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Abstract 

This study investigates the validity of the Environmental Kuznets Curve (EKC) hypothesis in Algeria by 

examining the dynamic relationship between economic growth, renewable energy consumption, and carbon 

dioxide emissions. Annual time series data spanning the period 1990–2023 were analyzed using the 

Autoregressive Distributed Lag (ARDL) model to assess co-integration relationships in both the short and long 

term. Results from the Bounds Test confirmed the existence of a stable long-run equilibrium among the 

variables. The long-term model estimation revealed a statistically significant negative relationship between per 

capita GDP and carbon dioxide emissions, alongside a positive relationship between the square of per capita 

GDP and emissions. These outcomes indicate that the link between economic growth and environmental 

pollution in Algeria does not align with the conventional inverted U-shaped EKC pattern. Instead, it reflects a 

more complex trajectory, suggesting that the Algerian economy has already surpassed the turning point and is 

beginning to decouple growth from environmental degradation. In contrast, renewable energy consumption 

showed no statistically significant impact on reducing emissions during the study period. Based on these 

findings, the study emphasizes the importance of reinforcing policies that promote sustainable economic growth 

and reassessing energy transition strategies to ensure the achievement of long-term environmental objectives. 
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First: Introduction 

Algeria, similar to many developing nations, confronts a dual challenge: sustaining economic growth while 

safeguarding environmental quality. Owing to the historical reliance on the hydrocarbon sector as the principal 

engine of economic activity, environmental pollution—particularly carbon dioxide emissions—has emerged as a 

https://doi.org/10.56334/sei/8.8.94
http://creativecommons.org/licenses/by/4.0/


significant barrier to sustainable development. The Environmental Kuznets Curve (EKC) offers a theoretical lens 

through which the relationship between economic development and environmental degradation can be 

understood, positing that pollution levels initially rise during early growth stages and subsequently decline once the 

economy surpasses a specific turning point. 

The present study evaluates the relevance of the EKC hypothesis to the Algerian context for the period 1990–

2023. By applying time series data and advanced econometric techniques based on the ARDL model, the research 

examines the relationship between economic growth (measured by per capita GDP) and carbon dioxide emissions. 

It also explores the role of renewable energy consumption as a strategic variable capable of facilitating the 

decoupling of economic expansion from environmental degradation. Through this approach, the study aims to 

provide policymakers with evidence-based insights into viable pathways for promoting sustainable development in 

Algeria. 

Research Problem 

The core problem addressed in this study concerns the nature of the relationship between economic growth and 

environmental pollution in Algeria. Despite development efforts, the Algerian economy continues to rely 

predominantly on conventional energy sources. This situation raises a critical question: Does economic growth in 

Algeria inevitably result in environmental degradation, or has the economy reached a stage of maturity that enables 

the decoupling of growth from polluting emissions, consistent with the Environmental Kuznets Curve (EKC) 

hypothesis? 

Second: Review of Theoretical and Empirical Literature 

Theoretical Review 

The Environmental Kuznets Curve (EKC) hypothesis represents a central theoretical framework for analyzing the 

nonlinear relationship between economic growth and environmental degradation. It posits that the relationship 

between per capita income and environmental pollution follows an inverted U-shaped trajectory: pollution 

increases during the early stages of economic development, reaches a peak, and subsequently declines as 

environmental awareness expands and technological advancements are adopted (Kuznets, 1955). 

The mechanisms underlying the EKC are typically explained through three primary effects: 

1. Scale Effect: In the initial stages of growth, expanded production and consumption activities lead to 

greater resource depletion and higher emissions, intensifying environmental degradation. 

2. Composition Effect: As economies develop further, structural transformations occur, shifting from heavy, 

pollution-intensive industries toward service sectors and lighter industries, thereby reducing pollution 

intensity per unit of output. 

3. Technique Effect: Rising income levels foster environmental awareness and create greater demand for 

cleaner surroundings. This dynamic compels governments and the private sector to implement 

environmentally friendly technologies and enforce stricter regulatory frameworks, which in turn reduce 

pollution levels. 

