable development is made more difficult by the empirical uncertainty around the EKC hypothesis in these states. Determining whether the relationship between economic growth (measured by NSDP) and environmental performance (measured by EPI) in the EAG states follows the Environmental Kuznets Curve pattern in which environmental quality initially declines but improves beyond a certain income threshold is therefore the main research question of this study. In India's most economically and environmentally vulnerable areas, addressing this issue is essential to developing evidence-based, region-specific policies for striking a balance between ecological sustainability and economic advancement.
Literature Review
The relationship between economic growth and environmental degradation has been a cornerstone of empirical and theoretical debate in environmental economics. The Environmental Kuznets Curve (EKC) framework, introduced by Grossman and Krueger (1995), suggests that environmental degradation increases with economic growth up to a certain threshold, after which further growth leads to environmental improvement. This inverted U-shaped relationship implies that in the early stages of development, industrial expansion and urbanization intensify pollution, whereas advanced stages of development enable technological innovation and stricter environmental regulations that help mitigate environmental damage. In the early growth phase, pollution rises due to increased economic activity (scale effect). As economies evolve, structural shifts toward less resource-intensive sectors reduce pressure on the environment (composition effect) and Eventually, the adoption of cleaner technologies (technique effect) and stricter regulations improves environmental quality (Dinda, 2004). With rising income, societies also become more environmentally conscious, leading to policy reforms and sustainable growth initiatives (Stern, 2017). 
[bookmark: _Hlk213501960]Dobbie and Dail, (2001) states that environmental indices play a crucial role in providing policymakers and the public with insights into the progress of various environmental dimensions. Moreover, these indices help foster political engagement and media attention toward environmental concerns (Fischer et al., 2022). However, Alberti & Parker (1991) focused that, if such indices are inadequately designed or lack methodological soundness, they can impede policymakers’ efforts, misinform the public, and potentially lead to misguided environmental policies and decisions. In some developing economies, the expected turning points the income level at which environmental degradation begins to decline has not yet been reached. For example, Ghosh (2021) found evidence of an N-shaped relationship between income and CO₂ emissions in India, implying that after initial improvement, pollution may rise again at higher income levels. 
Sarkodie and Strezov (2019) emphasized that factors such as renewable energy adoption, regulatory enforcement, and public environmental awareness significantly influence the EKC trajectory. Conversely, Panayotou (1993) argued that in countries or regions dependent on resource-intensive industries, pollution tends to persist longer despite economic gains. This is particularly relevant for India’s Empowered Action Group (EAG) states, which rely heavily on mining, agriculture, and energy production. Few similar findings also align with the observations                   of Alam and Malik (2023), who reported that states with better institutional quality and stronger policy implementation mechanisms achieve environmental gains at relatively lower income levels. Studies by Kumar and Narayan (2022) and Medhi (2025) found that despite economic progress, these states remain on the rising segment of the EKC, with limited evidence of environmental improvement. Inadequate infrastructure, weak regulatory capacity, and limited technological diffusion continue to hinder sustainable development outcomes.
