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Appendix A
A1l. Theoretical foundations of Environmental Kuznets
Curve analysis: A synthetic literature review

A.1.1. Theoretical basis of the Environmental Kuznets Curve
analyses

The economic process involves human activity that requires the consump-
tion of resources. According to the classical view, any economic process must
use resources such as labour, capital, and technology to produce goods and
services (Krugman & Wells, 2018). During the emergence of classical econom-
ics, environmental protection was not a significant concern compared to issues
such as industrial development, urbanisation, and technological advancement.
However, basic economic theories played a crucial role in shaping the current
discourse on the subject and laid the foundations for subsequent models.

Adam Smith (1776/2015) argues that natural resources are crucial for
economic development as they provide raw materials for the production of
goods and services and determine the possibilities for agricultural and other
economic growth. He also notes that population growth and economic ex-
pansion lead to increased consumption, so it is important to use resources
rationally based on the free market.
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David Ricardo did not address resource conservation and the environment
directly. However, his work (1929) provides insight into his views on resource
use, particularly in terms of land rent. The problems identified by Ricardo,
such as the impact of excessive population growth on the depletion of nat-
ural resources, are important. These problems also serve as the foundation
for later considerations in the field of environmental economics. Also, the en-
vironmental impact of natural resource use can be analysed using the land
rent theory he formulated (Czyzewski & Matuszczak, 2016).

John Maynard Keynes, the founder of Keynesianism, did not directly ad-
dress environmental issues and their relationship with the economy in his most
important work (Keynes, 1936). However, his general conception of the gov-
ernment’s role in the economy later found application in the ideas of Green
Keynesianism, which argues that the state should intervene in the economy
to stimulate economic growth while simultaneously limiting environmental
degradation (Goldstein & Tyfield, 2018). Also, state interventionism itself in
later years, in many countries will take environmental directions, and some
authors such as Heyes (2000) and Sim (2006) will attempt to incorporate en-
vironmental constraints into a Keynesian macroeconomic framework.

Neoclassical economists have also highlighted the link between human
economic activity and the depletion of natural resources. Arthur Pigou (2017)
was one of the first economists to emphasise the importance of internalising
external costs for the efficient allocation of resources. This concept suggests
that economic actors should bear the full social costs of their actions, includ-
ing environmental costs. Ronald Coase argues that pollution is an external
cost problem, meaning that costs are borne by third parties who are not in-
volved in the activity in question. To address this issue, Coase (1960) suggests
negotiating between parties instead of relying on government intervention.

Kenneth Arrow (1969) introduced the concept of externalities into econom-
ic theory in 1969, demonstrating how they can lead to market inefficiencies.
He suggests that government intervention may be necessary to solve these
problems. Additionally, Arrow’s research highlights the relationship between
economic development and environmental effects, indicating that economic
policy often overlooks the environment and assumes that economic growth
is beneficial. Arrow et al. (1996) proposed that the limits of economic growth
are due to the limited capacity of ecosystems to regenerate

Paul Davidson (1963), a post-Keynesian economist, is considered a pio-
neer of modern environmental economics. He integrated theoretical and
empirical aspects of economic development and environmental concerns
into economic science. Furthermore, he developed essential techniques for
evaluating non-market goods, which are now commonly used in environ-
mental economics (Holt et al., 1998). Another important economist, William
Nordhaus (1993) proposes solutions to address climate change through glob-
al negotiations and CO, charges. However, he also criticises the high costs
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associated with combating global warming, which can negatively impact
economic growth.

Nicholas Stern (2008) addressed the issue of the negative impact of CO,
emissions on the economy in his work. He suggested that dedicating 1% of the
world’s GDP to preventing the negative effects of climate change is necessary,
otherwise it could reduce global GDP by 20%. Stern argues that the market
economy and countermeasures are most threatened by global warming and
CO, emissions. To minimise the economic and social problems of pollution,
he suggests implementing environmental taxes.

Robert Solow (1974) made a contribution to the field of the relationship
between economy, resources, and environmental protection. He analysed the
problem of natural resource depletion and proposed solutions in the form of
substitution and conservation. Additionally, Solow contributed to research
on the concept of sustainable development policy and its impact on the eco-
nomic sphere (Solow, 1993). Based on Solow’s model, Brock and Taylor (2010)
developed the so-called Solow Green model, in which, taking into account
environmental pollution, they examined the impact of technological progress
on reducing CO, emissions.

Paul Krugman (2016) advocates for a transition towards a green economy
through market mechanisms, aiming to minimise the economic impact. He
proposes market-based tools, such as cap-and-trade systems, which involve
setting a limit on greenhouse gas emissions (cap) and allowing companies to
trade emission rights (trade) within that limit. According to Krugman, cap-and-
trade is an effective way to reduce emissions because it introduces market
mechanisms that incentivize companies to reduce emissions at minimal costs.

Robert Pollin (2008) proposes an economic recovery programme that
promotes job creation in the green sector, accelerates the transition to-
wards a low-carbon economy, and maintains economic growth. In contrast,
Mariana Mazzucato (2011) analyses the role of the state as an active partic-
ipant in the innovation process. In the context of environmental protection,
emphasises the significance of government investment in research and de-
velopment of green technologies and regulations that encourage sustainable
development.

Simon Kuznets (1955) had a significant influence on the study of the rela-
tionship between economic growth and income inequality. His research dis-
covered that income inequality may initially increase with economic growth
but will eventually decrease when economic growth reaches a certain level.
This relationship is known as the Kuznets curve and has been adapted to broad
economic research as the Environmental Kuznets Curve. The EKC demonstrates
the relationship between economic growth and environmental pollution. This
model, which is still the foundation of theoretical and empirical research in
the field of environmental pollution and economic growth today, owes much
to the pioneering work of (Grossman & Krueger, 1991).



Economics and Business Review, Vol. 11 (5), 2025

The presented considerations lead to the conclusion that environmental
aspects are present in all strands of economics. Classical and neoclassical
economists emphasize that the free market and competition can lead to an
efficient allocation of resources, including natural resources and energy. They
also highlight externalities as a significant problem that can lead to the ineffi-
cient use of environmental resources. Therefore, they advocate for the costs
of environmental destruction to be passed on to economic agents. However,
it is crucial to construct these actions in a way that balances economic bene-
fits and environmental costs. At the same time, classical economists see the
reduction of CO, emissions because of technological progress and innovation,
especially in the field of energy production. According to the principles of clas-
sical economics, taking care of the environment should not worsen economic
growth or society’s income. Technology provides the opportunity to protect
the environment without negative impacts on the economy.

Proponents of the interventionist trend believe in the role of the State
as an institution that formulates and implements environmental policy.
They also emphasise the role of public investment in steering the econo-
my towards sustainable development. Some economists who support this
trend advocate radical solutions, even if they require an increase in debt
and taxation. Importantly, the interventionist currents see an opportunity in
these measures to stimulate the development of new sectors of the econ-
omy. This is expected to offer the possibility of circumventing the limits to
economic growth imposed by environmental constraints in the long term.
In accordance with these currents, global action is necessary to avoid the
transfer of pollution.

The above concepts outline the problems of environmental economics as
an interdisciplinary science that seeks to explain economic phenomena and
processes while considering environmental issues. The field has a wide range
of analytical, statistical, and econometric instruments to verify theories and
hypotheses. The concept of sustainable growth remains central, ensuring
that the needs of the current generation are met without jeopardising the
ability of future generations to meet their own needs (Pearce et al., 1994).
Summarising the main directions of economic thought on the relationship
between environmental stewardship and the economy, we can identify four
main research areas:

— Sustainable Development: Exploring how to combine economic growth
with care for the environment and natural resources.

