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Abstract: In a world increasingly threatened by climate change and its associated risks, there’s 

an urgent need to actively seek solutions for environmental protection and sustainable economic 

development. Central to this effort is understanding the role of environmental taxes and 

productive capacities in shaping environmental outcomes. Focusing on countries within the 

European Economic Area (EEA), this research uses advanced second-generation econometric 

techniques to examine this relationship. The use of cross-sectional autoregressive distributive 

lag (CS-ARDL) and dynamic common correlated effects (DCCE) models allows for a robust 

examination of panel data and provides reliable results. The results reveal an inverted U-shaped 

relationship, or Environmental Kuznets Curve (EKC), between GDP growth and environmental 

degradation in the EEA economies. Furthermore, while our data reveal a significant negative 

correlation between environmental taxes and CO2 emissions, we find that productive capacities 

have a more significant impact on reducing these emissions. These findings call for further 

research into the effectiveness of policies to support productive capacities in achieving 

environmental protection goals in the EEA. 

Keywords: Environmentally related taxes, productive capacities, environmental degradation, 

European Economic Area countries, CS-ARDL, DCCE. 
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1. Introduction  

In the face of escalating global climate change, the need to bridge the gap between existing 

climate change mitigation policies and the comprehensive efforts needed to meet the 

temperature targets of the Paris Agreement is more urgent than ever. The Paris Agreement, 

signed in 2015, emphasizes the critical need to balance economic growth with environmental 

sustainability. This need has significantly increased the focus of policymakers and researchers 

alike on the complex relationship between economic development and environmental 

protection. 

The concept of the environmental Kuznets curve (EKC), an inverted U-shaped relationship 

between pollution and economic development, was first introduced by Grossman and Krueger 

(1991). This concept has given rise to two different perspectives on the nature of the relationship 

between the environment and the economy. One perspective argues that environmental 

regulation increases the cost of pollution control, leading to negative effects on economic 

growth (Metcalf, 2021). Conversely, another perspective argues that an appropriate level of 

environmental regulation stimulates technological advancement, drives business growth, and 

offsets the costs of pollution, thereby promoting economic growth (Ward et al., 2019). This 

latter view is further supported by Porter and Linde (1995), who coined the term “innovation 

offsets” to describe the potential benefits from implementing eco-innovations. 

UNCTAD (2020) describes productive capacities as comprising three main dimensions: 

productive resources, entrepreneurial capabilities, and production linkages. These elements 

together determine a nation’s ability to produce goods and services and are influenced by 

various factors such as education, technology, infrastructure, and institutions. Environmental 

taxes, which include carbon and pollution taxes, target activities that have a negative impact on 

the environment. The primary objective of such taxes is to incentivize individuals and firms to 

adopt more environmentally friendly practices and technologies, while generating revenues that 

can be reinvested in environmental protection and other public goods (Baumol and Oates, 1988; 

Metcalf, 2021). 

While the relationship between Gross Domestic Product (GDP) growth, environmental taxes 

and environmental degradation has been extensively studied, the role of productive capacities 

in this relationship has received less attention, especially in the context of the European 

Economic Area (EEA). This is where our study aims to contribute - by providing evidence that 

productive capacities play a substantial role in reducing CO2 emissions, even more so than 

environmental taxes. This finding underscores the need for more research on the effectiveness 

of policies that promote productive capacities in the context of environmental protection in the 

EEA. 

This study attempts to identify EKC in the economies of the EEA, while also considering the 

influence of environmental taxes and productive capacities on the quality of the environment. 

We use advanced econometric techniques, including cross-sectional autoregressive distributive 

lag (CS-ARDL) and dynamic common correlated effects (DCCE), to analyze a data set for the 

years 2000 to 2018. We additionally use second-generation panel tests to mitigate the potential 

spurious results caused by cross-sectional dependence and slope heterogeneity. Based on our 

findings, we then provide policy recommendations aimed at promoting a more sustainable and 

inclusive economy in the EEA countries. 
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The paper is organized as follows: Section 2 presents a literature review focusing on 

environmental degradation and related control variables. Section 3 provides the theoretical 

framework of our study and details the methodology and estimation procedures used. Section 

4 reports and interprets the results of our analysis. Section 5 concludes our research by 

discussing the main findings and proposing policy recommendations for improving 

sustainability in the EEA. 

2. Background and literature review  

2.1. Environmental taxes and environmental degradation 

The relationship between environmental taxes, environmental degradation, and economic 

development has become an increasingly important focus of recent research. Environmental 

taxes have emerged as powerful tools with the potential to mitigate the negative externalities 

that economic activities often generate and to foster a culture of environmental sustainability 

among firms and individuals alike. They are fiscal instruments that balance and interweave 

policies that promote economic prosperity while ensuring environmental protection, paving the 

way for sustainable growth (Eurostat, 2013; OECD, 2019). For a more comprehensive 

understanding, environmental taxes can be broadly grouped into four areas: energy, 

transportation, pollution, and natural resources. The origins of these taxes, particularly carbon 

taxes and emissions trading schemes, including the “tradable pollution permits” introduced in 

the United States since the 1960s, can be traced back to the seminal work of Pigou (1920) and 

Coase (1960). These taxes serve multiple purposes: to achieve environmental goals, to 

incentivize environmentally friendly activities, and to address non-environmental issues. The 

EEA has demonstrated a remarkable commitment to the application of environmental taxes, 

with all member states implementing some form of these levies, covering energy, 

transportation, and pollution. However, the effectiveness of these fiscal instruments in 

mitigating environmental degradation remains a subject of ongoing debate. 