Empirical Review 

Empirical research on the EKC hypothesis has expanded considerably, moving beyond the basic examination of 

the two-way relationship between income and pollution to incorporate a broader range of influential factors. To 

achieve a comprehensive understanding, studies are assessed according to their statistical methodologies, the 

variables employed, the time periods analyzed, and the conclusions and policy recommendations offered. 

Particular focus is directed toward studies relevant to Algeria or those with potential applicability to its context. 



 

 

Sci. Educ. Innov. Context Mod. Probl.| ISSN p (e): 27900169; 27900177   

1107 – www.imcra.az.org, | Issue 8, Vol. 8, 2025 

Re-examining the Environmental Kuznets Curve (EKC) Hypothesis in Algeria: An Econometric Study Using the ARDL Model 

for the Period 1990–2023 

Rachida Labed 

 

1. Expanding the Scope of Environmental Variables in Models 

Early studies primarily concentrated on carbon dioxide (CO₂) emissions as the key environmental indicator. 

However, the scope has since widened to encompass other pollutants such as sulfur dioxide (SO₂), nitrogen oxides 

(NOx), and particulate matter (PM2.5), in addition to broader measures like the ecological footprint and natural 

resource consumption (Ajmi & Inglesi-Lotz, 2021). 

The range of variables incorporated into models has also broadened, reflecting the increasing complexity of the 

growth–environment nexus. Alongside the core variables—CO₂ emissions as the dependent variable, with per 

capita GDP and its square as independent variables—research has introduced additional factors such as total and 

renewable energy consumption, foreign direct investment (FDI) (Pao & Tsai, 2011a; Abada et al., 2024), 

globalization (Shahbaz et al., 2016a; Teklie & Yağmur, 2024a; Mekhzoumi et al., 2022), financial development 

(Teklie & Yağmur, 2024a; Ganda, 2025a), urbanization (Habimana Simbi et al., 2025a), population growth 

(Habimana Simbi et al., 2025a; Abada et al., 2024), and energy prices (Layachi, 2019a). 

Mediating and Moderating Variables: Recent studies emphasize that the relationship between economic growth 

and pollution is not linear but shaped by mediating factors, the most prominent of which include: 

• Energy consumption: particularly fossil fuels, as demonstrated by Al-mulali (2011) and Arouri et al. (2012), who 

found that energy consumption significantly increases CO₂ emissions in Middle Eastern and North African 

countries. 

• Trade and globalization: which may either relocate polluting industries to developing economies in line with the 

pollution haven hypothesis, or alternatively promote the diffusion of cleaner technologies (Shahbaz et al., 2016b). 

• Financial development: which can play a dual role by supporting investments in clean technologies or by 

encouraging energy-intensive patterns of consumption (Teklie & Yağmur, 2024b). 

• Urbanization and population growth: which heighten the demand for energy and resources, thereby aggravating 

pollution levels (Habimana Simbi et al., 2025b). 

• Foreign direct investment (FDI): which may contribute positively through the transfer of cleaner technologies 

(halo effect) or negatively by intensifying pollution when regulations are weak (Pao & Tsai, 2011b). 

• Renewable energy: which has emerged as a crucial factor in mitigating environmental degradation, with 

numerous studies confirming its effectiveness in reducing emissions (Sari Hassoun et al., 2019). 

2. The Role of Renewable Energy in Modifying the EKC 

Renewable energy stands as a pivotal element in reshaping the trajectory of the EKC, offering sustainable 

alternatives to fossil fuels and contributing directly to the reduction of greenhouse gas emissions. 

The key mechanisms through which renewable energy modifies the EKC include: 

• Directly reducing emissions by substituting fossil fuels (Nair & Maiti, 2025). 

• Enhancing energy efficiency (Ganda, 2025b). 

• Promoting technological innovation in environmentally friendly practices (Mekhzoumi et al., 2022). 

• Lowering the EKC turning point, thereby enabling environmental improvements at earlier stages of income 

growth (Ouédraogo et al., 2021). 



Empirical evidence from Algeria (Sari Hassoun et al., 2019) and broader African studies (Habimana Simbi et al., 

2025b) reinforces this role, consistently demonstrating the negative relationship between renewable energy 

consumption and CO₂ emissions. 