— Efficient Resource Allocation: Studying the optimal use of available resourc-
es, including energy, to preserve them for future generations.

— Technological Progress and Innovation: Enabling the creation of more ef-
ficient and eco-friendly production processes and developing alternative
energy sources, such as renewable energy.



B. Suprorn, Suplemetary materials

— Environmental Economic Modelling: Applying modern econometric mod-
els to analyse the impact of economic activity on the environment and
seeking ways to achieve economic growth with minimal ecosystem impact.

A.1.2. Main directions of economics, economic growth
and environmental pollution

The analysis of economic growth under constraints of limited resources
highlights the complexities that policymakers and economists face in achiev-
ing sustainable development. This challenge becomes even more pronounced
when considering the pressing issue of climate change, which, as demonstrat-
ed by numerous scientific studies, is inextricably linked to environmental deg-
radation caused by excessive CO, emissions. Since the Industrial Revolution,
the rapid rise in atmospheric CO,—driven by fossil fuel consumption and
deforestation—has led to significant environmental and economic conse-
guences, underlining the need for integrating environmental concerns into
economic policies.

According to most scientific studies, climate change is directly caused by
environmental pollution resulting from excessive greenhouse gas emissions,
particularly CO,, since the Industrial Revolution. Atmospheric CO; levels have
increased by an estimated 26% since that time, mainly due to the burning
of fossil fuels and deforestation (Yoro & Daramola, 2020). Global warming is
thus a consequence of economic development and increased production and
income and cannot be considered separately from economic issues. However,
awareness of this link was minimal until 1960, when Charles Keeling’s work
brought wider scientific attention to the problem (Franta, 2018).

Subsequent analyses of the relationship between global warming and the
economy have led to a wealth of scientific publications. The development of
the EKC and advancements in econometric modelling have provided valuable
insights into the relationship between CO, emissions and economic growth.
Currently, there are three main research streams utilising the EKC:

— General Relationship Between CO, Emissions and Economic Growth: This
stream focuses on the broad links between CO, emissions and economic
growth, aligning with issues of sustainable development (Lazar et al., 2019).

— Energy Consumption and Economic Growth: Researchers concentrate on
how energy consumption during economic growth contributes to green-
house gas emissions, fitting into concepts of resource allocation and the
depletion of natural resources like fossil fuels (Khan et al., 2019).

— Impact of Renewable Energy and Innovations: This area examines how
renewable energy sources and technological innovations affect environ-
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mental pollution and economic growth, relating to the use of technologi-
cal progress to improve environmental quality while stimulating the econ-
omy (Abid et al., 2022).

The EKC was introduced by Panayotou (1993), who hypothesised an in-
verted U-shaped relationship between economic growth and environmen-
tal pollution. This concept led to the abandonment of earlier linear theories
suggesting that halting economic growth was necessary to protect the envi-
ronment (Malenbaum, 1978). The EKC has significantly influenced economic
research and environmental policy. Initially, it posited that pollution increases
during early economic growth but decreases after surpassing a certain income
threshold—the turning point—where further growth leads to environmental
improvement (Dinda, 2004). While the hypothesis is logical and scientifically
appealing, numerous studies have shown that these relationships do not al-
ways follow the theoretical pattern.

In 1993, empirical data for NAFTA countries first confirmed the inverted
U-shaped relationship between economic growth and environmental pollu-
tion (Grossman & Krueger, 1991). Since then, the number of studies on this
topic has grown rapidly, supported by advancements in statistical and econo-
metric methods. Leal and Marques (2022) identified over 200 scientific arti-
cles from 1998 to 2022 addressing this research area. The EKC has evolved to
include several variants influenced mainly by the elasticity of GDP concern-
ing environmental pollution, leading some researchers to identify U-shaped,
N-shaped, and inverted N-shaped curves.

Global studies using panel data have indicated mixed EKC patterns. Halkos
(2011) found both U-shaped and N-shaped curves on a global scale. X. Li and
Lin (2013), analysing data from 110 countries between 1971 and 2008, ob-
served that per capita CO, emissions in high-income countries remain stable
as incomes rise. They also noted convergent relationships between per capi-
ta CO, emissions and GDP per capita in countries with similar income levels.
This finding contradicts the EKC hypothesis, which suggests that CO, emissions
decrease after income exceeds the turning point. Additionally, they found
that a 1% increase in per capita GDP leads to a global increase of 0.02% in
per capita CO, emissions.

Al-Mulali, Weng-Wai et al. (2015) examined 93 countries using the
Generalised Method of Moments (GMM) and confirmed the inverted U-shaped
relationship between environmental pollution and GDP growth in high-income
countries. However, this relationship was not evident in low-income countries.
The turning point appears only at a stage of economic development where
technologies that improve energy efficiency and generate renewable energy
are accessible. Due to high costs, these technologies are often unavailable
to low-income countries, resulting in continued increases in CO, emissions.
Shahbaz et al. (2015) reported similar findings in a global study of 99 coun-
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tries from 1975 to 2015. According to Sarkodie and Strezov (2019a), the EKC
takes an inverted U shape, with the turning point at an average GDP per cap-
ita of USD 8,910. Low- and middle-income countries fall below this income
threshold, while high-income countries are above it. A recent panel study by
Favero et al. (2022) covering 187 countries from 1800 to 2016 confirms signif-
icant inequality in per capita CO, emissions among countries, linked to une-
qual GDP per capita distribution. The authors indicate that, in the long term,
the EKC takes an N shape.

However, the limitations of the EKC framework and the continued envi-
ronmental degradation observed in many economies have led some scholars
to question whether economic growth can truly be decoupled from environ-
mental harm. Alternative approaches, such as degrowth and post-growth,
argue that continuous GDP expansion is neither necessary nor desirable to
achieve societal well-being (Hickel & Kallis, 2020; Kallis et al., 2018). These
perspectives propose reducing resource consumption, restructuring econo-
mies towards social and ecological sustainability, and prioritising well-being
over economic output. Proponents of degrowth emphasise that instead of
relying on technological progress to mitigate environmental damage, econ-
omies should transition towards lower production and consumption levels
while ensuring equity and high quality of life through redistribution and pub-
lic services (Latouche, 2009).

A.1.3. Factors influencing the course of the EKC curve

There is no consensus in the literature regarding the factors influencing
the shape of the EKC. Researchers employ various methods, variables, and
polynomial forms, and the associated theory is continually evolving. Kaika
and Zervas (2013) suggest that income distribution and democratic standards
affect the EKC’s shape. As civil society develops and wealth and living stand-
ards improve, citizens exert more pressure to reduce environmental pollution
(Joshi & Beck, 2018). However, Usman et al., (2019) find that while democra-
cy’s impact on limiting environmental degradation is statistically significant in
the short term, it is weak and insignificant in the long run. This may be due
to shifts in political priorities affecting economic and environmental policies.

Technological progress is another key factor determining the EKC’s shape.
The scale effect refers to how economic growth increases CO, emissions, par-
ticularly in less developed countries where rapid growth takes precedence
over environmental protection (Udeagha & Ngepah, 2024). This is accompa-
nied by the ‘composition effect’, where developing economies focus on in-
tensive industrial development based on fossil fuels and heavy exploitation of
energy resources (Beyene & Youssef, 2023). Weaker environmental policies in
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these countries often attract high-energy, high-emission industries (Sarkodie
& Strezov, 2018). As incomes rise and citizens demand lower levels of environ-
mental pollution, this necessitates the implementation of increasingly strin-
gent regulations. To adapt to these new regulations, companies must employ
more advanced technology, accelerating technological progress. In the liter-
ature, this phenomenon is called the “technology effect” and is the final el-
ement that determines the U-shaped EKC (Htike et al., 2022). Mitigating the
composition effect and reducing pollution alongside economic growth can be
achieved through energy transformation driven by technological advances.
Policies that increase the supply of renewable energy and promote energy-ef-
ficient solutions enable countries to combat global warming while boosting
GDP (Bilgili et al., 2016).