Koirala (2024) introduced a regional heterogeneity perspective, suggesting that socioeconomic disparities and energy dependence patterns explain variations in EKC outcomes across Indian states. Sinha and Shahbaz (2018) suggest that shifts in the EKC trend may become evident only over a longer period. Research focusing on the influence of renewable energy within this framework emphasizes its role in promoting a faster transition toward sustainable economic growth. Acheampong (2018), findings indicating that while global economic growth tends to reduce CO₂ emissions, it has a positive effect on emissions in specific regions such as the Asia-Pacific, demonstrating regional variability. Similarly, Yao et al. (2019), using panel data techniques found that increased adoption of renewable energy consumption contributes to a reduction in CO₂ emissions, resulting in a turning point in the EKC curve.
Usman et al. (2019) explored the relationship between income, energy consumption, and democracy in shaping environmental degradation represented by CO₂ emissions while assessing the Environmental Kuznets Curve (EKC) hypothesis for India from 1971 to 2014. The study confirmed the presence of the EKC pattern, showing that economic growth initially worsens environmental quality but eventually leads to improvement beyond a certain income level. Additionally, while democracy plays a minor role in reducing environmental damage over the long run, its short-term influence is found to be significant. 
Sinha and Bhatt (2017) explored the relationship between environmental degradation and economic growth, represented by NOx, CO₂, and GDP, using data published in the International Journal of Financial Management and Economics. Through both quadratic and cubic regression analyses, they discovered that the relationship between GDP and carbon emissions follows an inverted N-shaped EKC pattern, while the relationship between NOx and CO₂ emissions exhibits an N-shaped curve. Similarly, Sultan et al. (2021) examined the causal link between CO₂ emissions and economic growth in India within the EKC framework, employing the Johansen cointegration approach. Their findings revealed a long-run cointegrating relationship among the variables and confirmed the validity of the EKC hypothesis for India. Singh and Kanaujiya (2025) study explain the nexus between  Development-Environment-Trade in BRICS nation by A Panel VAR Estimation. 
There is little empirical data on the relationship between growth and the environment in India's less developed Empowered Action Group (EAG) states, despite a great deal of national and international research on the Environmental Kuznets Curve (EKC). The majority of earlier research (e.g., Grossman & Krueger, 1995; Dinda, 2004; Sarkodie & Strezov, 2019) looked at the EKC hypothesis using cross-country or national-level data, ignoring regional heterogeneity and the differences in institutional, structural, and technological aspects among sub-national units. In contrast to multidimensional environmental indicators, recent Indian research (Villanthenkodath et al., 2021; Ghosh, 2021; Koirala, 2024) frequently focus on sectoral pollutants or aggregate CO2 emissions. As a result, little research has been done on the distinct environmental and developmental dynamics of the EAG states, which are defined by low per capita income, a strong reliance on natural resources, and inadequate institutional capacity. Singh and Kanaujiya (2025) study focus the Role of Government Expenditure and Trade in Environmental Sustainability in India.  
In addition, previous studies have rarely combined economic indicators like the Net State Domestic Product (NSDP) with composite measures like the Environmental Performance Index (EPI) to capture comprehensive environmental outcomes. In order to evaluate the validity of the EKC hypothesis within India's lagging regions, a state-level analysis that takes into account both temporal fluctuations and inter-state heterogeneity is necessary, as this empirical and methodological gap highlights.