The positive effects of environmental taxes on climate change and pollution reduction have 

been substantiated in multiple studies. For example, Szasz (2023) found that environmental 

taxes mitigate carbon footprints and environmental damage in the United States. Doğan et al. 

(2022) demonstrated that a tax on carbon emissions can significantly reduce emissions and 

encourage the use of renewable energy sources in G7 countries. These findings are supported 

by multiple studies conducted across different regions and countries. Studies conducted for 

OECD countries (Bashir et al., 2020; He et al., 2023), Colombia (Calderón et al., 2016), Asian 

economies (Chien et al., 2021), Chile (Vera and Sauma, 2015), China (Wang et al., 2023a), 

Latin American and Caribbean countries (Wolde-Rufael and Mulat-Weldemeskel, 2022a), and 

EEA countries (Ghazouani et al., 2020; Liddle and Lung, 2010; Neves et al., 2020; Wang et al., 

2022; Wolde-Rufael and Mulat-Weldemeskel, 2022b) consistently show the positive impact of 

environmental tax policies on reducing carbon emissions and improving environmental 

outcomes. 

A strand of literature has highlighted the role of environmental taxes in promoting the adoption 

of clean technologies and reducing pollutant emissions. For example, Xu et al. (2020) found 

that the implementation of carbon taxes in European countries promoted the use of electric 

vehicles, which in turn helped reduce carbon emissions in the automotive sector. In addition, 

Koval et al. (2022) found that green taxes in European countries increased the adoption of 

environmentally friendly technologies, which subsequently reduced environmental impacts. 
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Aydin and Esen (2018) examined the effect of total environmental taxes on CO2 emissions in 

15 European Union (EU) countries and identified a dual effect of reducing emissions and 

promoting technological innovation and the development of green technologies. 

Another stream of studies has focused on the effects of specific types of environmental taxes. 

Silajdzic and Mehic (2018) investigated the impact of energy and transport taxes on CO2 

emissions in ten transition economies from 1995 to 2015, using the panel cointegration method. 

Their results confirmed the validity of the EKC hypothesis, showing that energy taxes had a 

significant and positive effect on CO2 emissions. However, transport taxes did not have a 

similar statistically significant effect. 

Despite the broad consensus on the effectiveness of environmental taxes in reducing 

environmental degradation, concerns have been raised about their potential negative impact on 

economic growth. For example, Tu et al. (2022) found that the introduction of a tax on carbon 

emissions significantly improved environmental quality but resulted in substantial reductions 

in most economic variables. Nevertheless, Depren et al. (2023) argue that the effectiveness of 

environmental taxes in achieving their intended goals may vary due to several factors. Their 

study reveals the heterogeneous effects of environmental taxes on CO2 emissions and 

concludes that the effectiveness of the European carbon tax system varies across countries, 

despite overall positive results. Similarly, Delgado et al. (2022) point to the complex, context-

specific nature of the relationship between environmental taxes and economic growth. 

Building on Pearce’s (1991) theory of the “double dividend” effect of environmental taxes, 

environmental tax revenues could be channeled to reduce existing tax rates. This tax shift 

suggests that environmental taxes could generate a double benefit, known as the “green” and 

“blue” dividends. The “green dividend” refers to the environmental benefits, while the "blue 

dividend" refers to the reduction in the impact of the existing tax system on factors of production 

such as capital and labor, thereby stimulating job creation and economic growth (Shayanmehr 

et al., 2023). However, the potential of these taxes to promote renewable energy has yet to be 

fully explored. As highlighted by Rafique et al. (2022), Alola et al. (2023), Gyamfi et al. (2023), 

and Shayanmehret et al. (2023), revenue from environmental taxes could be strategically 

allocated to renewable energy investments, countering the phenomenon of the “green paradox,” 

where the prospect of reduced demand may lead to increased production of non-renewable 

energy sources, thereby exacerbating pollution (Sinn, 2008). For example, studies by Dogan et 

al. (2023) argue for the allocation of environmental tax revenues to renewable energy 

development. They argue that renewable energy sources can significantly reduce emissions and 

promote sustainable growth, underscoring the need for a deliberate redirection of environmental 

tax revenues to the renewable energy sector. In addition, an analysis of G7 countries by Wang 

et al. (2023c) found that environmental tax revenues, if properly allocated, contribute 

significantly to renewable energy development. 