International trade and globalisation significantly influence the EKC. Uneven
environmental regulations can lead companies to relocate polluting industries
to countries with laxer standards—typically lower-income nations prioritising
economic growth and investment over environmental concerns. This phe-
nomenon is known as the Pollution Haven Hypothesis (Bashir, 2022; Sarkodie
& Strezov, 2019b). Studies indicate that the EKC often exhibits an inverted U
shape. Wealthier countries tend to outsource energy-intensive and polluting
industries to developing nations. While this shift contributes to GDP growth
in the recipient countries, it also leads to increased environmental pollution
as their economies expand (Mustafa et al., 2024).

Some researchers explain the N-shaped EKC by noting that environmental
degradation intensifies during early development stages but improves rap-
idly after reaching a certain wealth level. However, as economies attain very
high income levels, degradation may rise again due to factors like increased
consumption, industrialisation, urbanisation, and resource extraction (Numan
et al., 2022). Balsalobre-Lorente et al. (2017) attribute the N shape to a lack
of innovation and outdated technologies that fail to overcome the scale ef-
fect. Including cubic functions of GDP in models has led some researchers to
identify an inverted N-shaped EKC. This suggests that after initial high pollu-
tion levels decrease with GDP growth, CO, emissions may rise again beyond
a certain income threshold. This pattern has been observed in former Eastern
Bloc countries transitioning to market economies (Ozokcu & Ozdemir, 2017).
Generally, the EKC takes an inverted U shape in the short term and an N shape
in the long term (Zhang, 2021). Wang, Yang, et al. (2023) argue that income
inequality influences the EKC’s N shape: economic growth increases CO, emis-
sions when income inequality is low but reduces emissions as inequality rises.

Energy consumption and the energy mix also significantly impact EKC
models. Utilising renewable and nuclear energy can reduce long-term pollu-
tion Voumik et al. (2023). However, merely increasing income and the share
of renewables may not suffice to lower CO, emissions. Energy policies are
necessary to correct environmental externalities and reduce dependence on
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non-renewable resources (Balsalobre-Lorente et al., 2017). Additionally, EKC
models often unrealistically assume that pollution externalities are optimal-
ly internalised during economic development, implying a socially efficient
price for pollution (D. I. Stern, 2017). Policy intervention is crucial. Arrow et
al. (1996) argue that without climate policies, taxation, and support for en-
ergy innovation, economic growth will not automatically reduce air pollution
problems. Without environmental regulations, any correction of pollution via
the income—environmental quality relationship may only occur at unneces-
sarily high-income levels.

Despite extensive research on the EKC, significant uncertainty remains
about its trajectory and the relationship between economic growth and en-
vironmental pollution. Different variables and factors included in models lead
to varying results, even for the same countries. Outcomes are influenced by
the dependent variables used, estimation methods, and the length of time
series analysed. Excessive aggregation of countries without accounting for
their specific characteristics can result in misleading data patterns.

A.1.4. Gaps and controversies in the application of the EKC

The EKC has been widely debated, with many researchers criticising its
assumptions. A primary objection is the presumption that environmental
damage can be reversed, potentially promoting growth-focused policies that
neglect environmental consequences. Rashid Gill et al (2018) argue that the
‘srow now, clean up later’ approach is too resource-intensive and may lead to
unsustainable environmental costs. The EKC theory does not consider whether
environmental damage incurred before reaching the turning point negatively
impacts future GDP, such as costs for disease treatment or reforestation. Some
resources may be irreversibly lost even after surpassing economic thresholds.
For instance, Zeng et al. (2020) found that climate warming is causing insect
migration harmful to agriculture, and it’s uncertain if reducing CO, emissions
can reverse this. Some researchers propose the Green Solow Model as a bet-
ter alternative, addressing EKC’s shortcomings (Leal & Marques, 2022).

The convergence hypothesis posits that pollution declines faster in high-pol-
lution countries or that it decreases in developed nations while increasing
in developing ones. The EKC suggests wealthy countries initially have high
pollution levels, but data from Central and Eastern Europe contradict this
(D. . Stern, 2017). Additionally, the convergence hypothesis implies that pol-
lution changes are not necessarily tied to economic growth, conflicting with
the EKC. Munasinghe (1999) recommends that developing countries bypass
growth stages causing significant environmental harm. The EKC also assumes
a normal distribution of global income and uniform development patterns,
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ignoring the effects of different pollution types, consumption habits, and cul-
tural factors (Kaika & Zervas, 2013). Ansuategi & Perrings (2000) argue that
EKC models often overlook transboundary and intergenerational externalities.
Empirical studies lack evidence of an inverted U-shaped relationship for pollut-
ants with delayed effects. Additionally, countries exporting pollution-intensive
activities are less likely to decouple growth from environmental degradation.

Previous research has largely neglected green finance topics like green
taxes, bonds, and their impact on financial markets (Long et al., 2022). It’s
uncertain whether financial institutions will fund the green transition or if
wealthy nations will support poorer ones. Kotchen (2020) argues that conven-
tional approaches to climate finance are ineffective, suggesting that focusing
on net benefits holds greater potential. Another issue the EKC overlooks is
geopolitical risk and armed conflict. Countries may reduce CO, reduction ef-
forts to fund military budgets amid war risks, as seen with increased defence
spending in Europe due to the Ukraine conflict. Public willingness to finance
climate policies may also wane. Li et al. (2024) find that geopolitical risk and
energy-intensive arms production correlate with higher carbon emissions
over time. Syrian data show that while CO, emissions drop in the short term
during conflict due to economic damage and population loss, they increase
later because of arms production (Wang, Li et al., 2023).

Unexpected global events like the COVID-19 pandemic also impact CO,
emissions. Andreoni (2021) found that EU restrictions led to a short-term re-
duction of 195 million tonnes of CO, but caused a significant GDP decline.
Conversely, Baky Haskuee and Asgary (2023) suggest that economic recov-
ery leads to long-term CO, increases, especially in developing countries.
Such changes may result from economic fluctuations not considered in the
long-term EKC. York (2012) notes that recessions and booms affect CO, emis-
sions. Burke et al. (2015) found no strong evidence that emissions’ elastici-
ty to growth is greater during expansions than recessions but observed that
emissions rise faster after booms and slow down after recessions over longer
periods.

In summary, factors influencing CO, emissions are more complex than just
economic income, necessitating further investigation into the EKC. The mod-
el may omit relevant variables, suggesting that dynamic stochastic general
equilibrium (DSGE) models could be a solution. Lei et al. (2023) applied such
amodel to China’s economy to study multiple factors affecting growth and CO,
emissions. Non-parametric and non-linear methods also offer new insights.

The increasing availability of data allows for more complex models with-
out losing degrees of freedom. However, it’s essential to explore multiple ar-
eas to better understand the intricate relationship between environmental
pollution and the economy. Due to inconsistencies in many studies, the EKC
hypotheses cannot be fully and unequivocally evaluated, and the supporting
theory has methodological and statistical gaps.
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A.1.5. The Environmental Kuznets Curve in European Union
countries

The European Union has been intensifying its efforts to reduce CO, emis-
sions globally for many years, with the Green Deal serving as its strategy for
transforming towards a sustainable and zero-emission economy. Although
there is a relatively large body of research on growth and CO, emissions con-
cerning individual countries or regions, studies focusing specifically on EU
countries are relatively modest (Mardani et al., 2019; Sovacool et al., 2021).
This is particularly important because such research should underpin politi-
cal and economic decision-making.