Objectives of the Study 
This study aims to examine the relationship between economic growth and environmental performance across India’s Empowered Action Group (EAG) states. It seeks to assess how variations in Net State Domestic Product (NSDP) influence the Environmental Performance Index (EPI) and to test the validity of the Environmental Kuznets Curve (EKC) hypothesis, which suggests that environmental quality first declines and then improves with rising income. The research also intends to identify any long-term equilibrium relationship between NSDP and EPI using panel econometric techniques. Based on the empirical findings and results, the study aims to offer policy recommendations to promote sustainable economic growth while preserving environmental quality in the EAG states and ensuring that the path of economic development aligns with environmental preservation and long-term sustainability objectives.
Hypothesis
H1: There is a long-run relationship between NSDP and EPI in the EAG states.
H2: The relationship between NSDP and EPI follows an inverted U-shape (EKC hypothesis).
H3: Rising NSDP initially leads to a decline in environmental performance, but beyond a threshold, EPI improves.
Data and Variables
The study covers eight EAG states over the period 2010–2023. Economic growth is represented by the Net State Domestic Product (NSDP) at constant prices, sourced from the RBI Handbook of Statistics and the Ministry of Statistics and Programme Implementation (MOSPI), Using state-level data from the Central Pollution Control Board (CPCB), the Ministry of Environment, Forest, and Climate Change (MoEFCC). 
Methodology
The Environmental Performance Index (EPI) is a composite indicator that measures a region's overall environmental quality based on quantifiable results across several ecosystem vitality and environmental health characteristics. By combining important variables into a single, consistent metric, the index offers a solid foundation for analyzing the environmental performance of Indian states (Hsu et al., 2022). Environmental quality in each of the eight EAG states from 2010 to 2023 is represented in this study using the EPI as the dependent variable. To construct the EPI, we follow the methodology developed by Yale University's Center for Environmental Law and Policy (YCELP) and Columbia University's Center for International Earth Science Information Network (CIESIN). Higher EPI values denote better environmental quality, while lower values indicate environmental degradation.
Three important aspects of environmental quality are integrated in this study's Environmental Performance Index (EPI): air quality that is sulfur dioxide (SO₂) index, nitrogen dioxide (NO₂) index, and particulate matter (PM10) index. The air quality component uses data from the National Air Quality Monitoring Programme (NAMP) of the CPCB to measure concentrations of important air pollutants such sulfur dioxide (SO₂), nitrogen dioxide (NO₂), and particulate matter (PM10). Each indicator has normalized to a scale of 0–1 using min–max normalization to ensure comparability across units and states. The normalization formula is:  
X'_{it} = (X_{it} - X_{min}) / (X_{max} - X_{min})
where X_{it} represents the observed value of the indicator for state i in year t. Higher normalized values indicate better environmental performance. Represent the aggregated scores for Environmental Pollution, respectively. The resulting EPI values range between 0 and 1, where higher scores signify better environmental performance. States with higher EPI values demonstrate stronger environmental governance, lower pollution levels, and more sustainable resource management practices. This approach ensures internal consistency and comparability across EAG states over the study period, enabling a nuanced assessment of how economic growth trajectories intersect with environmental outcomes. This normalized index is used while constructing the Map for the EAG states. However, during analysis the whole EPI index is subtracted by 1 to make the variable Deprivation Index. Where 1 will show high pollution and 0 will show low pollution level.
Model Equation
The integration of both air indicators makes the EPI a comprehensive metric suitable for empirical testing of the Environmental Kuznets Curve (EKC) hypothesis at the sub-national level. To empirically test the Environmental Kuznets Curve (EKC) hypothesis, the following quadratic panel data model is estimated:
EPI_it = α + β₁(NSDP_it) +β₂(NSDP_it)² + ε_it
Where:
EPI_it = Environmental Performance Index of state i in year t (a measure of environmental quality)
NSDP_it = Net State Domestic Product of state i in year t (indicator of economic growth)
(NSDP_it)² = Square of NSDP, included to capture the non-linear (inverted U-shaped) relationship between economic growth and environmental performance
α = Constant term (intercept)
β₁, β₂ = Coefficients measuring the effect of economic growth and its squared term on EPI
ε_it = Error term, capturing unobserved factors affecting EPI
Therefore, if β₁> 0 and β₂< 0, the relationship between NSDP and EPI follows an inverted U-shape, consistent with the Environmental Kuznets Curve (EKC) hypothesis meaning environmental quality first improves and then deteriorates after reaching a certain income threshold.
Data Analysis and Explanations
Comparison and Status of EPI in EAG States in India
The spatial distribution of the Environmental Performance Index (EPI) across India’s eight Empowered Action Group (EAG) states—Bihar, Chhattisgarh, Jharkhand, Madhya Pradesh, Odisha, Rajasthan, Uttar Pradesh, and Uttarakhand—from 2010 to 2023 reveals significant regional disparities in environmental quality. The sequence of maps (Map 1 to Map 4) presents a visual representation of these variations and temporal changes, reflecting the environmental trajectories of each state over the study period.
[bookmark: _Hlk213390061]Map 1: Environmental Performance Index in 2011

