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Abstract
The main purpose of this study is to examine the democracy–environmental degradation nexus in 26 Organization for Economic
Cooperation and Development (OECD) countries from 1990 through 2015 by using panel data estimation methods, performing
well under cross-sectional dependence. Empirical results are as follows: (i) Tests show that cross-section dependence exists
among panel members, and slope coefficients are heterogeneous, respectively, and (ii) long-term coefficient estimation results
with Augmented Mean Group estimator show that democracy, non-renewable energy consumption, and real income per capita
have statistically significant negative effects on environmental quality, whereas renewable energy consumption has a positive
effect. There is also no statistically significant relationship between urbanization and environmental quality. These findings show
the poor functioning of democracy in addressing environmental issues among OECD countries; therefore, raising environmental
quality conflicts with the Sustainable Development Goals (SDGs) of creating strong institutions and economic growth targets.
Moreover, promoting renewable energy consumption may be an effective alternative in reducing environmental degradation;
therefore, it can be said that promoting clean energy use and raising the SDG environmental quality targets are in harmony.

Keywords Environmental quality . Renewable energy . Non-renewable energy . Ecological footprint . Democracy . Sustainable
development goals

Introduction

To discuss the future of global development policies, the
United Nations Sustainable Development Conference was
held in Rio de Janeiro in 2012. The primary objective of the
conference was to find sustainable solutions for urgent envi-
ronmental, political, and economic issues affecting poverty-
reducing Millennium Development Goals (MDGs), which
had been only partially successful (United Nations 2019a).
To fully achieve the MDGs and make those gains sustainable
and to establish a better quality of life in underdeveloped
countries, 17 key topics were introduced as SDGs, which

planned to be replaced with MDGs. As in the original
MDGs, these SDGs focused on ensuring environmental pro-
tection and combating climate change, with Goal 13 empha-
sizing that climate change has affected every country in the
world and that environmental degradation and emissions have
risen to historically high levels. Without action against envi-
ronmental degradation and climate change, the world’s aver-
age surface temperature is likely to surpass three degrees cen-
tigrade this century. Moreover, substituting carbon-based en-
ergy with cleaner, renewable sources such as wind and solar
power would help diminish emission levels and encourage
both developed and developing countries to move toward
low-carbon technology. In addition, the lack of consideration
or emphasis for institutions in the MDGs was remedied with
Goal 16, which recommended building strong institutions to
create peaceful and inclusive societies, promoting transparent
regulations, and protecting individual and human rights
around the world (United Nations 2019b).

It can be clearly seen that each SDG topic is strongly cor-
related with the other one. This raises questions about whether
there is congruence in the agreement, such as harmony or
contradiction between SDGs. Many discussions have been
made to unveil how the SDGs interact. When drafting the
SDGs, the parties presumed that the objectives of economic
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growth and environmental sustainability would become less
contrary to improvements in efficiency; however, researchers
have expressed different remarks based on their researches.
According to Hajer et al. (2015), despite having the potential
to be a guiding star for achieving shared and lasting
prosperity, SDGs lack the framework to consistently address
environmental concerns. They also point out that ecological
goals for reducing biodiversity loss and combating climate
change do not specify any target dates or criteria for
fulfillment. In contrast, Pongiglione (2015) asserts that
SDGs are not only just goals but also they promote each other
to achieve other objectives essential for human development.
For instance, improvements in sustainable agriculture increase
agricultural productivity, which increases food security and
leads to reaching the zero-hunger goal. However, Pogge and
Sengupta (2015) assert that despite their positive aspects, the
SDGs are far from fulfilling the inspiring purpose of eradicat-
ing poverty at all levels. They also find that Goal 13 lacks a
concrete commitment to combating climate change and low-
ering emissions. According to Gupta and Vegelin (2016),
SDGs appear to prioritize economic inclusiveness over eco-
logical inclusiveness, thus creating an opposition between
economy-based and ecology-based targets. Furthermore,
Hickel (2019) states that reducing carbon emissions and re-
source use, which is a prerequisite for achieving decent work
and economic growth targets (Goal 8), cannot be achieved
with a 3% global economic growth rate.

