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Abstract: This study examines the complex relation among environmental taxes, productive 
capacities, urbanization, and their collective effects on environmental quality in Africa, drawing on 
two decades of data from twenty African countries. It situates the study within the broader 
discourse on sustainable development and economic growth, emphasizing the Environmental 
Kuznets Curve (EKC) framework to examine the relationship between economic development, 
characterized by urban expansion and increased productive capacities, and the adoption of 
environmental taxes amidst the continent’s diverse economic and environmental environments. 
Using advanced econometric techniques, including the Cross-Section Augmented Autoregressive 
Distributed Lag (CS-ARDL) model and the Dynamic Common Correlated Effects Mean Group 
(DCCEMG) estimator, the study addresses data challenges such as cross-sectional dependence and 
slope heterogeneity. The results provide important insights into the dynamics of environmental 
quality in relation to economic and urban growth and the role of environmental taxation. The study 
proposes tailored policy strategies aimed at strengthening sustainable development initiatives in 
line with international agreements such as the Paris Agreement and the Sustainable Development 
Goals. These strategies advocate for a nuanced application of environmental taxes and the 
promotion of productive capacities to enhance environmental sustainability across the African 
continent. 

Keywords: Environmental taxes; productive capacities; urbanization; environmental quality; CS-
ARDL; DCCEMG; AMG; Africa. 

JEL Classification: Q56; Q53; Q58; O44; R11; H23 
 

1. Introduction 

The quest for sustainable development in Africa is marked by a compelling paradox: the 
continent's minimal contribution to global greenhouse gas emissions contrasts sharply with its 
significant vulnerability to the impacts of climate change. This stark contrast underscores the urgent 
need for African countries to adopt development models that combine economic growth with 
environmental sustainability. This challenge is multidimensional, requiring the promotion of 
economic and technological progress while addressing the impacts of climate change, all within the 
framework of global sustainability benchmarks such as the Paris Agreement and the Sustainable 
Development Goals (SDGs). At this critical crossroads where aspirations for development, 
environmental integrity, and social equity meet, our study seeks to shed light on the intricate linkages 
between economic development, environmental sustainability, and social progress in the African 
context. 
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The paper identifies environmental taxes, productive capacities, and urbanization as key areas 
of investigation. Environmental taxes, based on the polluter pays principle (Eurostat 2013; OECD 
2019), are posited as influential mechanisms for promoting sustainable practices by imposing 
financial penalties on environmentally harmful activities. However, the discourse on their 
effectiveness is divided. Some studies emphasize their potential to mitigate environmental 
degradation (Arouri et al. 2014; Tan et al. 2022; Köppl and Schratzenstaller, 2023), while others 
highlight the socio-economic challenges they can create (Al-Rawi et al., 2023; Ullah et al., 2023). This 
divergence reinforces the need for environmental fiscal policies that are nuanced and tailored to the 
African context. At the same time, improving productive capacities is emerging as a critical strategy 
for sustainable growth, going beyond mere technological and infrastructural advances to include 
human capital development (UNCTAD, 2021). However, the empirical literature presents a complex 
and varied picture of the relationship between productive capacities and environmental 
sustainability (Demissew Beyene and Kotosz 2020; Xin et al. 2023), underscoring the need for 
integrated and holistic development strategies. 

Urbanization in Africa presents a dual narrative of progress and vulnerability. While urban 
expansion signals economic development, it also magnifies environmental challenges. The 
transformation of urban areas into centers of economic activity significantly affects environmental 
quality, primarily through changing pollution dynamics and resource consumption patterns (Ben 
Youssef et al. 2021; Balsalobre-Lorente et al. 2023; Khan et al. 2023; Abdulqadir 2024). Moreover, the 
search for affordable energy in rapidly urbanizing contexts in Africa is closely linked to rising carbon 
emissions, which are particularly pronounced in sub-Saharan Africa (Awad et al. 2023; Wang et al. 
2023). These developments bring to the forefront the complex interactions between urbanization, 
renewable energy adoption, and environmental protection, requiring a comprehensive 
understanding of the environmental impacts of urban growth to inform sustainable development 
strategies. 

Using the EKC hypothesis as a conceptual framework (Grossman and Krueger 1991; Dinda 2004; 
Stern 2004), this study examines the complex dynamics between environmental taxes, productive 
capacities, and urbanization within African countries. The EKC hypothesis suggests a nuanced 
relationship between economic growth and environmental health, positing an initial increase in 
environmental degradation that eventually subsides as income levels rise. This framework is central 
to analyzing the sustainable development trajectories of African countries. This research evaluates 
how African countries navigate the EKC through different stages of economic growth and assesses 
the collective impact of environmental taxes, productive capacities, and urbanization on 
environmental quality. By employing advanced econometric techniques to address issues of cross-
sectional dependence, structural breaks, and slope heterogeneity (Pesaran 2006; Baltagi 2015), the 
study aims to achieve a comprehensive and nuanced understanding of the data while addressing the 
complexities inherent in panel data analysis. 

This study contributes to the discourse on sustainable development in Africa by providing 
empirically grounded analysis that can inform policy formulation and stakeholder engagement for 
sustainable growth. By integrating economic and environmental dynamics within a robust analytical 
framework, our research seeks to guide African countries towards achieving the SDGs in line with 
global environmental standards.  

The paper is organized sequentially, first providing a literature review that sets the theoretical 
and empirical stage, followed by a detailed description of the research methodology using advanced 
econometric approaches. An analysis of the data precedes a discussion section that situates the 
findings within the broader narrative of sustainable development. The study concludes with policy 
recommendations aimed at promoting sustainable development across the continent, thus affirming 
its contribution to the global sustainability agenda. 
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2. Background and Literature Review  

2.1. Measuring Environmental Quality 

Advancing sustainable development requires a nuanced understanding of environmental 
quality that integrates ecosystem health with socio-economic impacts. This integration of human 
initiatives and nature underscores the breadth of environmental quality, which goes beyond mere 
environmental metrics to include socio-economic impacts on human progress. Yolles (2018) and 
Purvis et al. (2019) delve into this deep connection between ecosystems and human well-being, 
shedding light on the multifaceted nature of environmental challenges. In addition, work by 
Shobande et al. (2024) on the marriage of information technology infrastructure with renewable 
energy heralds an important step in this cross-disciplinary dialogue, charting a path toward climate 
adaptability. Research by Caglar et al. (2024) and Wang et al. (2024) on the symbiotic relationship 
between environmental taxes, renewable energy initiatives, and the indispensable role of economic 
ingenuity in driving environmental progress underscores the critical need for sustainable policy 
frameworks tailored to African contexts. 

Caglar et al.’s (2023) exploration of the interplay between natural resource use and 
environmental sustainability through the innovative lens of the load-capacity curve hypothesis offers 
new perspectives on managing natural resources for improved environmental health. This study 
enriches the broader discussion of strategic environmental management. Ali et al. (2024) and Luo et 
al. (2023) bring to light the substantial gains from green products and low-carbon technologies, which 
are further enhanced by environmental regulations that promote green innovation, highlighting the 
need for sound green market structures and comprehensive policy frameworks. In addition, Afshan 
and Yaqoob’s (2023) analysis of green innovation and taxation, positioned within the load-capacity 
curve theory, underscores the strategic importance of green policies in the field of environmental 
governance. Huang et al. (2023), Karlilar et al. (2023), and Li et al. (2023) continue this discussion by 
analyzing how environmental laws, digitalization, and green innovation affect business and 
environmental sustainability and by arguing in favor of an integrated policy approach. The findings 
of Anttila and Jussila (2022), Chukkali et al. (2022), and Struwig (2022) on the link between 
sustainability and societal well-being, coupled with Afshari et al.’s (2022) analysis of social 
sustainability indicators in the energy sector, call for a holistic strategy. This strategy, which combines 
technological advances, renewable energy, and unified policies, is paramount to addressing the 
complexities of environmental sustainability in Africa and promoting sustainable practices across the 
continent. 