One of the first attempts to analyse the EKC for EU countries was by
Bengochea-Morancho et al. (2001), who studied member states from 1981
to 1995 using a fixed-effects model. They found that a 1% increase in GDP
led to a 0.18% rise in emissions in middle-income countries and a 0.97% in-
crease in low-income countries. The study also revealed significant disparities
between the most industrialised countries and others, leading the authors
to recommend that climate policy should consider the economic specifics of
each member state. Later, Martinez-Zarzoso et al. (2007) added a population
variable to the model, finding that population growth affects emissions more
than proportionally in countries that recently joined the EU, while in older
member states, the elasticity is less than one and insignificant.

Acaravci and Ozturk (2010) examined data from 19 EU countries between
1960 and 2005 using the Autoregressive Distributed Lag (ARDL) model. They
concluded that the EKC hypothesis holds in the long term only for Denmark,
Germany, Greece, Iceland, Italy, Portugal, and Switzerland. They also found
that increased energy consumption impacts CO, emissions in certain coun-
tries. Lépez-Menéndez et al. (2014) studied 27 EU countries from 1996 to
2010 and obtained an inverted N-shaped EKC. They suggested that due to
the nonlinear estimation results, countries should be grouped based on their
level of development in models. Renewable energy was identified as signifi-
cantly reducing CO, emissions.

Dogan and Seker (2016) analysed data for 15 EU countries from 1980 to
2012 using the Dynamic Ordinary Least Squares Estimator (DOLS) and includ-
ed squared income. They identified a U-shaped EKC for these countries and
found that real income significantly impacts CO, emissions in low-income
countries, with elasticity decreasing as GDP per capita rises. Renewable en-
ergy consumption and trade openness were found to reduce CO, emissions,
while non-renewable energy consumption increases them. Al-Mulali, Ozturk,
et al. (2015) used data from twenty three EU countries between 1990 and
2013 with the Fully Modified Ordinary Least Squares (FMOLS) method. They
found that a 1% GDP increase raises CO, emissions by 0.41%. Urbanisation
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and financial development contribute to long-term emissions growth, where-
as trade openness and renewable energy reduce emissions.

Kasman and Duman (2015) also employed the FMOLS method for 15 EU
countries from 1992 to 2010, confirming the standard inverted U-shaped EKC.
Their model included energy consumption, trade openness, and urbanisation,
all significantly impacting CO, emissions. Pejovic¢ et al. (2021) investigated 28
EU countries from 2008 to 2018 using a Vector Autoregression (VAR) mod-
el. They found that, in the short term, a 1% increase in GDP leads to a 0.47%
decrease in CO, emissions. Increased use of renewable energy sources was
shown to directly reduce CO, emissions.

Gardiner and Hajek (2020) conducted a study on 23 EU countries from
1990 to 2015 using VAR, Vector Error Correction Model (VECM), and FMOLS
methods. They observed a small positive long-term impact of GDP growth on
reducing CO, emissions. For new member countries, energy consumption and
employment negatively impacted emissions, while in older members, energy
consumption, employment, and exports had this effect. Onofrei et al. (2022)
analysed 27 EU countries from 2000 to 2017 using fixed-effects regression.
They found that, on average, a 1% change in GDP leads to a 0.072% change
in CO, emissions. Their results suggest that economic growth does not auto-
matically reduce EU countries’ vulnerability to climate change but only slows
the rate of CO, emissions growth. Loures and Ferreira (2019) applied a qual-
itative comparative fuzzy set analysis on data from 2010, 2012, and 2014 for
28 EU countries. They identified a direct relationship between CO, emissions
and economic growth, noting that the main factors influencing emission re-
duction were economic crises and energy consumption.

These studies demonstrate that methodologies and results vary widely,
often due to differences in data availability and the specific characteristics
of the countries examined. Short time series may not provide significant in-
sights for long-term relationships, and grouping countries without consider-
ing their developmental specifics can lead to heterogeneous results Brock &
Taylor (2010). Therefore, dividing countries according to development level
or other criteria yields more reliable findings (Leal & Marques, 2022).

Most studies incorporate additional variables beyond CO, emissions and
economic growth, commonly including energy consumption. However, includ-
ing numerous additional variables can lead to multicollinearity and errors in
estimating the elasticity of CO, emissions relative to income, thus distorting
the EKC’s shape (Itkonen, 2012). The choice of methodology can significant-
ly influence results, so comparing outcomes using different methods is ad-
visable (Leal & Marques, 2022). Some studies include GDP squared to find a
U-shaped EKC curve, while others suggest using GDP in cubic form. Husnain
et al. (2021) note that different studies use linear, quadratic, and cubic forms
without indicating which is more probable. Therefore, it seems reasonable
to employ each specification and compare results.
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In summary, the results of EKC studies for EU countries are inconclusive
and often contradictory. Some confirm the existence of the EKC, while oth-
ers refute it or highlight its nonlinear nature. The curve’s shape varies be-
tween U-shaped and N-shaped depending on the study. Consequently, the
Environmental Kuznets Curve cannot be considered a universal tool for form-
ing the European Union’s climate policy, as research findings are frequently
ambiguous or inconsistent.

Appendix B

Table B1. List of keywords used during database analyses

First search
keywords
(naive search)

carbon dioxide, carbon emission, dioxide emission, ecological footprint,
environmental degradation, environmental quality, environmental sustain-
ability, gross domestic product, economic growth, financial development,
foreign direct investment, natural resource, trade openness, energy con-
sumption, non-renewable energy, renewable energy, technological innova-
tion, Environmental Kuznets Curve, quantile regression, panel data, ARDL,
EU, Europe, European Union

Second search
keyword
(litsearchr)

carbon dioxide, direct investment, ecological footprint, economic growth,
empirical evidence, energy consumption, environmental degradation, en-
vironmental quality, environmental sustainability, financial development,
gross domestic product, Kuznets curve, natural resources, non-renewable
energy, renewable energy, technological innovation, trade openness, pan-
el, European Union, carbon neutrality, sustainable development, model,
regression, causality, ARDL, VAR, industrialization, nexus, quantile, urban-
ization, infrastructure, fossil fuels, CO,

Source: own elaboration.
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Figure B1. Plot of node strength for the terms under study

Source: own elaboration.