However, the effectiveness of environmental taxes in achieving environmental and economic 

goals largely depends on their design and implementation. A study by Li and Masui (2019) 

found that while environmental taxes help reduce emissions of most pollutants, they may have 

a negative impact on economic growth. This negative outcome could result from increased 

production costs and damage to international competitiveness associated with these taxes 

(Mulatu, 2018). Further research by Aydin and Esen (2018) suggests that the economic 

outcomes of environmental taxes in the EU depend on the specific tax design. They found that 

beyond a certain threshold, the effectiveness of these taxes may deteriorate. Similarly, Chang 

et al. (2023) found that poorly designed environmental taxes may lead to negative economic 
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outcomes, such as economic contraction or even bankruptcy of firms, ultimately leading to job 

losses. 

Given the dual effects of environmental taxes - both improving environmental quality and 

potentially contributing to environmental degradation - their impact on ecological footprints in 

countries with significant renewable energy consumption warrants further study. A 

comprehensive understanding of the role of environmental taxes requires a nuanced 

examination of their purpose; whether they serve primarily as genuine environmental 

interventions or are designed primarily as revenue raising instruments (Karmaker et al. 2021). 

The conceptualization of environmental taxes as a new resource for the EU further amplifies 

their potential role in sustainable development (Palenik and Miklosovic, 2018). Parry’s (2012) 

suggestion that environmental taxes can increase government revenues, thereby providing 

critical funds for investments in clean technologies, underscores this point. Thus, green taxes 

not only act as a deterrent to environmentally harmful practices, but also generate resources that 

can be channeled into sustainable innovation. In addition, the management of the revenues 

generated by environmental taxes plays a key role in their effectiveness as a tool for 

environmental protection. In general, revenue from environmental taxes is earmarked for 

specific purposes, following the principle of special funds for special uses. This ensures that 

the funds raised by taxing environmentally harmful activities are reinvested in initiatives that 

mitigate environmental damage and support ecological restoration. This perspective is 

supported by Kombat and Wätzold (2019), who argue that environmental taxes have been 

successful in mitigating environmental problems in part because a portion of the tax revenue 

has been specifically earmarked for environmental protection measures. Thus, the true value of 

environmental taxes lies not only in their ability to discourage harmful environmental practices, 

but also in their potential as a source of funding for environmental protection and sustainable 

development initiatives. However, their effectiveness depends on the purpose of these taxes and 

how their revenues are managed. Therefore, an in-depth analysis of the role, implementation, 

and management of environmental taxes is needed to better understand their impact on 

ecological footprints and their potential role in promoting renewable energy consumption. 

Environmental taxes therefore play an important role in promoting environmental sustainability 

and economic growth. However, their effectiveness is influenced by several factors, including 

the design of the tax, the expected response of non-renewable energy producers, and the 

strategic use of tax revenues. This complexity underscores the need for policymakers to take 

these factors into account when designing and implementing environmental tax policies. 

Continued empirical research is needed to refine these policies and increase their effectiveness 

in achieving desired environmental and economic outcomes. 

2.2. Productive capacities and environmental degradation 

It is now recognized that pursuit of both economic growth and environmental protection is 

feasible due to the relationship between productive capacities, environmental degradation, and 

economic development in the context of climate change. Pursuit of these objectives relies on 

types of productive capacities, including human capital, natural capital, energy, transport, 

information and communication technology (ICT), institutions, private sector, and structural 

change. The United Nations Conference on Trade and Development (UNCTAD) Productive 

Capacity Index (PCI) provides a framework for comprehensive evaluation and assessment of 

national productive capacity, including the country’s its capacity to achieve sustainable 

economic growth while mitigating climate change. This framework captures the various factors 
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that contribute to economic development while taking account also of environmental 

sustainability. 

Human capital, which encompasses a country’s cumulative knowledge, education, health, 

skills, and training, is widely recognized as the primary input to inclusive production (Ashraf 

and Javed, 2023; Wang et al., 2023b). Studies conducted across different methodologies, time 

periods, and geographical contexts consistently emphasize the central role of human capital, 

particularly its educational component, in promoting sustainable practices and mitigating 

environmental degradation. Saqib et al. (2023) found a significant relationship between human 

capital enhancement through education and reduced ecological footprint in 16 European 

countries from 1990 to 2020, while Meyer (2015) and Baiardi and Morana (2021) highlighted 

the indispensable role of education in cultivating environmental awareness in Europe. Özbay 

and Duyar (2022) and Ahmad et al. (2023) demonstrated the significant contribution of higher 

education to CO2 emission reduction in OECD countries from 1997 to 2019 and 1990 to 2018, 

respectively. Caglar and Askin (2023) examined the impact of economic globalization, human 

capital, gross capital formation, and total factor productivity on the ecological footprint in the 

top 10 competitive industrial performance economies for the period 1990-2018, acknowledging 

potential negative environmental impacts but emphasizing the positive role of renewable energy 

consumption and human capital. Mehmood (2022), using annual data from 1984-2017 for a 

group of 11 countries, noted the potential negative effects of financial development, but 

suggested that these effects could be mitigated by human capital and institutional quality. 