2.2. Environmental Taxes and Environmental Quality 

Africa's policy toolkit for enhancing environmental quality is starting to include environmental 
taxes as a key component. As defined by the OECD (2019), these fiscal measures target activities with 
a significant environmental footprint and embody the polluter pays principle by aiming to internalize 
the costs associated with environmental damage (Eurostat 2013). This range of taxes extends from 
pollution taxes, such as carbon taxes, aimed at reducing greenhouse gas emissions (Dahmani 2023; 
Köppl and Schratzenstaller 2023), to resource taxes that discourage the overuse of natural resources 
in line with circular economy principles (Tan et al. 2022), and includes taxes on specific products and 
services, such as single-use plastics, to promote sustainable consumption habits (Runst and Höhle 
2022). 

The tax rate, the availability of substitutes for the goods subject to the tax, and the distinct 
institutional and economic features of each region are among the variables that determine whether 
environmental taxes are successful in accomplishing their objectives (He et al. 2023; Youssef et al. 
2023). Despite their potential, the application of these taxes faces challenges, in particular their 
regressive nature, which disproportionately affects low-income households (Al-Rawi et al. 2023; 
Ullah et al. 2023; Ben Youssef and Dahmani 2024), necessitating equitable measures such as subsidies 
or tax credits to ensure social equity. In addition, the phenomenon of carbon leakage, where stringent 
environmental taxes may induce industries to relocate to regions with less stringent regulations 
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(Ahmed et al. 2022), underscores the importance of international cooperation in the area of 
environmental taxation. 

The double dividend hypothesis proposed by Pearce (1991) introduces a more nuanced 
perspective, suggesting that environmental taxes can provide dual benefits of environmental 
protection and employment growth. However, empirical research presents a mixed picture, 
indicating variability in the effectiveness of the hypothesis across the African continent, with different 
impacts on environmental degradation and employment (Mpofu 2022; Zhang et al. 2022; Degirmenci 
and Aydin 2023). 

Furthermore, environmental taxes are instrumental in facilitating the transition to a greener 
economy by providing incentives for both businesses and consumers to adopt cleaner technologies 
and sustainable practices. This shift could catalyze innovation in green technology sectors and drive 
sustainable economic progress. However, the influence of these taxes shows significant variation 
across different economic landscapes, highlighting the nuanced nature of their impact (Abel et al. 
2023; Farooq et al. 2023). Policy considerations, as highlighted by Tchapchet Tchouto et al. (2024), 
point to potential negative impacts of green tax regimes on the industrialization process in African 
contexts, advocating for a balanced and cautious approach to the implementation of environmental 
tax policies. Comparative analyses further call for the tailoring of environmental tax policies to the 
different conditions prevailing in African countries (Ambareen 2023; Nemavhidi and Jegede 2023). 

The success of environmental taxes in encouraging sustainable practices across a range of 
industries has been further illuminated by recent research. These studies highlight the strategic 
importance of environmental taxes in facilitating carbon sequestration, encouraging the adoption of 
renewable energy, promoting digital inclusion, and attracting foreign investment. Such fiscal 
strategies are closely aligned with the SDGs, particularly SDG 7 (clean energy) and SDG 13 (climate 
action), underscoring their role in advancing Africa towards these global goals (Bala and Khatoon 
2024; Iyke-Ofoedu et al. 2024; Ullah et al. 2024; Yiadom et al. 2024). This body of research advocates 
for policy frameworks that judiciously balance environmental, economic, and social considerations, 
and positions environmental taxes as critical tools in unraveling the intricate nexus between 
economic activity, urban development, and environmental quality. When applied strategically, these 
taxes can help steer Africa toward a sustainable future where environmental protection, economic 
growth, and social welfare are in harmony. 

2.3. Productive Capacities, Urbanization and Environmental Quality 

Sustainable development in Africa is a complex interweaving of productive capacities, 
urbanization, and environmental quality. The United Nations Conference on Trade and 
Development (UNCTAD 2021) identifies the synergy of human and natural resources, together with 
advances in energy, transport, and information and communication technologies (ICTs), as critical 
pillars for sustainable economic growth that is in harmony with the planet’s ecological balance. 

The central role of human capital is underscored by Adjei et al. (2023) and Jahanger et al. (2023), 
who note that improved education and skills can lead to greater environmental awareness and the 
adoption of sustainable behaviors. However, this increased knowledge can also lead to consumption 
patterns that strain natural resources, presenting a nuanced challenge in aligning educational 
progress with environmental sustainability. The importance of natural capital in ensuring sustainable 
economic growth is highlighted by Brandt et al. (2017) and Oluc et al. (2023), with the latter study 
illustrating the environmental impact of structural changes in middle-income countries. They argue 
for a delicate balance between economic expansion and the preservation of environmental quality, 
highlighting the trade-offs inherent in structural transformation efforts. 

The role of renewable energy in the transition of the energy sector is critical, as shown by Ahmad 
and Zhang (2020), Dahmani et al. (2021a), and Murshed et al. (2022), who emphasize the need to 
mitigate the environmental impacts of traditional energy sources. The evolution of the transportation 
sector towards sustainability is elaborated by Hasan et al. (2019), Li et al. (2021), and Alotaibi et al. 
(2022), pointing to the importance of sustainable mobility solutions in minimizing the environmental 
footprint of urban development. 
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The adoption of ICTs poses environmental challenges that require a balanced approach to their 
deployment and disposal (Chatti 2021; Dahmani 2021a, 2021b; Dahmani et al. 2021b, 2023; Youssef et 
al. 2021; Zeqiri et al. 2021; Awad 2022; Awad and Saadaoui Mallek 2023; Lin et al. 2023). This 
discussion is further enriched by Abba Yadou et al. (2024), who examine the nexus between 
remittances and ecological footprints in Africa, considering the mitigating role of ICTs. Their findings 
show that while ICTs can exacerbate environmental degradation through increased energy demand, 
they also offer opportunities to reduce the environmental impact of remittances by facilitating more 
sustainable consumption patterns. 

Effective governance and institutional strength are essential for steering economic activity 
toward environmental sustainability, with research by Awad (2022), Du et al. (2022), Hadj et al. 
(2023), and Sahoo et al. (2023) highlighting the role of policy and regulation in promoting sustainable 
practices. The involvement of the private sector in environmental quality, as discussed by Aldieri et 
al. (2020) and Demiral and Demiral (2023), illustrates both the opportunities and challenges of 
integrating sustainability into business operations. 

The significant impact of urbanization on environmental quality requires sustainable urban 
planning and infrastructure development to mitigate pollution, waste generation, and resource 
depletion (Li et al. 2021). Khan et al. (2023) and Balsalobre-Lorente et al. (2023) examine the 
environmental impacts of urbanization in sub-Saharan Africa and the potential for ICTs to enhance 
urban environmental sustainability, respectively. Awad et al. (2023) highlight the positive role of 
sustainable infrastructure in improving urban ecological footprints, in line with the SDGs, which 
focus on sustainable cities and communities (SDG 11) and responsible consumption and production 
(SDG 12). 

Adams and Kaffo Fotio’s (2024) findings on economic integration and environmental quality in 
Africa, Nkemgha et al.’s (2024) exploration of the environmental impacts of industrialization 
mitigated by policy stringency, and Uche and Ngepah’s (2024) examination of the influence of green 
technology and energy transition on South Africa’s load factor collectively underscore the 
multifaceted relationship between economic activities, policy interventions, and environmental 
sustainability. These nuanced perspectives underscore the need for integrated strategies that deftly 
navigate the complex terrain of economic development, environmental conservation, and social 
equity to chart a sustainable course for the future of Africa. 

2.4. Sustainable Development Goals, the Environmental Kuznets Curve and their Trade-Offs 

The complex relationship between the SDGs and the EKC provides a compelling lens through 
which examines the necessary equilibrium between economic progress, environmental conservation, 
and social equity in Africa. Central to this discussion is the EKC hypothesis, which posits an inverted 
U-shaped curve to describe the relationship between economic growth and environmental 
degradation. This hypothesis is critically analyzed by Wu et al. (2024), who interrogate the 
“sustainability trilemma” and challenge the conventional wisdom that economic prosperity, 
environmental integrity, and social equity can be achieved simultaneously. 