Table B2. Classification of the concepts studied by subject matter

Group Area Terms
carbon dioxide emissions, CO, emissions, environ-
Emissions and mental degradation, environmental pollution, envi-
environmental quality ronmental quality, climate change, ecological foot-
print, natural resources, fossil fuels
clean energy, energy sources, energy consumption
Energy and energy &Y, &Y rces, energy pon,
1l efficienc energy efficiency, energy intensity, energy transition,
¥ renewable energy, non-renewable energy
financial development, economic development, eco-
Il Economic and social nomic growth, urbanization, developing countries,
development gross domestic product, institutional quality, sustain-
able development, development goals.
v Trade policy and trade openness, foreign direct investment, direct in-
investment vestment
autoregressive distributed la anel, empirical evi-
Models and methods of g . g,_ panet, P )
\Y analvsis dence, panel causality, regression, granger causality,
¥ quantile regression, causal analysis

Source: own elaboration.
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Table B3. Log-linear model results

Effect Rating Standard Z-Statistics | Significance 95% confidence interval
error lower limit | upper limit
X1*X9 0.061 0.073 0.838 0.402 -0.082 0.205
X1*X3 0.149 0.073 2.032 0.042 0.005 0.292
X1*X6 -0.028 0.073 -0.389 0.697 -0.172 0.115
X1*X8 0.104 0.073 1.415 0.157 -0.040 0.247
X3*X6 0.005 0.073 0.072 0.943 -0.138 0.149
X3*X8 0.037 0.073 0.504 0.614 -0.107 0.180
X3*X9 -0.147 0.073 -2.010 0.044 —-0.290 —0.004
X6*X8 0.062 0.073 0.845 0.398 -0.082 0.205
X6*X9 0.012 0.073 0.160 0.873 -0.132 0.155
X8*X9 -0.109 0.073 -1.492 0.136 -0.253 0.034
Y*X1 -0.145 0.073 -1.987 0.047 -0.289 —-0.002
Y*X3 0.019 0.073 0.257 0.797 -0.125 0.162
Y*X6 -0.279 0.073 -3.808 0.000 -0.422 -0.135
Y*X8 0.163 0.073 2.233 0.026 0.020 0.307
Y*X9 0.148 0.073 2.022 0.043 0.005 0.291
Y -0.774 0.073 -10.573 0.000 -0.917 -0.630
X1 -0.387 0.073 —5.283 0.000 —-0.530 —-0.243
X3 —-0.302 0.073 -4.129 0.000 —0.445 -0.159
X6 0.812 0.073 11.092 0.000 0.668 0.955
X8 0.458 0.073 6.254 0.000 0.314 0.601
X9 -0.289 0.073 -3.956 0.000 -0.433 -0.146

Source: own elaboration.
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Figure B2. Log-linear model fitting plot

Source: own elaboration.

References

Abid, M., Sakrafi, H., Gheraia, Z., & Abdelli, H. (2022). Does renewable energy con-
sumption affect ecological footprints in Saudi Arabia? A bootstrap causality test.
Renewable Energy, 189, 813—821. https://doi.org/10.1016/j.renene.2022.03.043

Acaravci, A., & Ozturk, I. (2010). On the relationship between energy consumption,
CO, emissions and economic growth in Europe. Energy, 35(12), 5412-5420. https://
doi.org/10.1016/j.energy.2010.07.009

Al-Mulali, U., Ozturk, 1., & Lean, H. H. (2015). The influence of economic growth, ur-
banization, trade openness, financial development, and renewable energy on
pollution in Europe. Natural Hazards, 79(1), 621-644. https://doi.org/10.1007/
s11069-015-1865-9

Al-Mulali, U., Weng-Wai, C., Sheau-Ting, L., & Mohammed, A. H. (2015). Investigating
the Environmental Kuznets Curve (EKC) hypothesis by utilizing the ecological foot-
print as an indicator of environmental degradation. Ecological Indicators, 48, 315—
323. https://doi.org/10.1016/j.ecolind.2014.08.029

Andreoni, V. (2021). Estimating the European CO, emissions change due to COVID-19 re-
strictions. Science of The Total Environment, 769, 145115. https://doi.org/10.1016/].
scitotenv.2021.145115


https://doi.org/10.1016/j.renene.2022.03.043
https://doi.org/10.1016/j.energy.2010.07.009
https://doi.org/10.1016/j.energy.2010.07.009
https://doi.org/10.1007/s11069-015-1865-9
https://doi.org/10.1007/s11069-015-1865-9
https://doi.org/10.1016/j.ecolind.2014.08.029
https://doi.org/10.1016/j.scitotenv.2021.145115
https://doi.org/10.1016/j.scitotenv.2021.145115

B. Suprorn, Suplemetary materials

Ansuategi, A., & Perrings, C. (2000). Transboundary externalities in the environmen-
tal transition hypothesis. Environmental and Resource Economics, 17(4), 353—-373.
https://doi.org/10.1023/A:1026507017843

Arrow, K. (1969). The organization of economic activity: Issues pertinent to the
choice of market versus non-market allocation. Joint Economic Committee of
Congress. https://www.semanticscholar.org/paper/%E2%80%9C-The-Organiza-
tion-of-Economic-Activity-%3A-Issues-to-Arrow/49600424¢52933806dd6f846d-
89faed9dd9b63cl

Arrow, K., Bolin, B., Costanza, R., Dasgupta, P., Folke, C., Holling, C. S., Jansson, B. O.,
Levin, S., Maler, KaR. L. G., Perrings, C., & Pimentel, D. (1996). Economic growth,
carrying capacity, and the environment. Ecological Applications, 6(1), 13-15.
https://doi.org/10.2307/2269539

Baky Haskuee, M., & Asgary, A. (2023). Environmental risk of COVID-19 recovery. Energy
& Environment, 34(7), 2758-2774. https://doi.org/10.1177/0958305X221108493

Balsalobre-Lorente, D., Shahbaz, M., Ponz-Tienda, J. L., & Cantos-Cantos, J. M. (2017).
Energy innovation in the Environmental Kuznets Curve (EKC): A theoretical ap-
proach. In R. Alvarez Fernandez, S. Zubelzu & R. Martinez (Eds.), Carbon foot-
print and the industrial life cycle: From urban planning to recycling (pp. 243-268).
Springe. https://doi.org/10.1007/978-3-319-54984-2_11

Bashir, M. F. (2022). Discovering the evolution of Pollution Haven Hypothesis: A lit-
erature review and future research agenda. Environmental Science and Pollution
Research, 29(32), 48210-48232. https://doi.org/10.1007/s11356-022-20782-1

Bengochea-Morancho, A., Higén-Tamarit, F., & Martinez-Zarzoso, |. (2001). Economic
growth and CO, emissions in the European Union. Environmental and Resource
Economics, 19(2), 165—-172. https://doi.org/10.1023/A:1011188401445

Beyene, S. D., & Youssef, A. B. (2023). In-depth analysis of the effect of decomposed
growth on the environment: A global perspective. Environmental Science and
Pollution Research, 30(45), 101445-101466. https://doi.org/10.1007/s11356-
023-29569-4

Bilgili, F., Kogak, E., & Bulut, U. (2016). The dynamic impact of renewable energy
consumption on CO, emissions: A revisited Environmental Kuznets Curve ap-
proach. Renewable and Sustainable Energy Reviews, 54, 838—845. https://doi.
org/10.1016/j.rser.2015.10.080

Brock, W. A., & Taylor, M. S. (2010). The Green Solow model. Journal of Economic
Growth, 15, 127-153. https://doi.org/10.1007/s10887-010-9051-0

Burke, P.J., Shahiduzzaman, M., & Stern, D. |. (2015). Carbon dioxide emissions in the
short run: The rate and sources of economic growth matter. Global Environmental
Change, 33, 109-121. https://doi.org/10.1016/j.gloenvcha.2015.04.012

Coase, R. H. (1960). The problem of social cost. The Journal of Law & Economics, 3,
1-44.