      Source: Author’s Construction

In 2010, states such as Chhattisgarh and Madhya Pradesh exhibited comparatively higher EPI scores, reflecting better ecosystem management and moderate levels of air and water pollution. In contrast, Bihar and Uttar Pradesh displayed relatively low EPI values, suggesting weak environmental governance, limited waste management infrastructure, and growing urban pollution. (Map 1)
Map 2: Environmental Performance Index in 2015

      Source: Author’s Construction
By 2015 (Map 2), modest improvements in EPI values are observed across several states. Notably, Jharkhand and Odisha show a visible enhancement in their environmental performance, possibly attributed to strengthened forest resource management and implementation of cleaner industrial practices. These improvements correspond with policy-level interventions such as the National Green Tribunal’s enforcement measures and state-level forest conservation schemes. However, Bihar and Uttar Pradesh continue to record lower EPI scores, indicating persistent challenges in managing pollution, sanitation, and industrial emissions. 
Map 3: Environmental Performance Index in 2020

         Source: Author’s Construction 
In 2020 (Map 3), the spatial trends indicate moderate yet stable environmental progress. States like Madhya Pradesh, Chhattisgarh, and Odisha continue to perform relatively well, reflecting steady advancement in pollution control measures and the adoption of renewable energy initiatives. Conversely, Bihar and Uttar Pradesh persist at lower EPI levels, indicating that economic expansion in these regions has not yet translated into corresponding environmental improvements. This observation resonates with the Environmental Kuznets Curve (EKC) hypothesis, which posits that environmental degradation initially worsens with economic growth before improving once a critical income level is achieved (Dinda, 2004). The 2023 EPI map (Map 4) exhibits a gradual yet uneven improvement in environmental performance across most EAG states. The darker green shades in Odisha, Madhya Pradesh, and Chhattisgarh reflect enhanced environmental management, driven by expanding renewable energy infrastructure, forest conservation programs, and cleaner industrial technologies. Uttarakhand also maintains a high EPI score, benefitting from sustainable eco-tourism and forest-based livelihoods. In contrast, Bihar and Uttar Pradesh continue to lag behind, constrained by high population pressures, inadequate waste management, and weak enforcement of environmental policies.
Map  4: Environmental Performance Index in 2023
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         Source: Author’s Construction 

Overall, the spatial and temporal analysis from 2010 to 2023 demonstrates a progressive yet regionally differentiated improvement in environmental performance among the EAG states. While states with stronger institutional and industrial structures such as Madhya Pradesh, Odisha, and Chhattisgarh show consistent gains, those with weaker governance and infrastructural deficits exhibit slower progress. These findings reaffirm the importance of state-level environmental governance, data-driven policy implementation, and technological innovation in achieving sustainable development outcomes, consistent with the broader EPI framework (Hsu, Malik, & Esty, 2022).
Figure 1: Mean Environmental Performance Index (EPI) in EAG states

        Source: Author’s Construction

The figure 1 presents the mean Environmental Performance Index (EPI) values across India’s Empowered Action Group (EAG) states for the period 2010–2023. It shows noticeable variation in environmental performance among the states. Odisha records the highest mean EPI value, indicating better environmental quality and stronger ecological management, followed by Madhya Pradesh and Chhattisgarh. In contrast, Jharkhand and Uttar Pradesh display the lowest EPI values, reflecting weaker environmental governance and higher levels of degradation. Overall, the figure highlights that environmental performance among EAG states is uneven, suggesting the influence of state-specific factors such as industrial structure, policy implementation, and resource management practices.
Net State Domestic Product (NSDP) and the Environmental Performance Index (EPI)
The figure 2 shows the relationship between NSDP and EPI across India’s EAG states. The red bars represent mean NSDP values, while blue bars indicate mean EPI scores. The linear trend line (y = 3.909x, R² = 0.113) suggests a weak positive relationship (R ≈ 0.34), indicating that only 11.3% of environmental variation is explained by income levels, implying that state-specific factors play a more significant role in environmental outcomes.

Figure 2: Relationship between the Net State Domestic Product (NSDP) and the Environmental Performance Index (EPI)

           Source: Author’s Construction
Chhattisgarh (0.96) and Madhya Pradesh (0.78) show a strong positive relationship between economic growth and environmental performance. Bihar (0.54), Odisha (0.65), and Uttarakhand (0.71) show a moderate correlation, implying partial alignment. Rajasthan (0.48), Uttar Pradesh (0.33), and Jharkhand (0.11) show a weak relationship, suggesting growth without proportionate environmental gains.
Figure 3: Correlation between NSDP and EPI
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                   Source: Author’s Construction

Panel Data Analysis 
This section tests the proposed hypotheses to examine the relationship between economic development (NSDP) and environmental performance (EPI) across the eight EAG states during 2010–2023. The analysis is based on three panel estimation models Pooled OLS, Fixed Effects, and Random Effects followed by the relevant specification and model selection tests.
Table 1: Panel Regression Result
	Dependent Variable: EPI

	Panel Models
	Pooling Estimation
	Fixed Effect
	Random Effect

	Intercept
	-30.7188 (13.1335)**
	—
	9.5653 (16.5628)

	NSDP
	5.5438 (2.3986)**
	-2.9188 (3.1764)
	-1.9761 (3.0170)

	NSDP²
	-0.2460 (0.1094)**
	0.1486 (0.1445)
	0.1041 (0.1373)