At the nexus of this debate is the strategic development of productive capacities with an 
emphasis on sustainability. Such progressive developments imply a potential shift in the traditional 
trajectory of the EKC by promising to provide environmental benefits at the outset of economic 
development. The work of Bouraima et al. (2024) and Akromah et al. (2024), which showcase the 
adoption of solar energy and mycelial composite technologies, is a testament to the alignment of 
economic endeavors with environmental sustainability. These initiatives advocate for a holistic 
approach to development that does not compromise environmental protection, as reflected in the 
SDGs, which focus on promoting sustainable urban environments (SDG 11) and encouraging mindful 
consumption and production (SDG 12). 

Within this inclusive framework, environmental taxes are emerging as critical tools for 
advancing sustainability. By incentivizing the transition to cleaner technologies and practices, these 
fiscal measures directly support the goals of SDG 7 (affordable and clean energy) and SDG 13 (climate 
action). Moreover, the innovative exploration of Eurobonds for climate action by Amankwa et al. 
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(2024) illustrates the seamless integration of financial mechanisms with environmental goals, thereby 
promoting decent work and economic growth (SDG 8). 

The discourse also highlights the significant environmental footprint of urbanization, 
underscoring the urgent need for sustainable urban planning and infrastructure. As urban areas 
expand, so do the challenges of pollution, waste management, and resource scarcity. The findings of 
Khan et al. (2023) and Balsalobre-Lorente et al. (2023) highlight the critical need for urban 
development strategies that not only address these environmental issues, but also strengthen 
community resilience, inclusiveness, and sustainability, in line with SDG 11. In addition, the link 
between remittances and ecological footprints, explored by Abba Yadou et al. (2024), highlights the 
critical role of ICTs in mitigating the environmental impacts of economic activities, thus providing 
viable pathways to poverty reduction (SDG 1) through greener practices. 

By weaving together these diverse strands of research, the narrative underscores the importance 
of recognizing and managing the trade-offs between economic growth, environmental protection, 
and social equity. It advocates the adoption of technological innovations, the application of 
sustainable financial models, and the implementation of environmentally conscious urban planning 
as key strategies for steering Africa toward a sustainable future. By embedding these strategies within 
the fabric of the SDGs, this comprehensive approach aims to seamlessly integrate economic 
development with environmental stewardship and social inclusivity, providing a nuanced blueprint 
for Africa's journey toward sustainable development. 

3. Data and Methodology 

3.1. Data Sources and Variables 

This study examines the interaction between environmental taxation, productive capacities, and 
environmental quality, focusing on twenty African countries from 2000 to 2021. The selection of 
countries - Botswana, Burkina Faso, Cabo Verde, Cameroon, Côte d’Ivoire, Egypt, Eswatini, Ghana, 
Kenya, Madagascar, Mali, Morocco, Niger, Uganda, Democratic Republic of Congo, Rwanda, 
Senegal, South Africa, Togo, and Tunisia - reflects the dual criteria of data availability for key 
variables and the determination of the time period based on this data availability. Key variables 
examined include per capita greenhouse gas emissions (GHG_PC), per capita gross domestic product 
(GDP_PC), and GDP_PC squared to evaluate the EKC hypothesis, as well as environmental tax 
revenue (ERTR), the Productive Capacities Index (PCI), and population density (PDENS). Data 
sources include the Organization for Economic Cooperation and Development (OECD 2023) and the 
United Nations Conference on Trade and Development (UNCTAD 2023). 

Table 1 highlights key indicators and shows that per capita GHG emissions average 3,621 metric 
tons of CO2 equivalent, ranging from 0.755 to 16.642 metric tons. This variance reflects the different 
levels of industrial development and commitment to environmental policy among the selected 
countries. GDP per capita, averaging US$4665318, reveals the economic heterogeneity within the 
group, with values ranging from US$587.06 to US$14828.29. This economic disparity underscores the 
importance of wealth and investment capacity in shaping the effectiveness of environmental policies. 
Environmental tax revenues, with an average of 1.125% of GDP and a range of 0.787, illustrate the 
varying intensity and application of environmental fiscal policies across the continent. The PCI, with 
an average of 32.075 and a range of 13.346 to 53.888, highlights the differences in technological 
progress and infrastructure. In addition, population density, with an average of 82,448 persons per 
km² and a range of 2.21 to 511.08 persons per km², underscores the challenges of urbanization and 
resource management, particularly in densely populated areas. This underscores the need for urban 
planning and mobility policies to reduce greenhouse gas emissions. 

The compilation of these data provides a solid basis for analyzing the complex relationships 
between economic growth, environmental fiscal policies, and environmental quality in the African 
context. It highlights the critical need for policies that are tailored to the unique conditions and 
challenges of each country. This targeted approach is essential for promoting effective environmental 
governance and sustainable development across the continent and provides stakeholders and 
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policymakers with a detailed roadmap for harmonizing economic, environmental, and social 
objectives in a sustainable and coherent manner. 

Table 1. Variable definitions and descriptive statistics. 

Variable GHG GDP ERTR PCI PDENS 

Definition 

Greenhouse gas 
emissions per capita 

(tons of carbon 
dioxide equivalent) 

Gross domestic 
product per capita 

(constant 2015 US$)  

Environmentally 
related tax revenue 

(% of the GDP) 

Productive 
capacities index 

Population 
density (people 

per sq. km of land 
area) 

Source OECD OECD OECD UNCTAD OECD 
Obs. 440 440 440 440 440 
Mean 3.621 4665.318 1.125 32.075 82.448 

Std. dev. 2.858 3803.491 0.787 10.702 81.708 
Min 0.755 587.060 0.040 13.346 2.210 
Max 16.642 14828.290 4.140 53.888 511.080 

3.2. Methodological Framework and Analysis 

3.2.1. Model Specification and Theoretical Background 

Our methodological approach is grounded in environmental economics and draws on the EKC 
theory, which posits a nuanced relationship between economic development and environmental 
degradation. Originally introduced by Kuznets (1955) and further developed by Grossman and 
Krueger (1991), the EKC hypothesis suggests that the environmental impact of an economy follows 
a non-linear trajectory as it develops. In the early stages of economic growth, environmental 
degradation increases due to resource-intensive industrial activities and minimal environmental 
regulation. As a nation progresses economically, higher income levels facilitate the adoption of green 
technologies and stronger environmental policies, leading to a reduction in pollution (Panayotou 
1993; Andreoni and Levinson 2001; Dinda 2004; Stern 2004). 

To capture these dynamics, our model integrates GDP per capita and its square to capture the 
characteristic inverted U-shaped curve of the EKC. We also include environmental tax revenues, the 
productive capacities index (PCI), and population density as additional variables to examine their 
direct impact on per capita greenhouse gas (GHG) emissions. The equation formulating the model is 
as follows: 

2
0 1 2 3 4 5it it it it it it itGHG GDP GDP ERTR PCI PDENSβ β β β β β ε+= + + + + +  (1) 

This equation reflects the per capita greenhouse gas emissions ( )itGHG  for the country i  at 

the time t , where itGDP  and 2
itGDP  are the economic output and its square, and itERTR  is the 

environmental tax revenue, itPCI  is the productive capacities index, itPDENS  is population 

density, 0β  to 5β  are the coefficients to be estimated, and itε  is the error term. 
To facilitate empirical analysis, we linearize the model using natural logarithms, which allows 

the coefficients to be interpreted as elasticities. This linearized form, shown below, provides insight 
into how percentage changes in the independent variables influence percentage changes in GHG 
emissions: 

( ) ( ) ( ) ( )
( ) ( )

2
0 1 2 3

4 5

ln ln ln ln

ln ln
it it it it

it it it

GHG GDP GDP ERTR

PCI PDENS

β β β β

β β ε

= + + +

+ + +
 (2) 

This specification allows for a detailed examination of the potential EKC in the African context 
and the impact of environmental policies and productive capacities on environmental quality. The 
inclusion of environmental taxes reflects an examination of their effectiveness in reducing emissions, 
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while the PCI provides insight into how a country's productive capacities might affect its 
environmental footprint. The model seeks to contribute to the empirical understanding of how 
sustainable development strategies, in line with the Paris Agreement and the United Nations 2030 
Agenda for Sustainable Development, can be effectively implemented in different African economies. 