Challenges in this domain include high initial investment costs, underdeveloped infrastructure, and fluctuations in 

renewable energy production. Conversely, opportunities lie in strengthening energy security, diversifying the 

economy, reducing hydrocarbon dependence, and creating new employment prospects. 

3. Use of More Advanced Econometric Methodologies 

Studies have evolved from simple regressions to more sophisticated tools, such as: 

 ARDL: for testing co-integration even with small samples (Latifa et al., 2014). 

 Panel Data Models: for analyzing international or regional data (Omri, 2013). 

 VECM and VAR: for examining short- and long-run causal relationships (Touitou, 2021). 

 GMM: to address endogeneity in panel data (Omri, 2013; Teklie & Yağmur, 2024b). 

 Advanced methodologies: including quantile regression (Cutcu et al., 2025; Al-mulali, 2011), QRPD, or 

clustering using K-means. 

4. Context-Specific vs. Comprehensive Studies 

The literature has shown that the validity of the EKC hypothesis varies according to economic, social, and 

geographical contexts. While some global and regional studies (Al-mulali, 2011; Arouri et al., 2012; Shahbaz et al., 

2016b) supported the hypothesis, others revealed variations in the form of the relationship—whether U-shaped, 

inverted U-shaped, or N-shaped. 

5. Local Studies (Algeria) 

 Support for EKC: Latifa et al. (2014); Touitou (2021); Bouznit & Pablo-Romero (2016). 

 Rejection of EKC: Lacheheb et al. (2015); Abada et al. (2024). 

 Alternative relationships: Layachi (2019b) identified a U-shaped relationship. 

6. Main Findings 

 The validity of the EKC is not absolute but context-dependent. 

 The relationships are not always inverted U-shaped; they may be U-shaped, N-shaped, or linear. 

 Renewable energy has a clear positive effect in reducing emissions. 

7. Recommendations Focus on: 

 Strengthening the transition toward renewable energy. 

 Enhancing energy efficiency. 

 Adopting environmental policies tailored to the economic and social context. 

Third: Presentation of the Empirical Results 
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1. Study Variables and Data Sources: 

To test the Environmental Kuznets Curve (EKC) hypothesis in Algeria and to answer the research 

problem, annual time series data were used, with a total of 31 observations for the period (1990–2023). 

All data were obtained from the World Bank database for the following variables: 

 

Table (01): Study Variables and Data Sources 

Nature of Variables Name Unit Code 

Dependent Logarithm of CO₂ emissions Million tons logCO2 

Independent 

Variables 

Logarithm of per capita GDP Percentage 

(%) 

logGDPP 

Logarithm of the square of per capita GDP Percentage 

(%) 

logGDPP2 

 Logarithm of renewable energy consumption from total final 

energy consumption 

Percentage 

(%) 

logEC 

Sample Algeria 

Source World Bank website, https://data.albankaldawli.org/ 

Source: Prepared by the researcher. 

Based on Table (01) above, a preliminary model can be constructed to represent the relationship between the 

independent variables (logarithm of per capita GDP, logarithm of the square of per capita GDP, and logarithm of 

renewable energy consumption from total final energy consumption) and the dependent variable (logarithm of 

CO₂ emissions) as a proxy for environmental pollution, as follows: 

𝑙𝑜𝑔𝐶𝑂2𝑡 = 𝑓(𝑙𝑜𝑔𝐺𝐷𝑃𝑃, 𝑙𝑜𝑔𝐺𝐷𝑃𝑃2𝑡, 𝑙𝑜𝑔𝐸𝐶𝑡) 

  

Accordingly, these variables are represented in the following model: 

𝑙𝑜𝑔𝐶𝑂2𝑡 = 𝛽0 + 𝛽1𝐼𝑙𝑜𝑔𝐺𝐷𝑃𝑃𝑡 + 𝛽2𝑙𝑜𝑔𝐺𝐷𝑃𝑃2𝑡 + 𝜀𝑡 

Where: 

 𝛽0: Constant parameter of the model; 

 𝛽1  ،𝛽2:: Parameters representing the response of the dependent variable to the independent variables, 

where 𝑖 = 1, 2, … , 𝑛؛  

 𝜀𝑡: Random error term. 