Czyzewski, B., & Matuszczak, A. (2016). A new land rent theory for sustainable
agriculture. Land Use Policy, 55, 222-229. https://doi.org/10.1016/j.landuse-
pol.2016.04.002

Davidson, P. (1963). Public policy problems of the domestic crude oil industry. The
American Economic Review, 53(1), 85-108.


https://doi.org/10.1023/A
https://www.semanticscholar.org/paper/%E2%80%9C-The-Organization-of-Economic-Activity-%3A-Issues-to-Arrow/49600424c52933806dd6f846d89faed9dd9b63c1
https://www.semanticscholar.org/paper/%E2%80%9C-The-Organization-of-Economic-Activity-%3A-Issues-to-Arrow/49600424c52933806dd6f846d89faed9dd9b63c1
https://www.semanticscholar.org/paper/%E2%80%9C-The-Organization-of-Economic-Activity-%3A-Issues-to-Arrow/49600424c52933806dd6f846d89faed9dd9b63c1
https://doi.org/10.2307/2269539
https://doi.org/10.1177/0958305X221108493
https://doi.org/10.1007/978-3-319-54984-2_11
https://doi.org/10.1007/s11356-022-20782-1
https://doi.org/10.1023/A
https://doi.org/10.1007/s11356-023-29569-4
https://doi.org/10.1007/s11356-023-29569-4
https://doi.org/10.1016/j.rser.2015.10.080
https://doi.org/10.1016/j.rser.2015.10.080
https://doi.org/10.1007/s10887-010-9051-0
https://doi.org/10.1016/j.gloenvcha.2015.04.012
https://doi.org/10.1016/j.landusepol.2016.04.002
https://doi.org/10.1016/j.landusepol.2016.04.002

Economics and Business Review, Vol. 11 (5), 2025

Dinda, S. (2004). Environmental Kuznets Curve hypothesis: A survey. Ecological
Economics, 49(4), 431-455. https://doi.org/10.1016/j.ecolecon.2004.02.011
Dogan, E., & Seker, F. (2016). Determinants of CO, emissions in the European Union:
The role of renewable and non-renewable energy. Renewable Energy, 94, 429—
439, https://doi.org/10.1016/j.renene.2016.03.078

Favero, L. P, Souza, R. D. F., Belfiore, P., Luppe, M. R., & Severo, M. (2022). Global re-
lationship between economic growth and CO, emissions across time: A multilev-
el approach. International Journal of Global Warming, 26(1), 38—63. https://doi.
org/10.1504/1)GW.2022.120067

Franta, B. (2018). Early oil industry knowledge of CO, and global warming. Nature
Climate Change, 8(12), 1024-1025. https://doi.org/10.1038/s41558-018-0349-9

Gardiner, R., & Hajek, P. (2020). Interactions among energy consumption, CO,, and
economic development in European Union countries. Sustainable Development,
28(4), 723-740. https://doi.org/10.1002/sd.2023

Goldstein, J., & Tyfield, D. (2018). Green Keynesianism: Bringing the entrepreneurial
state back in(to question)? Science as Culture, 27(1), 74-97. https://doi.org/10.1
080/09505431.2017.1346598

Grossman, G. M., & Krueger, A. B. (1991). Environmental impacts of a North American
Free Trade Agreement. NBER Working Papers, 3914. https://ideas.repec.org//p/
nbr/nberwo/3914.html

Halkos, G. (2011). Environment and economic development: Determinants of an EKC
hypothesis. MPRA Paper, 33262. https://mpra.ub.uni-muenchen.de/33262/

Heyes, A. (2000). A proposal for the greening of textbook macro: ‘IS-LM-EE’. Ecological
Economics, 32(1), 1-7.

Hickel, J., & Kallis, G. (2020). Is green growth possible? New Political Economy, 25(4),
469-486. https://doi.org/10.1080/13563467.2019.1598964

Holt, R. P. F., Rosser, J. B., Jr, & Wray, L. R. (1998). Paul Davidson’s economics.
Macroeconomics, 9809012. https://ideas.repec.org//p/wpa/wuwpma/9809012.
html

Htike, M. M., Shrestha, A., & Kakinaka, M. (2022). Investigating whether the
Environmental Kuznets Curve hypothesis holds for sectoral CO, emissions: Evidence
from developed and developing countries. Environment, Development and
Sustainability, 24(11), 12712-12739. https://doi.org/10.1007/s10668-021-01961-5

Husnain, M. I. U., Haider, A., & Khan, M. A. (2021). Does the Environmental Kuznets
Curve reliably explain a developmental issue? Environmental Science and Pollution
Research, 28(9), 11469-11485. https://doi.org/10.1007/s11356-020-11402-x

Itkonen, J. V. A. (2012). Problems estimating the carbon Kuznets curve. Energy, 39(1),
274-280. https://doi.org/10.1016/j.energy.2012.01.018

Joshi, P., & Beck, K. (2018). Democracy and carbon dioxide emissions: Assessing the
interactions of political and economic freedom and the Environmental Kuznets
Curve. Energy Research & Social Science, 39, 46—-54. https://doi.org/10.1016/].
erss.2017.10.020

Kaika, D., & Zervas, E. (2013). The environmental Kuznets curve (EKC) theory. Part
B: Critical issues. Energy Policy, 62, 1403-1411. https://doi.org/10.1016/j.en-
pol.2013.07.130


https://doi.org/10.1016/j.ecolecon.2004.02.011
https://doi.org/10.1016/j.renene.2016.03.078
https://doi.org/10.1504/IJGW.2022.120067
https://doi.org/10.1504/IJGW.2022.120067
https://doi.org/10.1038/s41558-018-0349-9
https://doi.org/10.1002/sd.2023
https://doi.org/10.1080/09505431.2017.1346598
https://doi.org/10.1080/09505431.2017.1346598
https://ideas.repec.org//p/nbr/nberwo/3914.html
https://ideas.repec.org//p/nbr/nberwo/3914.html
https://mpra.ub.uni-muenchen.de/33262/
https://doi.org/10.1080/13563467.2019.1598964
https://ideas.repec.org//p/wpa/wuwpma/9809012.html
https://ideas.repec.org//p/wpa/wuwpma/9809012.html
https://doi.org/10.1007/s10668-021-01961-5
https://doi.org/10.1007/s11356-020-11402-x
https://doi.org/10.1016/j.energy.2012.01.018
https://doi.org/10.1016/j.erss.2017.10.020
https://doi.org/10.1016/j.erss.2017.10.020
https://doi.org/10.1016/j.enpol.2013.07.130
https://doi.org/10.1016/j.enpol.2013.07.130

B. Suprorn, Suplemetary materials

Kallis, G., Kostakis, V., Lange, S., Muraca, B., Paulson, S., & Schmelzer, M. (2018).
Research on degrowth. Annual Review of Environment and Resources, 43, 291—
316. https://doi.org/10.1146/annurev-environ-102017-025941

Kasman, A., & Duman, Y. S. (2015). CO, emissions, economic growth, energy con-
sumption, trade and urbanization in new EU member and candidate countries: A
panel data analysis. Economic Modelling, 44, 97-103. https://doi.org/10.1016/].
econmod.2014.10.022

Keynes, J. M. (1936). The general theory of employment, interest and money.
Macmillan. https://search.library.wisc.edu/catalog/999623618402121

Khan, M. K., Teng, J. Z., Khan, M. I., & Khan, M. O. (2019). Impact of globalization, eco-
nomic factors and energy consumption on CO, emissions in Pakistan. Science of The
Total Environment, 688, 424—-436. https://doi.org/10.1016/j.scitotenv.2019.06.065

Kotchen, M. J. (2020). On the scope of climate finance to facilitate internation-
al agreement on climate change. Economics Letters, 190, 109070. https://doi.
org/10.1016/j.econlet.2020.109070

Krugman, P. (2016). Environmental Economics 101: Overcoming market failures. In
S. Nicholson & P. Wapner, Global environmental politics: From person to planet.
(164-172). Routledge.

Krugman, P., & Wells, R. (2018). Microeconomics. Macmillan.

Kuznets, S. (1955). Economic growth and income inequality. The American Economic
Review, 45(1), 1-28.