3.2.2. Selection and Justification of Econometric Models 

The choice of panel data models is central to our analysis, which examines the economic and 
environmental dynamics of twenty African countries over a twenty-two-year period. Given the 
structure of our data, with time periods (T) outnumbering units (N), the use of panel cointegration 
techniques emerges as a methodologically sound choice, adept at navigating the complexities of the 
extensive time series data inherent in our study. 

Within the spectrum of econometric models suitable for panel data analysis, we have a number 
of options, each designed to shed light on different aspects of our research questions. Static models, 
including fixed effects (FE) and random effects (RE), are particularly effective in dealing with 
unobserved heterogeneity, allowing the unique characteristics of each country to be considered. 
Conversely, when our focus shifts to the dynamic interplay of variables over time, models such as 
Vector Autoregression (VAR) and Vector Error Correction Model (VECM) become indispensable for 
their ability to elucidate the temporal dependencies and paths to equilibrium within the data. 

To further enhance our econometric toolkit, the Generalized Method of Moments (GMM) stands 
out for its ability to deal with potential specification errors or endogeneity through its innovative use 
of data moments for parameter estimation. In the context of cointegrated series, both Dynamic 
Ordinary Least Squares (DOLS) and Fully Modified Ordinary Least Squares (FMOLS) offer refined 
estimates of long-run relationships, while the Canonical Cointegration Regression (CCR) model 
provides adjustments for endogeneity and serial correlation, ensuring robust long-run analysis. 

For analysis that requires a nuanced understanding of both group-level homogeneities and 
individual-specific dynamics, the Pooled Mean Group (PMG), Mean Group (MG), and Dynamic 
Fixed Effect (DFE) estimators offer versatile approaches. These methods are adept at balancing the 
need for individual specificity with overarching trends across the dataset. In addition, the Driscoll 
and Kraay model’s resistance to cross-sectional dependence and its ability to provide consistent 
standard error estimates make it a valuable addition to ensure analytical robustness. 

However, the Autoregressive Distributed Lag (ARDL) model, as formulated by Pesaran et al. 
(2001), is chosen primarily for its ability to accommodate variables of mixed integration orders, thus 
facilitating a comprehensive examination of both the short-run dynamics and the long-run 
relationships among the variables under study. The applicability of this model to our relatively small 
sample size and its compatibility with the PMG, MG, and DFE methodologies underscore its utility 
in providing a nuanced examination of the economic and environmental interfaces within our 
dataset. Through the judicious application of these econometric models, our study seeks to uncover 
the intricate relationships between environmental taxes, productive capacities, and environmental 
quality in the context of African economies, paving the way for informed policy interventions and 
sustainable development strategies. The ARDL model, which is central to the analysis of the 
interactions in our study, is described as follows: 

1 1

p q

it i ij it j ik kit it
j k

Y Y Xα β γ−
= =

= + + +∑ ∑   (3) 

In this equation, itY  is the dependent variable for each country i  at time t , iα  is the 

individual-specific intercept, and ijβ  and ikγ  are the coefficients on the lagged dependent variable 

and the explanatory variable kitX , respectively. Here, p  and q  denote the number of lags for itY  

and each kitX , encapsulating the depth of historical influence on current observations, while it  
embodies the error term. 
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Extending the conceptual foundation laid out in equation (2), our customized ARDL model 
refines and specifies the variables directly relevant to our investigative lens, as delineated within our 
theoretical framework. The refined model equation is thus expressed as follows: 

( ) ( ) ( ) ( ) ( )

( ) ( )

2
1 2 3 4

5
1 1

ln ln ln ln ln

ln ln

it i it it it it

p q

it ij it j ik kit it
j k

GHG GDP GDP ERTR PCI

PDENS GHG X

α β β β β

β φ θ−
= =

= + + + +

+ + + +∑ ∑ 
 (4) 

 In equation (4), the intercept iα  captures the country-specific constants that affect per 

capita GHG emissions. The coefficients, 1β  though 5β , quantify the impact of our economic and 
demographic variables, and are log-transformed to stabilize the variance and improve model 
interpretability. Specifically, 2β  is tasked with capturing the quadratic relationship indicative of the 

EKC hypothesis. The inclusion of lagged terms, ijφ  and ikθ , is crucial for incorporating the 

influence of past emissions and ancillary variables on current environmental outcomes, thereby 
embedding the temporal dynamics integral to our analysis. The error term, it , adheres to the 
assumption of a normal distribution and accounts for the unexplained variability in emissions across 
countries and time periods. 

Recognizing the substantial utility of the ARDL model in our analysis, as described in equation 
(3), leads us to consider its limitations in the context of first-generation econometric techniques. 
Originally groundbreaking, the conventional panel ARDL framework assumes cross-sectional 
independence across units, an assumption that may not hold in the face of global economic dynamics 
and common external shocks that may affect multiple countries simultaneously. This oversight risks 
introducing bias by neglecting cross-sectional dependencies, which are increasingly recognized as 
crucial for robust econometric analysis. 

To overcome these obstacles, second-generation econometric models offer refined 
methodologies that account for cross-sectional dependencies. Coakley et al. (2006) critically assess 
the ability of Pesaran et al.’s (1999) MG estimator to account for cross-sectional interdependencies, 
prompting the emergence of methodologies capable of effectively modeling these interrelationships. 
Pesaran (2006) introduces an augmented ARDL framework that incorporates a cross-sectional mean 
of observable variables to adequately represent unit correlations. 

This methodological enhancement, refined by Chudik and Pesaran (2015) and Everaert and De 
Groote (2016), introduces the Common Correlated Effects (CCE) approach, based on the assumption 
that integrating cross-sectional means into model estimations provides a consistent approximation of 
common factors. This advance allows for two different adaptations of the panel-adjusted ARDL 
model: the Cross-Section Augmented Distributed Lag (CS-DL) for longitudinal analyses and the 
Cross-Section Augmented Autoregressive Distributed Lag (CS-ARDL) model for comprehensive 
short- and long-term studies. Our analysis gravitates toward the CS-ARDL model, as proposed by 
Chudik et al. (2016), for its nuanced ability to incorporate an optimal lag structure while ensuring 
robust estimates amidst cross-sectional dependencies. 

Consequently, the CS-ARDL model selected for our empirical investigation enhances the 
traditional ARDL model by incorporating cross-sectional averages of all variables, thereby 
accounting for common factors that collectively affect the panel. The augmented model is expressed 
as follows: 

( ) ( )
1 1

p q

it i ij it j t j ik kit kt t i it
j k

Y Y Y X X Dα β γ δ µ− −
= =

= + − + − + + +∑ ∑   (5) 

Here, t jY −  and ktX  denote the cross-sectional averages of the dependent and independent 

variables, respectively, for each lag j  and k , thereby mitigating the influence of common trends 

across the panel. The coefficient δ  associated with the time fixed effects tD  and the term iµ  
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denoting the individual fixed effects encapsulate the unique characteristics of each country, while it  
describes the error term specific to the time observations for each unit. This methodological 
progression underscores our commitment to addressing the multifaceted dynamics of environmental 
sustainability in the African context by accounting for both the individual peculiarities of the 
countries studied and the overarching trends that affect them collectively. 