 

2. Stationarity: 

https://data.albankaldawli.org/


Examining the stationarity of time series is a fundamental methodological step that cannot be overlooked before 

conducting any econometric analysis. This procedure aims to determine whether the series contains a unit root or 

not. To achieve this, the Augmented Dickey-Fuller (ADF) test is employed. The following table presents the 

results of the stationarity test for the variables, based on the following hypotheses: 

 The series is non-stationary (presence of a unit root) ........ 𝑯𝟎 

 The series is stationary (absence of a unit root) ........ 𝑯𝟏 

Table (02): Summary of the ADF Test for Variable Stationarity 

Decision First Difference Level Variable 

Intercept & 

Trend 

Intercept No 

Intercept & 

No Trend 

Intercept & 

Trend 

Intercept No 

Intercept & 

No Trend 

t- statistic 

Prob 

Stationary at 

First 

Difference 

-5.8401 

0.0002 

-5.8854 

0.0000 

-5.9822 

0.0000 

-2.3439 

0.4002 

-2.1463 

0.2288 

-0.1610 

0.6205 

 

logCO2 

 

Stationary at 

First 

Difference 

-5.1808 

0.0011 

-5.3213 

0.0001 

-5.0589 

0.0000 

-1.9932 

0.5834 

-0.4141 

0.8953 

 

0.9938 

0.9118 

 

logGDPP 

 

Stationary at 

First 

Difference 

-9.1384 

0.0000 

-9.2963 

0.0000 

-9.3707 

0.0000 

-4.2980 

0.0092 

-2.5925 

0.1046 

0.5283 

0.8246 

 

logGDPP2 

Stationary at 

First 

Difference 

-6.5097 

0.0000 

-6.4585 

0.0000 

-6.4495 

0.0000 

-2.7954 

0.2088 

-0.8221 

0.7996 

0.2722 

0.7589 

 

logEC 

Source: Prepared by the researcher based on EViews 12 outputs. 

The results of the Augmented Dickey-Fuller (ADF) test (Table 02) indicate that all study variables are non-

stationary at level but achieve stationarity after first differencing. This finding demonstrates that the variables are 

integrated of order one (I(1)). Based on these stationarity results, which show that the study model variables are 

integrated at the first difference, there is a potential for a co-integration relationship among the logarithm of per 

capita GDP, the logarithm of the square of per capita GDP, and the logarithm of CO₂ emissions. This justifies the 

application of the Autoregressive Distributed Lag (ARDL) methodology, which aligns with the fundamental 

requirement of the ARDL approach: the absence of variables integrated of order two (I(2))—a condition satisfied in 

this study. 

3. Optimal Lag Length Selection 
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Prior to conducting the co-integration test, determining the optimal lag length for the model is essential to ensure 

the reliability and accuracy of the statistical results. The optimal lag length is identified by estimating a series of 

models with varying lag structures and selecting the model that exhibits the lowest value of the Akaike Information 

Criterion (AIC), as it represents the most efficient specification. 

Figure (01): Results of the Optimal Lag Length Test 

 

Source: Prepared by the researcher based on EViews 12 outputs. 

As shown in Figure (01), the ARDL(1,2,0) model constitutes the most appropriate specification for estimation, as it 

corresponds to the lowest AIC value, indicating the optimal lag structure. 

4. Bounds Test 

To examine the existence of a cointegration relationship among the study variables, the Bounds Test was applied 

within the ARDL framework. The results are presented in the following table: 

Table (03): Results of the Bounds Test 

F-Bounds Test – Null Hypothesis: No levels relationship 

Test Statistic Value Signif. I(0) I(1) 

F-statistic 6.409769 10% 2.37 3.2 

K 3 5% 2.79 3.67 

  2.5% 3.15 4.08 

  1% 3.65 4.66 

Source: Prepared by the researcher based on EViews 12 outputs. 

The results in Table (03) indicate that the F-statistic exceeds both the lower and upper critical values at multiple 

significance levels (1%, 2.5%, 5%, and 10%). This outcome leads to the rejection of the null hypothesis, which 



posits the absence of a cointegration relationship. Consequently, it confirms the presence of a long-term 

equilibrium relationship between the dependent variable (logarithm of CO₂ emissions) and the independent 

variables (logarithm of GDP per capita and the logarithm of squared GDP per capita). 