Although most SDG researches have focused on the eco-
nomic growth and environment nexus, the institutions and
environment nexus have largely remained unexplored.
Particularly, how democracy and environment interact was
not made clear as well; and, different approaches asserted by
researchers to unveil the theoretical background of
democracy-environment nexus. Olson (1996) states that com-
patibility nexus between democracy and economic growth
means that democracy increases economic growth as well as
resource use; hence, it can be said that democracy does not
promote actions on diminishing environmental pollutions and
emissions. In other words, democracy creates a better
investment climate by protecting private property rights and
promoting individual entrepreneurship, which boosts
economic growth, raises resource use, and hurts the
environmental quality. Hillman and Ursprung (1992) stated
that the effect of democracy on the environment varies by
depending on the institutional mechanism of policy choice.
The majority of society determines the policies in case of the
existence of direct democracy. Therefore, environmental pol-
icies are determined by median voters, and policy-makers
cannot adopt policies based on discretion. However, the
policy-makers adopt discretion-based policies in case of rep-
resentative democracy. The existence of representative de-
mocracy could lead to the arise of principal-agent problems.
In such a case, individuals cannot monitor policies determined

by agents, and decisions of policy-makers can be affected by
lobby groups. Dryzek (1987) asserts that democracy is a re-
gime in which lobbying groups seeking profit maximization
have a significant political impact. Thus, the government
might be affected by lobbying and may prioritize private in-
terests over the public interest (Olson 1982). In contrast, au-
tocratic regimes might deny lobbying demands that hurt envi-
ronmental quality in favor of the public interest. Beyond that,
because of political myopia, democratically elected govern-
ments might also be more lacking in commitment to long-
term action plans than nonelected autocratic regimes
(Bernauer and Koubi 2009). In other words, pollution abate-
ment requires long-term commitment, and democratically
elected governments might be unwilling to choose policies
that limit resource use and slow economic growth down in-
stead of vote-saving policies such as boosting economic
growth. Therefore, democratically elected governments might
be less successful in providing public goods such as a clean
environment than nonelected regimes.

Adams and Acheampong (2019) emphasized that democ-
racy promotes civic competence and gives awareness to citi-
zens for differentiating public and individual interests.
Democracy gives freedom of choice to individuals; therefore,
citizens could freely choose the environmental policies by the
voting mechanism. Moreover, autocratic regimes fail to pro-
vide public goods; hence, the provision of a clean and sustain-
able environment may not be achieved in autocracies (Olson
1996). According to Payne (1995), individuals are free to
learn about the environment and ecological policies and can
express their opinions, priorities, and putting political pressure
on the government through voting (Acemoglu and Robinson
2006). Moreover, in democratic systems, individuals have
greater access to information about environmental issues
through freedom of the press. They also have the right to
organize and lobby for environmental protection at both na-
tional and international levels (Kinda 2011). Pande (2003)
points out that “a basic premise of representative democracy
is that all those subject to policy should have a voice in its
making.” Therefore, individuals living in democratic societies
have more influence than those living in autocratic systems in
which people are not allowed to express opinions on socio-
economic or ecological issues. Thus, demands for better envi-
ronmental quality can be easily transmitted in the decision-
making process and can force leaders to raise environmental
standards. McCloskey (1983) and Payne (1995) assert that
democratic governments are more sensitive to individual de-
mands on ecological issues, which could encourage them to
fulfill responsibilities and commitments under international
treaties. Moreover, they emphasize that in autocratic systems
individuals are not allowed to freely express their opinion on
socio-economic issues, as well as ecological ones, they are not
allowed to organize, and access to information without no cost
is almost impossible.
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In light of these conflicting thoughts, there is no apparent
consensus about how democracy affects environmental deg-
radation. The main objectives of this paper are to investigate
the democracy–environmental degradation nexus in 26
OECD countries by using data available from 1990 to 2015.
Former literature examining determinants of environmental
pollution focused on economic and energy-based factors in
OECD countries. However, institutional determinants of en-
vironmental degradation, particularly democracy, were ig-
nored. There is a lack of knowledge about how democracy
and the environment interact in OECD countries. To the best
of our knowledge, this is the first study attempting to unveil
democracy and environment nexus in OECD countries.
Therefore, this study could be a key for policy-makers tomake
inferences to establishing synergy between democracy and the
environment. Second, we employed ecological footprint,
which considers agricultural, water, weather, and forest side
of environmental pollution, as an indicator of environmental
pollution to study environmental degradation more compre-
hensively. Third, the estimation methods used in the former
literature do not address the cross-sectional dependence that
frequently occurs in panel data estimations. It could be clearly
seen in environmental literature that international initiatives
have taken by countries such as the Stockholm Conference,
Rio Conference, and the Kyoto Protocol. Besides, it could be
clearly seen that many common environmental goals and part-
nerships are envisaged in both MDGs and SDGs. This global
environmental diplomacy and these hundreds of multilateral
agreements have led to cohesiveness and interdependency
among countries (Hajer et al. 2015; Erdogan and Acaravci
2019). Therefore, it can be said that ignoring cross-section
dependence could cause biased estimations and hypothesis
tests (Sarafidis et al. 2009; Chudik and Pesaran 2013). This
paper employs panel data estimation methods that perform
well under cross-section dependency to avoid biased estima-
tions and aims to contribute to filling the existing gap in the
literature.