To further refine our econometric analysis, the incorporation of the Dynamic Common 
Correlated Effects Mean Group Estimator (DCCEMG) and Augmented Mean Group (AMG) models 
offers advanced perspectives on dealing with unobserved common factors in panel data. The 
DCCEMG model, introduced by Chudik and Pesaran (2015), embodies a sophisticated approach by 
assimilating lags of cross-sectional means. This inclusion allows for a comprehensive treatment of 
cross-sectional dependencies and slope heterogeneity, and accounts for potential structural breaks 
within the dataset. The model is written as follows: 

1 1 1 1

p q p q

it i ij it j ik kit j t j k kt i it
j k j k

Y Y X Y Xα φ θ λ γ µ− −
= = = =

= + + + + + +∑ ∑ ∑ ∑   (6) 

In this model, iα  represents the individual fixed effect identifying unique attributes of each 

unit, while ijφ  and ikθ  correspond to the coefficients on the lags of the dependent and explanatory 

variables, respectively. The terms jλ  and kγ  adjust for lagged cross-sectional averages, effectively 

controlling for the influence of unobserved common factors. iµ  denotes the individual-specific 

fixed effects, and it  is the idiosyncratic error term. 
In parallel, the Augmented Mean Group (AMG) model conceptualized by Eberhardt and Teal 

(2010) introduces a common dynamic effect tψ . This effect quantifies the overarching impact of 
unobserved common factors on the entire panel, thereby enriching the analysis with the ability to 
account for the dynamic interplay of global economic trends and structural changes. The AMG model 
is written as: 

1 1

p q

it i ij it j ik kit t t it
j k

Y Y X Cα β γ ψ−
= =

= + + + +∑ ∑   (7) 

Where iα  is the individual fixed effect, ijβ  and ikγ  are the coefficients on the lags of the 

dependent and explanatory variables, tψ  is the common dynamic effect that captures the average 

influence of unobserved factors, and tC  is the cross-sectional average used to model the common 

effects. We leave it  as the idiosyncratic error term. 
Adapting the methodologies embodied in the CS-ARDL, DCCEMG, and AMG models to our 

empirical analysis allows for a nuanced understanding of the interplay between environmental taxes, 
productive capacities, and environmental quality across twenty African countries. These adapted 
models, which are precisely tailored to the variables of our study, provide a multifaceted approach 
to accounting for the cross-sectional dependencies and heterogeneities inherent in our panel data. 

The CS-ARDL model refines the traditional ARDL approach by incorporating cross-sectional 
averages of all variables, thereby controlling for unobserved common factors that potentially affect 
all countries in the panel. This adjustment is expressed as: 

( ) ( ) ( )( ) ( )
1 1

ln ln ln
p q

it i ij it j t j ik kit kt
j k

t i it

GHG GHG GHG X X

D

α β γ

δ µ

− −
= =

= + − + −

+ + +

∑ ∑


 (8) 
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where ( )ln itGHG  is the natural log of per capita GHG emissions for country i  at time t , iα  

captures individual fixed effects, ijβ  and ikγ  are coefficients of the lagged dependent and 

explanatory variables respectively, adjusted for cross-sectional averages, and it  is the error term.  
The DCCEMG model further controls for cross-sectional dependencies and slope heterogeneity 

by including lags of cross-sectional averages. Its formulation is: 

( ) ( ) ( )
1 1 1

1

ln ln ln
t j

p q p

it i ij it j ik kit j
j k j

q

k kt i it
k

GHG GHG X GHG

X

α φ θ λ

γ µ

−−
= = =

=

= + + +

+ + +

∑ ∑ ∑

∑ 

 (9) 

Here ijφ  and ikθ  are coefficients for the lags of the dependent and explanatory variables, 

respectively, jλ  and kγ  account for the lagged cross-sectional average effects, and iµ  is the 

individual fixed effect. 
The AMG model introduces a common dynamic effect, tψ , which reflects the average impact 

of unobserved common factors on all units in the panel: 

( ) ( )
1 1

ln ln
p q

it i ij it j ik kit t t it
j k

GHG GHG X Cα β γ ψ−
= =

= + + + +∑ ∑   (10) 

where tC  represents the contemporaneous effect of common factors, providing a unique 
perspective on the interconnectedness of economies and structural variation within panel data. 

Incorporating these advanced econometric models into our analysis enhances our ability to 
navigate the complex dynamics at play, ensuring a robust examination of the effects of environmental 
policies and productive capacities on environmental quality. Through these advanced econometric 
strategies, our study delves into the multifaceted relationships between economic development, 
environmental protection, and sustainability goals in the African context. This comprehensive 
approach, detailed through equations and variable descriptions, strengthens the empirical 
foundation of our research and provides insights into policy formulation and the pursuit of 
sustainable development across the continent. 

3.3. Estimation Techniques and Preliminary Tests 

3.3.1. Cross-Sectional Dependence Tests 

In line with panel data analysis, O’Connell (1998), Pesaran (2004), Baltagi (2015), and Pesaran 
and Xie (2021) have highlighted the prevalence of cross-sectional dependence (CSD). This 
phenomenon is characterized by correlated residuals across different units in a panel and can be 
caused by common economic shocks, shared unobserved characteristics, regional and 
macroeconomic interdependencies, or unobserved externalities. Detecting and correcting for CSD is 
crucial, as its omission can lead to errors in unit root tests and thus to inaccurate conclusions about 
economic dynamics. 

To detect the presence of CSD in our panel of African data, we use the CD test of Pesaran (2015, 
2021) and the CDw+ test of Fan et al. (2015). These tools are fundamental for detecting the complexity 
of interactions between the economies under study, and for ensuring that subsequent econometric 
techniques are well suited to the data structure. 

The formula for the CD test of Pesaran (2015, 2021) is as follows: 

 
( )

1

1 1

2CD
1

N N

ij
i j i

T
N N

ρ
−

= = +

=
− ∑ ∑  
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where T is the number of time observations, N is the number of units in the panel, and ijρ  is the 

correlation of the regression residuals between units i and j. 
The Fan et al. (2015) CDw+ test is formulated as: 

 
( ) ( ) ( )1 1

, ,
1 2 1 2 1

ln2 ˆ ˆ ˆ ˆ| |1 | | 2
1

T N i N i

w i i t j j t ij ij
t i j i j

N
CD w w

TN N T
ε ε ρ ρ

− −

+
= = = = =

 
 = + >
 −  

∑∑∑ ∑∑  

where ˆijρ  denotes the cross-sectional correlation estimator, iw  and jw  the individual-specific 

covariance weights, and ,î tε  and ,ˆ j tε  the vectors of idiosyncratic error terms. 

Running these tests ensures that the data structure is correctly understood, which is essential 
before proceeding to more advanced econometric analyses such as unit root tests and cointegration 
studies. 

The results of the cross-sectional dependence tests, CD and CDw+, shown in Table 2, indicate a 
high probability of economic shocks affecting one economy in the entire panel. This result refutes the 
hypothesis of cross-sectional independence in the residuals of all the variables studied, with a 
significance level of 1% for most variables, except for the variable LnERTR, which is significant only 
at the 10% level in the CD test. This trend suggests the importance of including cross-sectional 
correlation in any econometric analysis of panel data to ensure the accuracy and reliability of the 
estimates. Consequently, the application of second-generation unit root tests is recommended for the 
treatment of these panel data. 

Table 2. Cross-sectional dependence analysis results. 

Variables CD CDw+ 
GHG emissions per capita (LnGHG) 16.00*** 467.53*** 

GDP per capita (LnGDP) 47.41*** 710.54*** 
Squared GDP per capita (LnGDP2) 47.44*** 711.60*** 

Environmentally related tax revenue (LnERTR) 1.91* 339.78*** 
Productive Capacities Index (LnPCI) 56.36*** 774.59*** 

Population density (LnPDENS) 33.71*** 819.24*** 
Notes: The CD statistic is normally distributed under the null hypothesis of weak cross-section dependence. *** 
and * indicate the statistical significance level at 1% and 10%, respectively. 

3.3.2. Slope Homogeneity Tests 

After verifying the presence of CSD in our data panel, it is essential to continue our analysis by 
testing for slope homogeneity. This step is essential to determine whether the coefficients of the 
econometric models are consistent across the different units of our panel, which includes 20 African 
countries with different economic characteristics. Slope heterogeneity can significantly affect the 
reliability of estimation methods and econometric results, especially when using techniques that 
assume identical coefficients for all countries. 