5. Model Estimation 

Following the confirmation of a cointegration relationship between the independent variables (logarithm of GDP 

per capita and the logarithm of squared GDP per capita) and the logarithm of CO₂ emissions in Algeria during the 

study period, the estimation results of the ARDL model are analyzed for both the short and long run. The 

subsequent table presents the model estimation outcomes across these two time horizons. 

 

Table (04): Results of ARDL Model Estimation 

 

Source: Prepared by the researcher based on the outputs of Eviews 12. 

From the long-run equation of the ARDL model, the following can be observed: 

 The estimated value of the constant parameter indicates that when the values of the independent variables 

are null, the dependent variable takes a value of approximately 3.590, which is statistically significant since 

the probability value is less than 0.05 (P < 0.05). 

 There exists a statistically significant inverse relationship between the logarithm of GDP per capita and the 

logarithm of CO₂ emissions, as the sign of the coefficient of GDP per capita is negative, and the 

probability value is less than 0.05 (P < 0.05). This means that a one-unit increase in the logarithm of GDP 

per capita leads to a decrease in the logarithm of CO₂ emissions by 0.5125 units. 

 There exists a statistically significant positive relationship between the logarithm of squared GDP per 

capita and the logarithm of CO₂ emissions, as the coefficient of squared GDP per capita is positive, with a 

probability value less than 0.05 (P < 0.05). Thus, a one-unit increase in the logarithm of squared GDP per 

capita results in an increase of 0.1889 units in the logarithm of CO₂ emissions. 

 There exists a non-significant inverse relationship between the logarithm of renewable energy 

consumption from total final energy consumption and the logarithm of CO₂ emissions, since the 

probability value is greater than 0.05 (P > 0.05). Therefore, renewable energy consumption has no 

statistically significant effect on CO₂ emissions. 
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6. Diagnostic Tests: To ensure the validity of the estimated model and its freedom from econometric 

problems, a set of diagnostic tests was conducted, with the results as follows: 

 Appendix (2) refers to the normality test of the residuals, where it appears that the Jarque-Bera statistic (J-

B = 0.5160) is greater than 0.05, thus accepting the null hypothesis that the residuals of the estimated 

model follow a normal distribution. 

 Appendix (3) refers to the Breusch-Godfrey Serial Correlation LM Test of the residuals, where the F-

statistic value (F = 0.4990) and its corresponding probability are greater than 0.05, indicating no serial 

correlation among the residuals. 

 Appendix (4) refers to the ARCH test for heteroscedasticity of the error term, where the F-statistic value 

(F = 0.5632) and its corresponding probability are greater than 0.05, indicating homoscedasticity of the 

error term. 

 Appendices (4) and (5) refer to the structural stability test of the model, which shows that the model is 

characterized by stability and robustness. 

 Estimation of the Environmental Kuznets Curve Hypothesis: In order to estimate a model that tests the 

Environmental Kuznets Curve (EKC) hypothesis, it is necessary to specify the relationship between CO₂ emissions 

as the dependent variable, and both the logarithm of GDP per capita (logGDPP) and the logarithm of squared 

GDP per capita (logGDPP2) as independent variables. This long-run relationship can be tested using the ARDL 

model methodology, excluding the variable of renewable energy consumption from total final energy consumption. 

The results of this estimation are presented in the following table: 

Table (05): Estimation of the Long-Run Relationship of the ARDL Model (EKC Hypothesis) 

 

Source: Prepared by the researcher based on the outputs of Eviews 12. 

The long-run equation of the ARDL model for testing the EKC hypothesis is formulated as follows: 

𝐿𝑂𝐺𝐶𝑂2 = −0.5323𝐿𝑂𝐺𝐺𝐷𝑃𝑃 + 0.2581𝐿𝐿𝑂𝐺𝐺𝐷𝑃𝑃2 + 3.5901 

Since the main objective of this study is to test the Environmental Kuznets Curve hypothesis, analyzing the long-run 

model results requires examining the significance and the signs of the independent variables’ coefficients to assess 

their consistency with the EKC hypothesis. The findings are as follows: 

 The estimated value of the constant parameter indicates that when the values of the independent variables 

are null, the dependent variable takes a value of about 3.5901, which is statistically significant since the 

probability value is less than 0.05 (P < 0.05). 