	Significance Level
	*10%; **5%; ***1%

	R²  
	0.084 
	0.089 
	0.077 

	Adjusted R²
	0.067
	0.009
	0.060


     Source: Author’s Calculation 
The pooling model shows a statistically significant inverted U-shaped relationship between economic growth (NSDP) and environmental performance (EPI), supporting the Environmental Kuznets Curve hypothesis. The negative coefficient of NSDP² indicates that after a certain income level, further growth reduces environmental quality. However, both the fixed and random effects models show statistically insignificant coefficients, suggesting that state-specific factors may weaken the uniform EKC pattern across EAG states. The overall explanatory power (R²) of the models remains low, implying that additional variables such as industrial structure, energy consumption, and policy interventions may better explain environmental outcomes.
Model Selection Tests
The model specification tests' outcomes provide additional support for the estimating technique selection. Variations among the EAG states are statistically significant, according to the F-test for individual effects (F = 48.76, p < 0.001), which contradicts the null hypothesis that there are no significant individual or state-specific effects. This demonstrates that a straightforward pooling model would be unsuitable since it ignores the distinctive features of every state. Additionally, the Hausman test (χ² = 9.1369, p = 0.0104) indicates that the explanatory variables are linked with the individual effects, which supports the preference for the Fixed Effects Model over the Random Effects Model. As a result, the Fixed Effects Model is thought to be more dependable and consistent when examining the connection between environmental performance (EPI) and economic growth (NSDP) in India's EAG states. Since the Fixed Effects Model captures cross-state heterogeneity more accurately and shows no significant coefficients, H₁ is partially supported. A relationship exists in the pooled model, but not uniformly across states once fixed effects are considered. This implies that the long-run association between economic growth and environmental performance varies among EAG states.
Table 2: Panel Test Result and Interpretation
	Test
	Statistics
	p-value
	Decision
	Preferred Model

	LM Test
	251.96
	0.000
	Reject H0
	Panel Effect Model

	Hausman Test
	1.6685
	0.434
	Accept H₀
	Random Effect Model


       Source: Author’s Calculation 
The LM test shows that panel effect is more suitable for the analysis. Since the p-value of Hausman Test is 0.434 which is more than 0.05, the null hypothesis that the Random Effect model is appropriate is accepted. Therefore, the Random Effect Model is more suitable for analyzing the relationship between economic growth and environmental performance across the EAG states. The F-test result indicates significant state-specific effects (p < 0.001), confirming that the Fixed Effects model better captures heterogeneity across EAG states than the Pooled OLS model.
Table 3: F-Test for Individual Effects
	Test Type
	Null Hypothesis (H₀)
	Alternative Hypothesis (H₁)
	F-Statistic
	df₁
	df₂
	p-Value
	Decision (5% level)

	F-Test for Individual Effects
	No significant individual (state specific) effects (Pooled OLS appropriate)
	Significant individual (state specific) effects (Fixed Effects preferred)
	48.764
	7
	102
	< 0.001
	Reject H₀ Fixed Effects model is appropriate


Source: Author’s Calculation
Testing of Hypothesis
H₁: There is a long-run relationship between NSDP and EPI in the EAG states.
H₀: No significant relationship exists between NSDP and EPI.
In the Pooled OLS model, both NSDP (β₁ = 5.54, p = 0.0227) and NSDP² (β₂ = –0.246, p = 0.0265) are statistically significant at the 5% level, implying that economic development significantly influences environmental performance (Table 1). This suggests the existence of a long-run relationship between income and environmental quality when state-specific variations are not controlled. However, in the Fixed Effects and Random Effects models, both coefficients are statistically insignificant (p > 0.05), indicating that once state-specific heterogeneity and temporal effects are considered, the long-term relationship weakens.
H₂: The relationship between NSDP and EPI follows an inverted U-shape (Environmental Kuznets Curve hypothesis).
H₀: The relationship does not follow an inverted U-shape.
According to the EKC hypothesis, environmental degradation first increases with economic growth and then decreases beyond a certain income level. This pattern is confirmed if: The coefficient of NSDP (β₁) is positive and significant, and the coefficient of NSDP² (β₂) is negative and significant.  In the Pooled OLS model, both conditions are met (β₁ = 5.54, p = 0.0227; β₂ = –0.246, p = 0.0265), confirming an inverted U-shaped relationship between NSDP and EPI. This implies that at lower levels of income, economic growth is accompanied by environmental degradation, but after surpassing a certain income threshold, environmental quality improves.
Figure 4: Environmental Kuznets Curve for Environmental Performance Index for India