To address this issue, the slope homogeneity test developed by Pesaran and Yamagata (2008) is 
used. This test assesses whether the slope coefficients are significantly different within the panel, 
which could indicate that each country has its own dynamics and responses to the independent 
variables. The delta ∆  and adjusted delta adj∆  statistics from this test are used to test the null 

hypothesis of slope homogeneity against the alternative of heterogeneity. The equations for these 
tests are as follows: 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 26 March 2024                   doi:10.20944/preprints202403.1627.v1



 13 

 

 

( )

1

1

2

2 1
1

adj

N S kN
k

N S kN
k T k

T

−

−

 −
∆ =  

 
 
 − ∆ =
 − −
 

+ 









 

where N  is the number of cross-sectional units, T  is the time dimension, and k  is the 

number of independent variables. The S  statistic is derived from the modified Swamy (1970) test, 
which assesses the homogeneity of slope coefficients across panel units. Bersvendsen and Ditzen 
(2021) highlight the robust performance of this test, especially in scenarios where the time dimension 
T  is larger than the number of cross-sectional units N . This aspect is important because it enhances 
the usefulness of the test in panels with longer time series. In addition, the ability of this test to 
account for residual CSD significantly strengthens the validity and reliability of the slope 
homogeneity estimates. 

Table 3 presents the results of the slope homogeneity test of Pesaran and Yamagata (2008). The 
values of the ∆  and adj∆  statistics indicate strong heterogeneity in the model. The results of our 

analysis lead us to reject the null hypothesis of slope homogeneity in favor of the alternative 
hypothesis of slope heterogeneity at the 1% significance level. This conclusion suggests that there is 
significant heterogeneity among the sampled African countries with respect to the variables 
analyzed. Consequently, it is necessary to apply heterogeneous panel techniques that allow for 
parameter variation between countries to account for this heterogeneity. 

Table 3. Slope homogeneity test (Pesaran and Yamagata, 2008). 

Slope Homogeneity Tests ∆  statistic P-value 

∆  test 13.934 0.000 

adj∆
 test 16.340 0.000 

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

3.3.3. Second-Generation Panel Unit Root Tests 

The third stage of our econometric analysis addresses the issue of non-stationarity in our panel 
data. The confirmed existence of CSD within our panel of African countries necessitates the use of 
second-generation unit root tests. These advanced methods are essential because neglecting CSD 
could potentially bias conclusions about the properties of the time series under study. Therefore, we 
opt for specific tests that provide a refined analysis that is consistent with the specificities of our panel 
and that, unlike first-generation tests, are able to account for CSD. 

To test for stationarity while accounting for CSD, we apply the Cross-sectionally Augmented 
Dickey-Fuller (CADF) test and the Cross-sectionally Augmented Im, Pesaran, and Shin (CIPS) test 
introduced by Pesaran (2007). These tests are specifically designed to address the challenges posed 
by the presence of cross-sectional dependencies and heterogeneity among the units in our panel, thus 
providing a robust and reliable analysis of data non-stationarity. The results of these tests will 
determine whether the variables in our study are integrated of order one, I(1), and consequently 
whether it is appropriate to proceed to cointegration analyses. 

The mathematical formulation of the CADF test is as follows: 

 , 1 1 1 , 1
0 1

p p

it i i i t i t ij t ij i t it
j j

Z Z Z Z Zφ ς σ σ λ ε− − − −
= =

∆ = + + + ∆ + ∆ +∑ ∑  
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In this equation, Δ represents the differencing operator, 1tZ −  and 1tZ −∆  denote the cross-
sectional averages of lagged levels and first differences, respectively, and ε is the error term. 

The CIPS statistics are then computed based on the individual CADF statistics for each panel 
unit. This is formalized as: 

 
1

1 n

i
i

CIPS CADF
N =

= ∑  

where T is the number of cross-sections and N is the sample size in terms of periods. 
The results of the CIPS and CADF tests, presented in Table 4, indicate that all the variables in 

the study are stationary and integrated of order one, I(1), after the first difference. This result leads 
us to examine the cointegration of the study variables using the Westerlund (2007) test. 

Table 4. Results of panel unit root tests. 

Variables 
Level 

 
First-difference 

Ordre 
Without trend With trend Without trend With trend 

Cross-Sectionally Augmented IPS (CIPS) 
LnGHG -2.370** -3.236*** 

 

-4.424*** -4.496*** I(1) 
LnGDP -2.307** -2.042 -3.901*** -4.278*** I(1) 
LnGDP2 -2.271** -2.048 -3.899*** -4.265*** I(1) 
LnERTR -1.917 -2.932*** -4.629*** -4.700*** I(0) 
LnPCI -2.192* -2.548 -4.464*** -4.662*** I(1) 

LnPDENS -2.043 -2.332 -3.780*** -4.100*** I(1) 
Cross-Sectionally Augmented Dicky-Fuller (CADF) 

LnGHG -1.831 -2.720** 

 

-3.738*** -3.965*** I(1) 
LnGDP -1.905 -1.861 -3.812*** -4.176*** I(1) 
LnGDP2 -1.984 -1.905 -2.703*** -2.872*** I(1) 
LnERTR -1.826 -2.838*** -4.708*** -4.723*** I(0) 
LnPCI -2.047* -2.430 -4.464*** -4.520*** I(1) 

LnPDENS -2.186* -2.538 -4.293*** -4.290*** I(1) 
Notes: The panel unit root test was performed under the null hypothesis that the variables are non-stationary 
and homogeneous. ***, ** and * indicate the level of statistical significance at 1%, 5% and 10%, respectively. 

Table 5 presents the results of the sequential test used to identify potential structural breaks in 
the time series, following the method developed by Ditzen et al. (2021). This method is particularly 
useful for detecting unexpected breaks or regime shifts, which are crucial for in-depth analysis of the 
data in the presence of CSD. 

The test statistics for each model, from F(1|0) to F(5|4), are consistently below Bai and Perron’s 
critical values for significance levels of 1%, 5%, and 10%, according to the values obtained in the 
sequential test. These results indicate that we cannot reject the null hypothesis that there are no 
structural breaks in our data. In other words, there is no statistical evidence of mean changes or 
regime shifts in the analyzed series. This suggests that the time series of our panel exhibit a certain 
stability over time, without major breaks that could affect the analysis of non-stationarity or long-run 
economic relationships. The absence of structural breaks allows us to continue using our econometric 
models without having to adjust for specific break points, thus simplifying the analysis and 
increasing the reliability of the results obtained. 
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Table 5. Sequential test for multiple breaks at unknown breakpoints. 

 Bai and Perron Critical Values 
  Test Statistic 1% Critical Value 5% Critical Value 10% Critical Value 

F(1|0) 4.19 6.09 4.66 4.03 
F(2|1) 3.86 6.59 5.24 4.64 
F(3|2) 3.78 6.92 5.61 4.99 
F(4|3) 2.71 7.33 5.87 5.23 
F(5|4) 1.54 7.49 6.05 5.45 

3.3.4. Cointegration Test 

In the fourth step of our econometric analysis, we apply the panel cointegration test of 
Westerlund (2007). This test is particularly suitable for our panel of data because it accounts for both 
slope heterogeneity and CSD, which are common problems in the analysis of complex and 
interdependent panel data. 

The specification of the Westerlund (2007) test is as follows: 

 ( )1 1
1 0

i ip p

it i t i it i it ij it j ij it j it
j j

y d y x y x eδ α β α δ γ− − − −
= =

′ ′∆ = + − + + ∆ +∑ ∑  

This equation allows the assessment of cointegration, accounting for the first differences of the 
dependent and independent variables, where ite  represents the error term. The test generates two 
types of statistics: group mean statistics (Gτ and Gα) and panel statistics (Pτ and Pα), which are used 
to test for cointegration across different cross-sectional units or the entire panel. 

These statistics are expressed for large samples as follows: 
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For small samples: 
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These tests are essential to confirm the existence of long-run relationships between the studied 
variables, even in the presence of individual non-stationarity. In the case of cointegration, we proceed 
with the analysis of short- and long-term relationships using second-generation models that consider 
the specificities of the time series in the face of common shocks and possible structural changes 
present in our sample of African countries. 