 There exists a statistically significant inverse relationship between the logarithm of GDP per capita and the 

logarithm of total CO₂ emissions, as the coefficient sign of GDP per capita is negative, and the probability 

value is less than 0.05 (P < 0.05). This means that a one-unit increase in the logarithm of GDP per capita 

reduces the logarithm of CO₂ emissions by 0.5323 units. This result is consistent with the second stage of 

the Environmental Kuznets Curve (EKC), suggesting that Algeria has surpassed the turning point and has 

begun decoupling economic growth from environmental degradation. This positive trend can be 

explained by structural changes, such as the gradual shift of the Algerian economy from emission-

intensive industrial sectors to more sustainable sectors, in addition to the adoption of more energy-

efficient production technologies. Moreover, this inverse relationship between growth and emissions may 

also reflect the growing effectiveness of national environmental policies or increased public awareness of 

the need to achieve sustainable development, supporting the hypothesis that economic growth no longer 

necessarily comes at the expense of the environment. 

 There exists a statistically significant positive relationship between the logarithm of squared GDP per 

capita and the logarithm of total CO₂ emissions, as the coefficient of squared GDP per capita is positive, 

with a probability value less than 0.05 (P < 0.05). This indicates that a one-unit increase in the logarithm of 

squared GDP per capita raises the logarithm of CO₂ emissions by 0.2581 units. 

 

Conclusion and Recommendations 

The persistence of economic growth in Algeria, accompanied by a renewed positive association with pollution, 

does not conform to the conventional assumption of the Environmental Kuznets Curve (EKC). This outcome 

suggests that the relationship may not follow a simple inverted-U trajectory but could instead assume a normal U-

shape or a more intricate path. This pattern likely reflects Algeria’s continued reliance on emission-intensive 

sectors, particularly hydrocarbons, alongside environmental policies that may be insufficient to mitigate escalating 

ecological pressures. Accordingly, current economic growth in Algeria may not be environmentally sustainable over 

the long term, highlighting the need for a thorough reassessment of existing economic and environmental policies. 

Based on the study findings, the following recommendations are proposed: 

1. Strengthening environmental policies that support growth: Given the indication that Algeria may be 

experiencing a positive phase of the Kuznets Curve, policymakers should reinforce measures that 

decouple economic growth from environmental degradation. Strategies may include promoting clean 

industries and enforcing stringent environmental regulations. 

2. Re-evaluating the renewable energy strategy: Although renewable energy did not exhibit a statistically 

significant impact in the model, it remains crucial to reassess and activate national renewable energy 

initiatives. Enhancing their integration into the national energy mix can accelerate the energy transition 

and support sustainable long-term growth. 

3. Promoting sustainable economic diversification: Efforts should aim to reduce dependence on emission-

intensive sectors, such as hydrocarbons, while fostering the development of the knowledge economy, 

service sectors, and green industries. Such diversification can prevent the resurgence of a positive growth–

pollution relationship in the future. 

4. Conducting future studies: Further research is recommended, incorporating additional variables such as 

trade openness, foreign direct investment, and institutional quality, to achieve a more comprehensive 

understanding of the factors shaping the interaction between the environment and the economy in 

Algeria. 
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Appendices: 

Appendix (01): Results of ADF Stationarity Test

 

Source: Prepared by the researcher based on the outputs of Eviews 12. 

 

 

 

Appendix (02): Results of the Normality Test

 

Source: Prepared by the researcher based on the outputs of Eviews 12. 

  



Appendix No. 03: Results of the Autocorrelation Test

 

Source: Prepared by the researcher based on the outputs of Eviews 12 software. 

 

Appendix No. 04: Results of the Heteroskedasticity Test

 

Source: Prepared by the researcher based on the outputs of Eviews 12 software. 

 

Appendix No. 05: Results of the Structural Stability Test  

Source: Prepared by the researcher based on the outputs of Eviews 12 software. 
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