Çamkaya et al. (2022) showed that human capital has a negative effect on carbon emissions and 

ecological footprint in Turkey from 1980 to 2018. Liu et al. (2023) highlighted the positive 

effects of educational attainment, renewable energy consumption, internet use, and financial 

development on green growth in China from 1991 to 2019. Wang et al. (2023c) tested the EKC 

hypothesis based on an aggregate dataset of 208 countries from 1990 to 2018, highlighting the 

importance of trade openness, human capital, renewable energy consumption, and natural 

resource rent in achieving carbon neutrality globally. They also found that renewable energy 

consumption has a better emission reduction effect for countries before the EKC inflection 

point, while human capital has a better emission reduction effect for countries after the 

inflection point. Wang et al. (2023b) demonstrated the nexus between natural resources, 

sustainable energy, human capital, and consumption-based carbon emissions in G-7 economies 

from 1976 to 2020, emphasizing the role of natural resources, clean energy, and human capital 

in preserving environmental quality. Karaduman (2022) highlighted the negative correlation 

between economic globalization and human capital with ecological footprint, while 

emphasizing the positive relationship between GDP per capita and ecological footprint in 

emerging economies from 1975 to 2017. Despite the differences, these studies collectively 

confirm the significant and multifaceted role of human capital in achieving environmental 

sustainability and solidify its position as a vital asset in shaping the inclusive production of our 

world. 

Natural capital includes natural resources and ecosystems and is crucial for sustaining economic 

growth and human well-being while also providing a wide range of ecosystem services that 

support human societies. In the EEAs, the depletion and deterioration of natural capital have 

been identified as among the main causes of environmental degradation (Abbasi et al., 2021; 

Du et al., 2022; Farrell et al., 2022; Pascual et al., 2017; Schlaepfer and Lawler, 2023). Areas 

such as energy and transport play a crucial role in promoting sustainable development. 

Numerous studies indicate that utilizing renewable energy sources and developing more 

efficient transportation systems can result in reduced greenhouse gas emissions (Chu, 2022; 

Dahmani et al., 2021; Dogan et al., 2020; Khan et al., 2022a, 2022b; Saqib et al., 2022). In 
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many economic sectors, ICTs have the power to reduce environmental impact and improve 

resources efficiency (Ahmad et al., 2023; Dahmani et al., 2023; Dahmani et al., 2022; Park et 

al., 2018; Wang et al., 2022; Xie et al., 2023). This strand of work highlights how ICTs 

contribute by reducing CO2 emissions through more efficient use of resources and sustainable 

consumption and production practices. ICT applications can increase resource use efficiency, 

reduce waste and emissions, and support the development of sustainable business models. The 

involvement of the private sector has been identified as important in several studies that 

highlight the role of corporate social responsibility and environmental management systems for 

promoting sustainable development (Biró and Szalmáné Csete, 2021; Puig et al., 2022). Private 

sector innovation can contribute to the development of eco-friendly technologies and processes 

which reduce the effects of production and consumption on the environment. The productive 

capacity of private sector industries contributes significantly to environmental degradation 

(e.g., through the substantial greenhouse gas emissions by the transportation sector, Alkhani, 

2020). Policies that encourage low-carbon transport options have been shown to be effective in 

reducing these emissions. The manufacturing sector’ also causes environmental degradation; 

sustainable manufacturing practices have been found to be effective for reducing the impact on 

the environment (Quintás and Martínez-Senra, 2022; Renukappa et al., 2013). In addition, 

institutions and structural change are important for promoting sustainable development and 

reducing environmental degradation; several studies show that effective policy and regulatory 

frameworks can promote green investment and sustainable business practices (Glass and 

Newig, 2019; Le and Ozturk, 2020; Wurzel (2016). Institutional frameworks can also play a 

crucial role in facilitating the transition to low-carbon and resource-efficient economies 

(Bradley, 2022; Cifuentes-Faura, 2022). Finally, structural change and particularly the shift 

towards a circular economy can reduce environmental impacts and promote sustainable growth 

significantly (Calisto Friant et al., 2021; Moberg et al., 2019; Zhao et al., 2022). 

Overall, the literature demonstrates the need for transformative changes to productive capacities 

including both decarbonization and sustainable production and consumption practices, to 

mitigate the environmental impacts of these systems on climate change. While there is evidence 

to suggest that some types of productive capacity promote sustainable development, more 

research is needed to understand their specific effects in the context of the EEA countries. 