Table 6 presents the results of the cointegration tests of Westerlund (2007). These results clearly 
indicate the existence of at least one cointegration equation in our model. The statistically significant 
values of the four test statistics (Gτ, Gα, Pτ, and Pα) at the 1% threshold reject the null hypothesis of no 
cointegration relationship among the variables. These results suggest a long-run relationship 
between GHG emissions and factors such as economic growth, environmental tax revenues, the 
productive capacities index, and population density in the African countries in our panel. This 
confirmation allows us to proceed with the analysis of long-run elasticities using the CS-ARDL, 
AMG, and DCCEMG models. 

Table 6. The results from the Westerlund (2007) cointegration analysis. 

Statistic Value Z-value P-value 
Gτ -3.852 -9.358 0.000 
Gα -11.735 -2.810 0.003 
Pτ -17.561 -8.905 0.000 
Pα -12.524 -5.845 0.000 

Notes: The Gτ and Gα statistics assess cointegration for each individual cross-section, while the Pτ and Pα 
statistics evaluate panel cointegration when the null hypothesis of no cointegration is assumed. 
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4. Results and Discussion 

4.1. Analysis of Long Run and Short Run Relationships: CS-ARDL Model 

The CS-ARDL model used in our analysis elucidates the complex dynamics between economic 
growth, environmental policies and GHG emissions within the African continent, as shown in Table 
7. The model’s error correction term (ECT), with a coefficient of -0.666, illustrates the rapid ability of 
these economies to recalibrate toward equilibrium after perturbations, indicating a high degree of 
adaptability in the face of economic and environmental change. Moreover, a CD statistic of 0.94 
suggests minimal cross-sectional dependence, reinforcing the appropriateness of the model for our 
analysis. 

Examining the relationship between GDP per capita (LnGDP and its square, LnGDP2) and GHG 
emissions, we find support for the EKC hypothesis. Specifically, the short-run and long-run 
coefficients of LnGDP (0.868 and 0.645, respectively) juxtaposed with those of LnGDP2 (-0.047 and -
0.037, respectively) show an initial increase followed by a subsequent decrease in GHG emissions 
relative to economic growth. This pattern suggests that while early stages of economic development 
may increase emissions, crossing a certain income threshold encourages the adoption of cleaner 
technologies, thereby reducing emissions. 

Environmental tax revenues (LnERTR) reveal nuanced effects. In the short run, their impact is 
statistically insignificant (p-value = 0.129), but in the long run there is a marginal but negative 
coefficient of -0.041 at the 10% significance level. This is consistent with Pearce’s double dividend 
hypothesis, suggesting that environmental taxes can generate revenue for further economic 
development initiatives beyond emissions mitigation. 

In the African context, where the SDGs are increasingly guiding policy priorities, the long-term 
impact of environmental taxes points to potential progress towards these goals. Tax revenues, if 
strategically reinvested in sectors critical to sustainable development (e.g., green infrastructure, 
education, health), could support environmental sustainability (SDG 13) alongside inclusive and 
sustainable economic growth (SDG 8). 

The initial ineffectiveness of environmental taxes is due to the adjustment challenges within 
African economies. Consistent with the findings of Dogan et al. (2022) and Guo et al. (2022), 
entrenched consumption habits and development barriers may hinder rapid policy adaptation. 
Nevertheless, the gradual influence of environmental taxes over time is likely to spur sustainable 
investment and innovation in line with SDG goals. There is an urgent need to address barriers to the 
implementation of environmental taxes in Africa, particularly concerns related to equity and social 
justice (Al-Rawi et al. 2023) and the risk of carbon leakage (Ahmed et al. 2022). Overcoming these 
hurdles is critical to progress toward key SDGs, particularly those focused on poverty reduction (SDG 
1) and sustainable consumption and production patterns (SDG 12). 

Despite their initially muted impact, environmental taxes hold significant long-term promise for 
steering African countries toward a sustainable economic path. Viewed through the lens of the 
double dividend hypothesis and the SDGs, they offer a powerful mechanism for reconciling 
environmental protection with socioeconomic progress, provided they overcome initial hurdles and 
promote sustainable consumption and production practices. 

Examining the productive capacities index (LnPCI) across African countries reveals significant 
findings, with negative coefficients observed in both the short term (-0.135) and long term (-0.246). 
This suggests that improving overall productive capacities can contribute to reducing GHG 
emissions. While our analysis did not disaggregate the impact of individual components within the 
index, an implicit association suggests that advances in areas such as human capital, natural capital, 
energy, transportation, ICT, private sector, institutions, and structural change have the potential to 
significantly improve environmental quality and sustainability. 

Regarding human capital, the findings of Adjei et al. (2023) and Jahanger et al. (2023) highlight 
that the promotion of skills, education, and health could indirectly foster better natural resource 
management and increase environmental awareness, thereby nudging societal behaviors toward 
more sustainable practices. At the same time, nuanced natural resource management, highlighted by 
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Brandt et al. (2017) and Oluc et al. (2023), is proving to be crucial in reducing environmental impacts 
and promoting sustainability. In the energy domain, a key facet of the index, the focus on efficiency, 
underscored by Ahmad and Zhang (2020) and Murshed et al. (2022), plays a critical role in guiding 
sustainable economic development and presumably mitigating environmental harms. In addition, in 
the transportation sector, efforts towards energy efficiency and the adoption of less polluting 
technologies, as described by Hasan et al. (2019) and Alotaibi et al. (2022), are in line with the trends 
identified in our findings. ICTs also contribute to this ecosystem of productive capacities in a dualistic 
manner, increasing process efficiency and promoting smarter resource management. Despite their 
potential to escalate energy consumption, ICTs also drive the transition to a greener service economy, 
a development articulated by Chatti (2021), Awad (2022), and Awad and Saadaoui Mallek (2023). 

The effectiveness of institutional frameworks and the commitment of the private sector to 
sustainable practices are seen as essential. Robust institutional structures are essential for the 
adoption of effective environmental policies, while a conscientious private sector is crucial for 
integrating environmental considerations into its operational and investment decisions. Although the 
direct impacts of the PCI’s subcomponents have not been assessed individually, it’s plausible to infer 
that comprehensive improvements in these dimensions could significantly reduce GHG emissions in 
the African context. Such improvements represent strategic alignment with the Sustainable 
Development Goals (SDGs) and embody a holistic method for synchronizing economic expansion, 
enriched quality of life, and environmental protection. 

Examination of the impact of population density (LnPDENS) on environmental quality, 
represented by GHG emissions, reveals a nuanced relationship. Positive coefficients observed in both 
the short term (0.224) and long term (0.301) suggest that higher population density is correlated with 
increased GHG emissions, challenging the notion of a simple relationship between population 
density and environmental quality. This finding is consistent with Zarco-Periñán et al. (2021), who 
found an association between higher population density and increased CO2 emissions, particularly 
in urban areas. Similarly, Dimnwobi et al. (2021) highlighted the significant role of population growth 
and density in exacerbating environmental degradation across Africa. 

The relevance of these findings is further confirmed by research by Haouas et al. (2023) in the 
Middle East and North Africa region, which also showed that demographic factors contribute 
positively to CO2 emissions. Luqman et al. (2023) added depth to this discussion by directly linking 
urbanization to an increase in CO2 emissions, noting that the rapid escalation of emissions in 
developing urban areas reflects a global trend in which urbanization is a primary driver of increased 
emissions. In contrast, Kostakis et al. (2023) presented evidence suggesting that higher population 
density in certain contexts could lead to reductions in CO2 emissions, contrary to the general trend 
observed in our analysis. This discrepancy underscores the complex dynamics unique to the African 
continent and highlights the intricate relationship between population density and environmental 
impact. This complexity calls for careful consideration of the multiple factors at play, including urban 
planning, technology adoption, and policy frameworks, in addressing the environmental challenges 
associated with increasing population density. 
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Table 7. CS-ARDL panel data estimation results. 