Latouche, S. (2009). Farewell to growth. Polity.

Lazar, D., Minea, A., & Purcel, A.-A. (2019). Pollution and economic growth: Evidence
from Central and Eastern European countries. Energy Economics, 81, 1121-1131.
https://doi.org/10.1016/j.eneco.2019.05.011

Leal, P. H., & Marques, A. C. (2022). The evolution of the Environmental Kuznets Curve
hypothesis assessment: A literature review under a critical analysis perspective.
Heliyon, 8(11), e11521. https://doi.org/10.1016/j.heliyon.2022.e11521

Lei, Y., Zhang, X., Yao, C., & Peng, W. (2023). Redesigning carbon emissions reduction
policies for China’s manufacturing industry: A dynamic stochastic general equi-
librium approach. Frontiers in Energy Research, 11. https://doi.org/10.3389/fen-
rg.2023.1094700

Li, R., Wang, Q., & Guo, J. (2024). Revisiting the Environmental Kuznets Curve (EKC)
hypothesis of carbon emissions: Exploring the impact of geopolitical risks, natural
resource rents, corrupt governance, and energy intensity. Journal of Environmental
Management, 351, 119663. https://doi.org/10.1016/j.jenvman.2023.119663

Li, X., & Lin, B. (2013). Global convergence in per capita CO, emissions. Renewable
and Sustainable Energy Reviews, 24, 357-363. https://doi.org/10.1016/j.
rser.2013.03.048

Long, S., Lucey, B., Kumar, S., Zhang, D., & Zhang, Z. (2022). Climate finance: What we
know and what we should know? Journal of Climate Finance, 1, 100005. https://
doi.org/10.1016/j.jclimf.2023.100005

Lopez-Menéndez, A. J., Pérez, R., & Moreno, B. (2014). Environmental costs and renew-
able energy: Re-visiting the Environmental Kuznets Curve. Journal of Environmental
Management, 145, 368-373. https://doi.org/10.1016/j.jenvman.2014.07.017


https://doi.org/10.1146/annurev-environ-102017-025941
https://doi.org/10.1016/j.econmod.2014.10.022
https://doi.org/10.1016/j.econmod.2014.10.022
https://search.library.wisc.edu/catalog/999623618402121
https://doi.org/10.1016/j.scitotenv.2019.06.065
https://doi.org/10.1016/j.econlet.2020.109070
https://doi.org/10.1016/j.econlet.2020.109070
https://doi.org/10.1016/j.eneco.2019.05.011
https://doi.org/10.1016/j.heliyon.2022.e11521
https://doi.org/10.3389/fenrg.2023.1094700
https://doi.org/10.3389/fenrg.2023.1094700
https://doi.org/10.1016/j.jenvman.2023.119663
https://doi.org/10.1016/j.rser.2013.03.048
https://doi.org/10.1016/j.rser.2013.03.048
https://doi.org/10.1016/j.jclimf.2023.100005
https://doi.org/10.1016/j.jclimf.2023.100005
https://doi.org/10.1016/j.jenvman.2014.07.017

Economics and Business Review, Vol. 11 (5), 2025

Loures, L., & Ferreira, P. (2019). Energy consumption as a condition for per capita car-
bon dioxide emission growth: The results of a qualitative comparative analysis in
the European Union. Renewable and Sustainable Energy Reviews, 110, 220-225.
https://doi.org/10.1016/j.rser.2019.05.008

Malenbaum, W. (1978). World demand for raw materials in 1985 and 2000. E/M)
Mining Information Services.

Mardani, A., Streimikiene, D., Cavallaro, F., Loganathan, N., & Khoshnoudi, M. (2019).
Carbon dioxide (CO,) emissions and economic growth: A systematic review of two
decades of research from 1995 to 2017. Science of The Total Environment, 649,
31-49. https://doi.org/10.1016/j.scitotenv.2018.08.229

Martinez-Zarzoso, |., Bengochea-Morancho, A., & Morales-Lage, R. (2007). The impact
of population on CO, emissions: Evidence from European countries. Environmental
and Resource Economics, 38(4), 497-512. https://doi.org/10.1007/s10640-007-
9096-5

Mazzucato, M. (2011). The entrepreneurial state. Soundings, 49, 131-142.

Munasinghe, M. (1999). Is environmental degradation an inevitable consequence of
economic growth: Tunneling through the Environmental Kuznets Curve. Ecological
Economics, 29(1), 89-109. https://doi.org/10.1016/50921-8009(98)00062-7

Mustafa, F., Elamer, A. A., & Mordi, C. (2024). Green or greed? The impact of Foreign
Direct Investment on renewable sustainable energy through the lens of envi-
ronmental taxation. SSRN Scholarly Paper, 4763604. https://doi.org/10.2139/
ssrn.4763604

Nordhaus, W. D. (1993). Reflections on the economics of climate change. The Journal
of Economic Perspectives, 7(4), 11-25.

Numan, U., Ma, B., Meo, M. S., & Bedru, H. D. (2022). Revisiting the N-shaped
Environmental Kuznets Curve for economic complexity and ecological foot-
print. Journal of Cleaner Production, 365, 132642. https://doi.org/10.1016/j.jcle-
pro.2022.132642

Onofrei, M., Vatamanu, A. F., & Cigu, E. (2022). The relationship between economic
growth and CO, emissions in EU countries: A cointegration analysis. Frontiers in
Environmental Science, 10. https://doi.org/10.3389/fenvs.2022.934885

Ozokeu, S., & Ozdemir, O. (2017). Economic growth, energy, and Environmental
Kuznets Curve. Renewable and Sustainable Energy Reviews, 72, 639-647. https://
doi.org/10.1016/j.rser.2017.01.059

Panayotou T. (1993). Empirical tests and policy analysis of environmental deg-
radation at different stages of economic development. ILO Working Papers,
992927783402676. https://webapps.ilo.org/public/libdoc/ilo/1993/93B09 31 _
engl.pdf

Pearce, D. W., Atkinson, G. D., & Dubourg, W. R. (1994). The economics of sustain-
able development. Annual Review of Environment and Resources, 19, 457-474.
https://doi.org/10.1146/annurev.eg.19.110194.002325

Pejovi¢, B., Karadzi¢, V., Dragasevi¢, Z., & Backovi¢, T. (2021). Economic growth, en-
ergy consumption and CO, emissions in the countries of the European Union and
the Western Balkans. Energy Reports, 7, 2775-2783. https://doi.org/10.1016/j.
egyr.2021.05.011


https://doi.org/10.1016/j.rser.2019.05.008
https://doi.org/10.1016/j.scitotenv.2018.08.229
https://doi.org/10.1007/s10640-007-9096-5
https://doi.org/10.1007/s10640-007-9096-5
https://doi.org/10.1016/S0921-8009(98)00062-7
https://doi.org/10.2139/ssrn.4763604
https://doi.org/10.2139/ssrn.4763604
https://doi.org/10.1016/j.jclepro.2022.132642
https://doi.org/10.1016/j.jclepro.2022.132642
https://doi.org/10.3389/fenvs.2022.934885
https://doi.org/10.1016/j.rser.2017.01.059
https://doi.org/10.1016/j.rser.2017.01.059
https://webapps.ilo.org/public/libdoc/ilo/1993/93B09_31_engl.pdf
https://webapps.ilo.org/public/libdoc/ilo/1993/93B09_31_engl.pdf
https://doi.org/10.1146/annurev.eg.19.110194.002325
https://doi.org/10.1016/j.egyr.2021.05.011
https://doi.org/10.1016/j.egyr.2021.05.011