3. Data and methodology 

3.1. Data specification 

We use a balanced annual panel dataset covering all EEA countries over the period 2000 to 

2018 (see table 1). The sample countries are Austria, Belgium, Bulgaria, Croatia, Cyprus, Czech 

Republic, Denmark, Estonia, Finland, France, Germany, Greece, Hungary, Iceland, Ireland, 

Italy, Latvia, Liechtenstein, Lithuania, Luxembourg, Malta, Netherlands, Norway, Poland, 

Portugal, Romania, Slovakia, Slovenia, Spain, and Sweden. The World Development Indicators 

(2023) provided data for CO2 emissions per capita (CO2_PC) measured in metric tons, and real 

GDP per capita (GDPC_PC) measured in constant 2015 US dollars, while the UNCTAD (2023) 

Productive Capacities Index (CPI) was used to measure productive capacities. We obtained the 

environmentally related tax revenue from the OECD (2023) database, which was defined as a 

percentage of GDP. The period of analysis was selected based on the availability of complete 

data for all variables considered. 
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Table 1. Variables’ definition and descriptive statistics 

Variable Description Obs. Mean Std. Dev. Min. Max. Source 

LnCO2_PC 
CO2 emissions 

(metric tons) 
570 7.584 3.431 2.927 25.604 WDI 

LnGDP_PC 

GDP per capita 

(constant 2015 

US$)  

570 34349.660 28906.200 3717.677 178864.900 WDI 

LnERT 

Environmentally 

related tax revenue 

(% of the GDP) 

570 2.580 0.688 0.471 5.000 OECD 

LnPCI  
Productive 

Capacities Index 
570 39.663 4.146 28.450 48.371 UNCTAD 

3.2. Model specification and estimation strategy 

The objective of this study is to investigate the impact of environmental-related taxes and 

productive capacities on climate change. The validity of the relationship is tested using the 

cointegration panel method based on the long-run relationship between the variables of interest 

and CO2 emissions. The data used for the study come from a relatively heterogeneous region 

which underlines the need to consider cross-section dependence and heterogeneity. The 

functional form of the model can be written as follows: 

( ) ( ) ( ) ( )0 1 2 3 42 _ _ 2 _it it it it it itLCO PC LGDP PC LGDP PC LERT LPCI     = + + + + +  

where LCO2_PC is climate change, LERT is environmental-related tax, LPCI is productive 

capacity index, LGDP_PC is real GDP per capita, GDP2_PC is GDP per capita squared, and ε 

is the error term. 

The econometric methodology consists of five stages. First, we determine the cross-section 

dependence of the variables using the Pesaran (2015) test for weak cross-section dependence. 

Second, we test the slope homogeneity of the cointegration coefficients using the delta test 

developed by Pesaran and Yamagata (2008). Third, we use the cross-section augmented Im, 

Pesaran and Shin (CIPS) and cross-section augmented Dickey-Fuller (CADF) developed by 

Pesaran (2007) to ascertain the level of integration of the variables. Fourth, having established 

the presence of cointegration relationships using the error-correction-based panel cointegration 

tests developed by Westerlund (2007), to estimate the long-run cointegration coefficients we 

apply CS-ARDL and DCCE techniques developed by Chudik et al. (2016) and Chudik and 

Pesaran (2015). Finally, based on the estimation results we test the validity of the EKC 

hypothesis. The estimation approaches are well-suited to a panel data setting and allow for 

estimation of both long- and short-run relationships between the variables. The CS-ARDL 

method accounts for cross-sectional dependence and yields more efficient coefficient estimates; 

the DCCE approach enables simultaneous estimation of common and individual effects. We 

compare the results of both approaches to ensure robust results. Both methods account for cross-

section dependence and endogeneity which makes them suitable for dynamic panel data models 

with small numbers of cross-sectional units and relatively short time periods.  
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4. Empirical results 

4.1. Cross-section dependence tests 

The initial step in this analysis is to investigate the potential presence of cross-section 

dependence in the data. Cross-section dependence can arise from various factors such as 

common shocks, unobserved factors, or spatial dependence which violate the assumption of 

independence of observations necessary for standard panel data models. To test for cross-

section dependence, we apply the Pesaran (2015) test for weak cross-section dependence. This 

test is based on correlation among the ordinary least square residuals and evaluates the null 

hypothesis of no cross-section dependence. Rejection of the null hypothesis indicates presence 

of cross-section dependence in the data which requires more advanced econometric techniques 

to account for this dependence. 

Table 2 presents the results of the Pesaran (2015) test for weak cross-sectional dependence for 

all the variables included in the panel data model. The results show the existence of cross-

section dependence for all variables which implies that the model error terms are correlated 

across countries. This means that we need to account for cross-section dependence in the 

estimation process. The nature of cross-section dependency and the degree to which it affects 

the estimations must be considered when employing panel data models. 

Table 2. Pesaran (2015) test for weak cross-sectional dependence 

Variables (in log) CD-Statistic P-value 

CO2 emissions per capita (LnCO2_PC) 90.673 0.000 

GDP per capita (LnGDP_PC) 90.903 0.000 

Squared GDP per capita (LnGDP2_PC) 90.875 0.000 

Environmentally related tax (LnERT) 77.640 0.000 

Productive capacity index (LnPCI) 90.911 0.000 
Note: The CD statistic is normally distributed under the null hypothesis of no cross-sectional dependence. 