 Coefficient Std. Err. Z-statistics P-value 
Short-run results 

ECT (-1) -0.666 0.077 -8.63 0.000 
LnGDP 0.868 0.194 -6.85 0.000 

LnGDP2 -0.047 0.022 -4.46 0.000 
LnERTR -0.016 0.028 -1.52 0.129 
LnPCI -0.135 0.079 -2.01    0.045 

LnPDENS 0.224 0.192 -2.60 0.009 
Long-run results 

LnGDP 0.645 0.145 9.13 0.000 
LnGDP2 -0.037 0.015 -6.51  0.000 
LnERTR -0.041 0.027 -1.80 0.071 
LnPCI -0.246 0.144 -2.06 0.039 

LnPDENS 0.301 0.268 2.72 0.007 
CD Statistic 0.94   0.347 

Notes: The CD statistic test is standard normally distributed under the null of hypothesis of weak cross-sectional 
dependence. 

4.2. Results Robustness: DCCEMG and AMG Estimators 

The robustness checks using the DCCEMG and AMG estimators of the long-run relationships 
between economic growth, environmental policies, and GHG emissions across African countries 
confirm the initial findings from the CS-ARDL model analysis. Table 8, supported by the CD statistic 
from the DCCEMG model indicating low cross-sectional dependence, strengthens the reliability of 
our results. 

The observed coefficients for LnGDP and LnGDP2 in both the DCCEMG (0.916 and -0.037) and 
AMG (0.774 and -0.018) models support the EKC hypothesis, showing an inverted U-shaped 
relationship between economic growth and GHG emissions. The effects of LnERTR, with coefficients 
of -0.051 in DCCEMG and -0.067 in AMG, indicate a negative impact of environmental taxes on 
emissions, which is more pronounced in the AMG model results. This indicates the importance of 
designing environmental fiscal policies that are effectively tailored to the specific needs and contexts 
of African countries to ensure emission reductions. 

The analysis also reveals positive coefficients for population density (LnPDENS) of 0.260 in 
DCCEMG and 0.216 in AMG, highlighting the role of urbanization in increasing GHG emissions. 
This underscores the critical need for effective urban management and planning to address emissions 
challenges in the growing cities of African countries. 

These findings from the DCCEMG and AMG estimates highlight the complex relationships 
between economic development, environmental policies, urbanization and GHG emissions. They 
highlight the need for integrated strategies, in line with the Sustainable Development Goals (SDGs), 
to effectively manage GHG emissions while promoting sustainable development in African 
countries. 
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Table 8. DCCEMG and AMG panel data long-run estimation results. 

 DCCEMG AMG 
Variables Coefficients Standard Error Coefficients Standard Error 
LnGDP 0.916*** 0.220 0.774*** 0.214 

LnGDP2 -0.037*** 0.023 -0.018*** 0.015 
LnERTR -0.051** 0.030 -0.067* 0.032 
LnPCI -0.195** 0.184 -0.152** 0.065 

LnPDENS 0.260*** 0.196 0.216*** 0.180 
CD Statistic 1.05 (0.293) 

Notes: The CD statistic test is standard normally distributed under the null hypothesis of weak cross-sectional 
dependence. The value in parentheses for the CD statistic is the p-value. ***, ** and * indicate the statistical 
significance level at 1%, 5% and 10%, respectively. 

4.3. Policy Implications and Strategic Recommendations 

Achieving sustainable development across the African continent requires a comprehensive 
understanding of its diverse economic environments, environmental challenges, and social 
structures. It is therefore essential that strategic recommendations are carefully tailored to ensure that 
economic progress is in harmony with environmental protection and social inclusion. 

For industrial heavyweights such as South Africa and Egypt, with significant greenhouse gas 
emissions, an urgent shift to green manufacturing and increased use of renewable energy is critical. 
The foundation of this shift lies in the strategic implementation of green taxes to incentivize industries 
to transition to sustainable production practices. 

In countries experiencing rapid urbanization, including Kenya and Nigeria, the importance of 
sustainable urban planning cannot be overstated. Strategies must prioritize the development of green 
public transportation systems, the creation of urban green spaces, and the advancement of waste 
management practices. These steps are critical to reducing the ecological impact of urban growth and 
ensuring the sustainability of environmental health. 

Agriculture-based economies, particularly Ghana and Côte d’Ivoire, stand to benefit immensely 
from the promotion of sustainable agricultural practices. The adoption of climate-smart agricultural 
techniques and measures to prevent deforestation will help achieve both environmental 
sustainability and agricultural productivity. 

Rwanda’s progress in digital transformation provides a unique opportunity to leverage 
technology to promote environmental sustainability. The use of ICTs to optimize energy 
management and promote smart agriculture demonstrates the potential of digital innovation to 
contribute to environmental protection. 

Central to these strategic recommendations for all African countries is the development and 
application of environmental fiscal policies, with a particular focus on fine-tuning carbon taxes. These 
policies must be carefully designed to minimize the burden on low-income households, while 
ensuring that the revenues generated are reinvested in projects that promote sustainable 
development. Furthermore, investments in clean technologies in various sectors, including industry 
and transport, are essential for a smooth transition to a low-carbon economy. 

Building productive capacities through education, research and innovation is another critical 
component of this approach. By cultivating a workforce capable of leading and supporting green and 
digital transformations, African countries can lay the foundation for a future that balances economic 
growth with environmental protection. 

Addressing the challenges of rapid urbanization requires a focus on sustainable infrastructure 
development. Regional and international cooperation is also essential to share knowledge, align 
environmental policies, and secure financial support for sustainable development and climate change 
initiatives. 

Integrating the SDGs into national policy frameworks is a critical step to ensure that economic, 
social, and environmental goals are pursued simultaneously. This approach aims to create policy 
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synergies that address the needs of vulnerable populations while promoting sustainable economic 
opportunities. 

By adopting a holistic and integrated strategy that encompasses environmental, economic, and 
digital transformations, African countries can navigate towards a future where development is 
economically viable, socially inclusive, and environmentally sustainable. This adaptive strategy, 
tailored to the unique challenges and opportunities of different African countries, underscores the 
continent’s potential to achieve significant milestones in sustainable development and sets a 
precedent for balanced and inclusive growth in the face of global environmental challenges. 

5. Concluding Remarks and Strategic Outlook  

5.1. Conclusions 

This research explores the complex relationships between environmental fiscal policies, the 
enhancement of productive capacities, and their impact on environmental quality in the African 
context. The analysis shows that environmental taxes, particularly carbon taxes, are effective in 
reducing greenhouse gas emissions, although their success depends on careful implementation and 
adaptation to the unique circumstances of different African countries. This underscores the need for 
policies that are both environmentally beneficial and supportive of economic growth. 

The paper also highlights that improving productive capacities through innovation and 
technology plays an important role in improving environmental quality. This points to the 
importance of integrating sustainability into development strategies to ensure that economic growth 
does not come at the expense of environmental degradation. 

Urbanization is identified as an important factor, with results showing that areas with high 
population density tend to have higher levels of GHG emissions. This suggests the need to implement 
urban planning and transport policies that promote sustainability and minimize the environmental 
impact of urban growth. 

The research highlights the complex challenges that African countries face in achieving 
sustainable development. It calls for integrated approaches that consider the economic, social, and 
environmental impacts of policies. It also identifies the critical role of collaboration between 
governments, the private sector, international organizations, and civil society in moving towards 
more sustainable and resilient economies. 

5.2. Limitations and Future Recommendations 

While providing valuable insights, this study has certain limitations due to its reliance on 
secondary data, which may limit the depth of temporal and spatial analysis and affect the 
generalizability of the findings across Africa’s diverse landscape. The use of the aggregated 
productive capacities index (PCI) may mask the differential impact of its components on 
environmental sustainability. 

Future research should aim to disaggregate the PCI to understand the specific impacts of its 
components on environmental quality. Longitudinal studies with detailed, country-specific data 
could improve our understanding of how economic-environmental dynamics evolve over time. 
Examining the role of institutional and socioeconomic factors in the effectiveness of environmental 
fiscal policies could provide deeper insights into how to optimize policies for different African 
contexts. 

Expanding the scope of the model to include variables related to technological innovation, green 
investment, and societal behavior could provide a more comprehensive view of sustainable 
development pathways. Continuing this research will not only address the identified gaps but will 
also contribute to the discourse on sustainable development and provide practical insights for policy 
development and implementation across Africa. 
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