B. Suprorn, Suplemetary materials

Pigou, A. (2017). The economics of welfare. Routledge. https://doi.org/10.4324/
9781351304368

Pollin, R., Garrett-Peltier, H., Heintz, J., & Scharber, H. (2008). Green recovery: A pro-
gram to create good jobs & start building a low-carbon economy. Published Studies.
https://ideas.repec.org//p/uma/perips/peri_report.html

Rashid Gill, A., Viswanathan, K. K., & Hassan, S. (2018). The Environmental Kuznets
Curve (EKC) and the environmental problem of the day. Renewable and Sustainable
Energy Reviews, 81, 1636—1642. https://doi.org/10.1016/j.rser.2017.05.247

Ricardo, D. (1929). Zasady ekonomiji politycznej i podatkowania. Gebethner i Wolff.
https://rcin.org.pl/dlibra/doccontent?id=31352

Sarkodie, S. A., & Strezov, V. (2018). Empirical study of the Environmental Kuznets Curve
and Environmental Sustainability Curve hypothesis for Australia, China, Ghana
and USA. Journal of Cleaner Production, 201, 98—110. https://doi.org/10.1016/].
jclepro.2018.08.039

Sarkodie, S. A., & Strezov, V. (2019a). A review on Environmental Kuznets Curve hy-
pothesis using bibliometric and meta-analysis. Science of The Total Environment,
649, 128-145. https://doi.org/10.1016/j.scitotenv.2018.08.276

Sarkodie, S. A., & Strezov, V. (2019b). Effect of Foreign Direct Investments, econom-
ic development and energy consumption on greenhouse gas emissions in devel-
oping countries. Science of The Total Environment, 646, 862—871. https://doi.
org/10.1016/j.scitotenv.2018.07.365

Shahbaz, M., Nasreen, S., Abbas, F., & Anis, O. (2015). Does foreign direct investment
impede environmental quality in high-, middle-, and low-income countries? Energy
Economics, 51, 275-287. https://doi.org/10.1016/j.eneco.2015.06.014

Sim, N. C. S. (2006). Environmental Keynesian macroeconomics: Some further
discussion. Ecological Economics, 59(4), 401-405. https://doi.org/10.1016/].
ecolecon.2005.11.006

Smith, A. (1776/2015). An inquiry into the nature and causes of the wealth of nations
(vol. 1). Strahan & Cadell.

Solow, R. M. (1974). The economics of resources or the resources of economics. The
American Economic Review, 64(2), 1-14.

Solow, R. M. (1993). Sustainability: An economist’s perspective. In R. Dorfman &
N. Dorfman (Eds.), Economics of the environment: Selected readings (pp. 179—
187). W. W. Norton.

Sovacool, B. K., Griffiths, S., Kim, J., & Bazilian, M. (2021). Climate change and in-
dustrial F-gases: A critical and systematic review of developments, sociotech-
nical systems and policy options for reducing synthetic greenhouse gas emis-
sions. Renewable and Sustainable Energy Reviews, 141, 110759. https://doi.
org/10.1016/j.rser.2021.110759

Stern, D. I. (2017). The Environmental Kuznets Curve after 25 years. Journal of
Bioeconomics, 19(1), 7-28. https://doi.org/10.1007/s10818-017-9243-1

Stern, N. (2008). The economics of climate change. The American Economic Review,
98(2), 1-37.

Udeagha, M. C., & Ngepah, N. (2024). Aroadmap to a green economy in South Africa:
Modelling technological innovation and energy consumption in the novel dynam-


https://doi.org/10.4324/9781351304368
https://doi.org/10.4324/9781351304368
https://ideas.repec.org//p/uma/perips/peri_report.html
https://doi.org/10.1016/j.rser.2017.05.247
https://rcin.org.pl/dlibra/doccontent?id=31352
https://doi.org/10.1016/j.jclepro.2018.08.039
https://doi.org/10.1016/j.jclepro.2018.08.039
https://doi.org/10.1016/j.scitotenv.2018.08.276
https://doi.org/10.1016/j.scitotenv.2018.07.365
https://doi.org/10.1016/j.scitotenv.2018.07.365
https://doi.org/10.1016/j.eneco.2015.06.014
https://doi.org/10.1016/j.ecolecon.2005.11.006
https://doi.org/10.1016/j.ecolecon.2005.11.006
https://doi.org/10.1016/j.rser.2021.110759
https://doi.org/10.1016/j.rser.2021.110759
https://doi.org/10.1007/s10818-017-9243-1

Economics and Business Review, Vol. 11 (5), 2025

ic ARDL simulations framework. Cogent Economics & Finance, 12(1), 2295191.
https://doi.org/10.1080/23322039.2023.2295191

Usman, O., lorember, P. T., & Olanipekun, I. O. (2019). Revisiting the Environmental
Kuznets Curve (EKC) hypothesis in India: The effects of energy consumption and
democracy. Environmental Science and Pollution Research, 26(13), 13390-13400.
https://doi.org/10.1007/s11356-019-04696-z

Voumik, L. C., Hossain, M. I., Rahman, M. H., Sultana, R., Dey, R., & Esquivias, M. A.
(2023). Impact of renewable and non-renewable energy on EKC in SAARC coun-
tries: Augmented mean group approach. Energies, 16(6), 2789. https://doi.
org/10.3390/en16062789

Wang, Q., Li, R., Hu, S., & Su, M. (2023). Prolonged war reverses carbon emissions from
an early decline to a late increase—evidence from Syria. Journal of Environmental
Management, 345, 118935. https://doi.org/10.1016/j.jenvman.2023.118935

Wang, Q., Yang, T., & Li, R. (2023). Does income inequality reshape the Environmental
Kuznets Curve (EKC) hypothesis? A nonlinear panel data analysis. Environmental
Research, 216, 114575. https://doi.org/10.1016/j.envres.2022.114575

York, R. (2012). Asymmetric effects of economic growth and decline on CO, emissions.
Nature Climate Change, 2(11), 762-764. https://doi.org/10.1038/nclimate1699

Yoro, K. O., & Daramola, M. O. (2020). CO, emission sources, greenhouse gases,
and the global warming effect. In M. R. Rahimpour, M. Farsi & M. A. Makarem
(Eds.), Advances in carbon capture (pp. 3-28). Woodhead Publishing. https://doi.
org/10.1016/B978-0-12-819657-1.00001-3

Zeng, J., Liu, Y., Zhang, H., Liu, J., Jiang, Y., Wyckhuys, K. A. G., & Wu, K. (2020). Global
warming modifies long-distance migration of an agricultural insect pest. Journal
of Pest Science, 93(2), 569-581. https://doi.org/10.1007/s10340-019-01187-5

Zhang, J. (2021). Environmental Kuznets Curve hypothesis on CO, emissions: Evidence
for China. Journal of Risk and Financial Management, 14(3), 93. https://doi.
org/10.3390/jrfm14030093


https://doi.org/10.1080/23322039.2023.2295191
https://doi.org/10.1007/s11356-019-04696-z
https://doi.org/10.3390/en16062789
https://doi.org/10.3390/en16062789
https://doi.org/10.1016/j.jenvman.2023.118935
https://doi.org/10.1016/j.envres.2022.114575
https://doi.org/10.1038/nclimate1699
https://doi.org/10.1016/B978-0-12-819657-1.00001-3
https://doi.org/10.1016/B978-0-12-819657-1.00001-3
https://doi.org/10.1007/s10340-019-01187-5
https://doi.org/10.3390/jrfm14030093
https://doi.org/10.3390/jrfm14030093