4.2. Slope homogeneity tests 

The second step tests for slope homogeneity of the explanatory variables across different panel 

dataset units. We employ the Pesaran and Yamagata (2008) delta test which examines whether 

the coefficients of the explanatory variables are homogeneous across different panel dataset 

units. This test is designed to determine whether the impacts of the explanatory variables on the 

different dependent variable units such as countries are consistent. The null hypothesis of the 

test is that the coefficients are homogeneous, with the alternative hypothesis being that they are 

heterogeneous. Rejection of the null hypothesis implies that across different countries the 

explanatory variables have different impacts on the dependent variable, indicating presence of 

slope heterogeneity. 

Table 3 presents the results of the slope homogeneity test for the variables included in the 

model. In all cases, the probability values of the variables are less than 0.01 which rejects the 

null hypothesis of slope homogeneity. Thus, the model coefficients are heterogeneous, and the 

slopes vary from country to country which calls for heterogeneous panel techniques to account 

for these data differences. 
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Table 3. Slope Homogeneity Test (Pesaran and Yamagata, 2008) 

Slope Homogeneity Tests   statistic P-value 

  test 16.949 0.000 

adj  test 20.490 0.000 

Note: The null hypothesis for slope heterogeneity test is slope coefficients are homogenous. 

4.3. Second-generation unit root test 

In the third step of our study, we conducted unit root tests to examine the stationarity of 

individual series in the panel. Since our selected series suffers from both cross-section 

dependence and slope heterogeneity, we use a second-generation unit root test whose 

robustness and validity are well-known. Specifically, we employ second-generation stationary 

techniques which allow for identification and correction of the unit root problem while 

accounting also for cross-section dependence and slope heterogeneity. We conducted the CIPS 

and CADF tests developed by Pesaran (2007); table 4 reports the results for levels and first 

differences. Our findings show that LnPCI is a stationary time series at level I(0), while 

LnCO2_PC, LnGDP_PC, LnGDP2_PC, and LnERT are non-stationary at their levels but 

become stationary at the first difference I(1). 

Table 4. Results of panel unit-root 

Variables (in log) 
Level 

 
First-difference 

Order 
Without trend With trend Without trend With trend 

Cross-Sectionally Augmented IPS (CIPS) 

LnCO2_PC -1.989 -2.525 

 

-4.222*** -4.262*** I(1) 

LnGDP_PC -1.721 -1.842 -2.911*** -3.169*** I(1) 

LnGDP2_PC -1.763 -2.603 -3.149*** -3.165*** I(1) 

LnERT -1.415 -2.394 -3.863*** -3.995*** I(1) 

LnPCI -2.227** -2.624* -4.882*** -4.897*** I(0) 

Cross-Sectionally Augmented Dicky-Fuller (CADF) 

LnCO2_PC -1.550 -2.320 

 

-3.570*** -3.820*** I(1) 

LnGDP_PC -1.817 -1.801 -2.948*** -3.112*** I(1) 

LnGDP2_PC -1.775 -1.771 -2.905*** -3.154*** I(1) 

LnERT -1.185 -2.347 -3.930*** -3.995*** I(1) 

LnPCI -2.130* -2.781** -4.695*** -4.742*** I(0) 
Notes: The panel unit-root test was performed under the null hypothesis wherein the variables are homogeneous 

non-stationary. ***, **, and * denote statistical significance level at 1%, 5%, and 10%, respectively. 

4.4. Panel cointegration tests 

The fourth step of the study investigates long run cointegration between variables. Table 5 

presents the results of the Westerlund (2007) cointegration tests, which are particularly useful 

in the presence of heterogeneous slope coefficients and dependence among individual panel 

data. The null hypothesis assumes no long-term cointegration among variables, while the 

alternative hypothesis assumes the opposite. The Westerlund (2007) tests revealed that the null 

hypothesis of non-cointegration can be rejected at both the individual cross-section and panel 

level, allowing for the estimation of long-term equilibrium relationships between variables. 
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Table 5. Westerlund (2007) Panel cointegration tests 

Statistic Value Z-value P-value 

Gτ -5.053 -17.880 0.000 

Gα -11.344 -3.099 0.001 

Pτ -24.236 -12.989 0.000 

Pα -11.049 -5.880 0.000 
Notes: The Gτ and Gα statistics examine co-integration for each cross-section, while Pτ and Pα test for 

cointegration in the panel when the null hypothesis assumes no cointegration. 

4.5. Panel regression results 

Having confirmed the existence of cointegration relationships among the variables, we employ 

the CS-ARDL and DCCE estimators developed respectively by Chudik et al. (2016) and 

Chudik and Pesaran (2015), to estimate the long-run cointegration coefficients. These 

estimators account for cross-section dependence and slope heterogeneity. The CS-ARDL 

method provides more efficient coefficient estimates while the DCCE approach allows for 

simultaneous estimation of common and individual effects. Both methods are suited to dynamic 

panel data models with small numbers of cross-section units and relatively short time periods 

which makes them appropriate for our study which uses panel data for EEA countries. 

The short-term and long-term results of the CS-ARDL and DCCE models have similar signs 

and significance but differ slightly in their magnitude (see table 6). In both models, the error 

correction term (ECT) ranges from -0.652 to -0.609 indicating that approximately 65.2% and 

60.9% of the disequilibrium observed in the previous year was corrected in the current year. 