Source: Author’s Compilation.
The positive β₁ (6.4476) means environmental quality (EPI) initially improves with income growth. The negative β₂ (-0.2962) introduces a curvature, showing that after a threshold, further growth worsens environmental performance forming an inverted U-shape (Figure 4). H₂ is accepted for the pooled model but not confirmed under fixed or random specifications. This indicates partial evidence supporting the EKC hypothesis among the EAG states.
H₃: Rising NSDP initially leads to a decline in environmental performance, but beyond a threshold, EPI improves.
H₀: Rising NSDP does not significantly affect EPI in the stated pattern.
The significant positive coefficient of NSDP and the significant negative coefficient of NSDP² in the Pooled OLS regression statistically validate the hypothesized turning point relationship. It implies that environmental degradation increases with income during early development phases (industrialization and urbanization), but as income rises further, technological progress, better governance, and environmental awareness contribute to improved EPI scores. Nevertheless, the insignificance of these coefficients in the Fixed Effects Model indicates that this turning point is not uniform across all EAG states. Some states, such as Madhya Pradesh and Odisha, may have crossed the threshold due to better environmental policies, while others like Bihar and Uttar Pradesh remain below it.
Discussion
Since, the Random effect result is insignificant for the model, the analysis is focusing on the pool effect showing an inverted U effect. The pooled OLS results reveal that both NSDP and its squared term are statistically significant at the 5% level. The regression equation is given by:
EPI = -30.718 + 5.544(NSDP) - 0.246(NSDP²)
The positive coefficient of NSDP and negative coefficient of NSDP² confirm an inverted U-shaped relationship, supporting the EKC hypothesis. This implies that environmental quality initially improves with economic growth but deteriorates beyond a certain income threshold. The R² value (0.084) suggests that about 8.4% of the variation in EPI is explained by NSDP, with an F-statistic of 5.01 (p = 0.008), indicating overall model significance. In contrast, the Fixed Effects model shows that both coefficients are statistically insignificant. The signs of the coefficients (NSDP = -2.92, NSDP² = 0.15) suggest a weak U-shaped relationship, but the lack of significance indicates that within-state variations over time are minimal. Similarly, the Random Effects model reports insignificant coefficients with an R² of 0.077, further confirming that unobserved state-specific factors explain much of the variation in EPI. The Hausman test supports the fixed effects model as more consistent, yet neither fixed nor random effects models provide significant evidence of the EKC relationship. Overall, the pooled OLS results provide preliminary support for the EKC hypothesis across the EAG states, while the fixed and random effects models suggest that the relationship weakens when controlling for state-specific heterogeneity. This indicates that while an aggregate EKC pattern may exist across states, individual state trajectories differ due to variations in industrial composition, policy enforcement, and technological capacity. 
Conclusion
The empirical outcomes of this study suggest that addressing the growth environment dynamics in EAG states requires strengthening institutional mechanisms rather than relying solely on conventional pollution control measures. Policymakers should prioritize capacity-building initiatives that empower local governance bodies to monitor, evaluate, and enforce environmental standards effectively. Establishing state-level environmental data observatories can facilitate real-time assessment of ecological indicators, enabling evidence-based decision-making and early intervention against degradation trends. The EKC hypothesis was partially supported by the results of the pooled OLS model, which showed a statistically significant inverted U-shaped association between NSDP and EPI. This implies that while economic expansion initially improves environmental performance, future growth may result in environmental decline after a particular income threshold. However, the Fixed and Random Effects models did not produce statistically significant coefficients, suggesting that when state-specific heterogeneity and time effects are taken into account, the association between economic growth and environmental quality becomes less strong. This variance highlights the fact that the EKC relationship is not consistent throughout the EAG states. State-level environmental results seem to be significantly influenced by structural, institutional, and technological variables, such as disparities in industrial composition, energy consumption, governance ability, and environmental policy enforcement. Although economic growth is essential to progress, it is insufficient to guarantee environmental sustainability. The pursuit of sustainable growth necessitates context-specific policy measures for the EAG states, which nonetheless face ecological and developmental problems. The study demonstrating the complexity and nonlinearity of the relationship between income and environmental quality in India's EAG states. Although there is some evidence to support the EKC hypothesis, attaining sustainable development in these states will require incorporating environmental factors into economic planning and promoting inclusive, green growth strategies that balance long-term ecological resilience with economic advancement.
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