Based on the CS-ARDL estimates, the long-run results show that a 1% increase in real GDP 

per capita leads to a 0.628% increase in CO2 emissions, and that a 1% increase in real GDP per 

capita squared results in a 0.026% decrease in CO2 emissions. Similarly, in the DCCE model, 

a 1% increase in real GDP per capita leads to a 0.22% increase in CO2 emissions, while a 1% 

increase in real GDP per capita squared results in a 0.009% decrease in CO2 emissions. These 

findings confirm the existence of an EKC in the EEA countries which is consistent with recent 

research conducted by Bao and Lu (2023) and Simionescu et al. (2022). Chen et al. (2022) also 

found a positive long-term relationship between economic growth and CO2 emissions for the 

EEA countries. This relationship is confirmed in Destek et al. (2018) who use a dynamic panel 

data model to examine the relationship between real income and ecological footprint in 27 EU 

countries. However, the positive correlation between GDP growth and ecological footprint in 

EAA countries suggests that the negative impacts of economic growth on the environment 

might be eased through the implementation of environmental-related taxes and incentives to 

promote development of productive capacity that responds to environmental issues while also 

promoting economic growth. 

Our analysis, utilizing the CS-ARDL model and DCCE estimator, has revealed a significant 

negative correlation between productive capacities and CO2 emissions in both short and long-

term periods within EEA countries. Specifically, our findings indicate that a 1% rise in 

productive capacities corresponds with a 0.357% and a 0.308% decrease in overall and per 

capita CO2 emissions, respectively. This correlation underscores the crucial role of robust 

productive capacities - characterized by strategic investments in education, renewable energy 

sources, sustainable transportation infrastructure, digital technologies, and sustainable business 

practices - in mitigating environmental degradation. In addition, our study revealed a notable 

inverse relationship between environmental taxes and CO2 emissions. According to the CS-

ARDL model, a 1% increment in environmental taxes is associated with a 0.057% reduction in 
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the environmental footprint. This correlation is reinforced by the DCCE model, which shows a 

0.048% decrease in CO2 emissions for the same 1% increase in environmental taxes. 

Interestingly, the coefficient of the productive capacities index exceeds that of environmentally 

related tax revenue, implying that productive capacities have a more substantial influence on 

reducing CO2 emissions. This discrepancy could stem from variations in the design and 

implementation of environmental protection policies and the efficiency of institutions across 

different EEA economies. These findings not only align with existing research in the field but 

also underscore the imperative for robust productive capacities and effective environmental 

policies in reducing CO2 emissions and enhancing environmental quality (as demonstrated in 

works by Alkhani, 2020; Biró and Szalmáné Csete, 2021; Bradley, 2022; Calisto Friant et al., 

2021; Chu, 2022; Cifuentes-Faura, 2022; Doğan et al., 2022; Du et al., 2022; Ghazouani et al., 

2020; Glass and Newig, 2019; Le and Ozturk, 2020; Moberg et al., 2019; Neves et al., 2020; 

Oluc et al., 2023; Puig et al., 2022; Quintás and Martínez-Senra, 2022; Simionescu et al., 2022; 

Wang et al., 2022; Wolde-Rufael and Mulat-weldemeskel, 2022b; Zhao et al., 2022). 

Moreover, our analysis validates the effectiveness of the European Union’s ongoing efforts to 

minimize pollution transfer and implement carbon tariffs as part of the European Green Deal. 

Under this initiative, the EU is proactively implementing comprehensive measures, such as the 

“Fit for 55” package and the Emissions Trading System, to achieve climate neutrality by 2050 

(European Parliament, 2023). A central element of these efforts is the Carbon Border 

Adjustment Mechanism, which imposes a carbon levy on imports from countries with less 

stringent climate regulations, thereby mitigating the risk of carbon leakage. 

As a result, it is crucial to consider the economic capacity of nations when designing 

environmental policies. Countries with robust productive capacities, typically high-income 

countries, are in a better position to reduce CO2 emissions. At the same time, environmental 

tax policies can be powerful tools for reducing emissions, although their effectiveness depends 

on the economic capacity of the countries implementing them. The case of the EU illustrates 

how such policies can be used, adapted, and strengthened to achieve ambitious environmental 

goals. Our findings therefore underscore the critical role of environmental taxes and productive 

capacities in fostering sustainable and inclusive economic transitions, and the need for judicious 

design and implementation of environmental policies. 

Table 6. Short-run and long-run estimates using the CS-ARDL and DCCE methods 

 
CS-ARDL DCCE 

Variables Coefficient Std. Err. P-value Coefficient Std. Err. P-value 

 Short-run results 

LnGDP_PC 0.987*** 0.278 0.000 1,109*** 0,411 0,000 

LnGDP2_PC -0.052*** 0.013 0.000 -0,046*** 0,019 0,000 

LnERT -0.017* 0.009 0.074 -0.001* 0.004 0.068 

LnPCI -0.138** 0.042 0.047 -0.113* 0.022 0.094 

ECT(-1) -0.652*** 0.085 0.000 -0.609*** 0.091 0,000 

 Long-run results 

LnGDP_PC 0.628*** 0.175 0.000 0,821*** 0,220 0.000 

LnGDP2_PC -0.026*** 0.013 0.000 -0,031** 0,009 0.001 

LnERT -0.057** 0.038 0.028 -0.048** 0.018 0.035 

LnPCI -0.357** 0.322 0.002 -0.308*** 0.277 0.000 

CD Statistic -0.790  0.427 -1.040  0.298 
Note: The CD statistic test is standard normally distributed under the null of hypothesis of weak cross-section 

dependence. ***, **, and * denote statistical significance at the 1%, 5%, and 10% levels, respectively. 
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5. Conclusions and policy recommendations 

5.1. Conclusions 

This study aimed to investigate the complex relationships between GDP growth, productive 

capacities and environmental taxes and their combined effect on environmental quality. To 

address the methodological challenges, advanced second-generation CS-ARDL and DCCE 

methods were employed to effectively deal with cross-sectional dependence, slope 

homogeneity, and endogeneity issues. This robust approach enabled a comprehensive global 

assessment of the EKC across all 30 EEA countries from 2000 to 2018. 

The results confirm the existence of the EKC relationship, suggesting that environmental 

quality improves once GDP growth reaches a certain threshold. Moreover, a significant 

negative correlation between environmental taxes and CO2 emissions was observed in both 

specifications, highlighting the effectiveness of fiscal policy in promoting environmental 

sustainability. The results also emphasize the crucial role of robust productive capacities in 

mitigating environmental degradation. 

5.2. Policy recommendations 

Based on these findings, several policy recommendations emerge to balance economic 

development and environmental sustainability: 

First, fostering productive capacities in strategic sectors such as education, renewable energy, 

sustainable transportation, digital technologies, and sustainable business practices is critical for 

industrial decarbonization. By incentivizing investment in these sectors, countries can support 

the development of sustainable infrastructure and encourage the adoption of green technologies. 

Second, there is a need to refine environmental tax policies to provide stronger incentives for 

industries to transition to greener practices while minimizing regressive effects on low-income 

households. This includes basing minimum tax rates on the actual energy content and 

environmental performance of fuels and electricity, continuously updating rates based on 

consumer prices, and broadening the tax base by eliminating exemptions and rebates. 

In addition, policymakers should institutionalize and clarify initiatives such as the proposed 

revision of the Energy Tax Directive as part of the European “Fit for 55” package. The 

objectives and purpose of this revision should be clearly defined, with a particular focus on 

encouraging investment in new and innovative green industries and securing green tax 

revenues. This will facilitate the creation of a green financial system that will drive the transition 

to a sustainable and inclusive low-carbon economy. 

Strengthening institutional capacities is an essential prerequisite for the successful 

implementation of environmental policies. Policymakers should improve enforcement 

mechanisms, promote transparency and accountability, and facilitate the sharing of best 

practices among countries. Improving institutional capacities will enable effective enforcement 

of environmental regulations and promote the adoption of sustainable practices. 

Fostering regional and global cooperation is crucial to addressing the transboundary nature of 

climate change. Policymakers should encourage cooperation among nations, drawing 

inspiration from successful initiatives such as the European Green Deal. Refining mechanisms 

such as the Carbon Border Adjustment Mechanism will help prevent carbon leakage and 

promote global environmental justice. 
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Ensuring inclusive and sustainable transitions is paramount. Policymakers should design 

policies that prevent socio-economic inequalities and protect vulnerable groups during the 

transition to a low-carbon economy. Providing support, implementing retraining programs and 

establishing social safety nets for communities heavily dependent on high-carbon industries are 

critical aspects of this effort. 

Promoting green growth through the adoption of green technologies, renewable energy and 

strong environmental regulations is essential. Policymakers should prioritize investments in 

sustainable infrastructure, encourage the use of renewable energy sources, and enforce 

environmentally friendly practices in industry. 

Finally, citizen engagement should be strengthened to ensure effective implementation of these 

policy recommendations. Active citizen participation in energy and environmental 

development strategies, coupled with increased transparency in energy systems, will foster 

environmental awareness and promote sustainable practices. 

5.3. Research limitations and future directions 

Despite the significant contributions of this study, it is important to note that the geographical 

scope of our research is limited to the EEA countries. While this focus provides in-depth 

insights into the EKC within these countries, it limits the broader applicability of our findings 

to non-EEA countries with different socio-economic and environmental contexts. In addition, 

data availability for the variable of productive capacities was restricted to the period 2000-2018, 

which limits the time span of our analysis. 

Future research could broaden the scope by including additional variables such as energy prices, 

institutional quality, and R&D expenditures to gain a more comprehensive understanding of the 

dynamics of environmental quality. Studies could also examine variations in environmental 

degradation and response strategies across countries and time periods. Understanding the gap 

between policy design and implementation could prove particularly insightful, as this gap can 

have a significant impact on policy effectiveness. 
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