Literature review

Although the subject of drivers of environmental pollution has
been an attention-grabbing research field for researchers (see
Shahbaz and Sinha 2019), the institution-environment nexus
has not been widely investigated. Therefore, it could be said
that there is a smaller number of studies in this field compared
with the number of researches on economic and demographic
determinants of environmental deterioration. The prominent
studies on democracy and environmental pollution relation-
ship can be reviewed as follows.

Fredriksson et al. (2005) investigate democracy and envi-
ronmental policy relationship in 94 countries for the years of
1993, 1996, and 2000 by using several estimation methods
which do not consider cross-sectional dependence. Their

findings show that a rise in political competition increases
the stringency of environmental policies, whereas political
participation has no significant effects on the stringency of
environmental policies. In addition, they show that any in-
crease in real GDP reduces the stringency of environmental
policies. Farzin and Bond (2006) examine democracy and
environmental pollution relationships in a set of countries
for the period of 1980–1996 by employing fixed effect (FE)
estimation method. They reveal that democracy has a decreas-
ing effect on carbon emission, while it has an increasing effect
on nitric oxide. Furthermore, GDP has an increasing effect on
both those pollution indicators. Pellegrini and Gerlagh (2006)
investigate democracy-environmental protection stringency
nexus in 44 countries for the period of 1980–1985 by
employing the ordinary least squares (OLS) method. Their
findings are in favor of the non-existence of a statistically
signif icant rela t ionship between democracy and
environmental protection stringency, while there is a positive
and statistically significant relationship between GDP and
environmental protection stringency. Li and Reuveny (2006)
investigate relationships between democracy and several en-
vironmental indicators in a set of different samples and pe-
riods. Overall results mostly indicate that democracy has neg-
ative and statistically significant effects on environmental deg-
radation. Furthermore, the effects of income and trade vary
based on environmental indicators and estimation methods.

Bernauer and Koubi (2009) investigate democracy and sul-
fur dioxide relationships in 42 countries for the period of
1971–1996 by using random effect (RE) method. Their find-
ings show that democracy reduces environmental pollution,
while income has statistically insignificant effects on pollu-
tion. Arvin and Lew (2011) examine democracy’s effect on
several environmental indicators in 141 developing countries
for the period of 1976–2003 by employing generalized OLS.
According to the results, an increase in democracy positively
affects carbon emissions and water pollution; whereas
negatively affects deforestation damage. Furthermore, an
increase in income level reduces carbon emissions, while
tots water pollution and deforestation damage up.
Buitenzorgy and Mol (2011) examine democracy and defor-
estation rates in 177 countries for the period of 1990–2000 by
employing the OLS method. Their findings suggest that de-
mocracy has a positive and statistically significant effect on
deforestation rate, while estimation results for income level
mostly show that no statistically significant relationships
exist between GDP and deforestation results. Gani and
Scrimgeour (2014) investigate voice-accountability and water
pollution nexus in 21 OECD countries for the period of 1998–
2005 by employing the generalized method of moments
(GMM) approach. Their findings suggest that an increase in
voice and accountability exacerbates water pollution, whereas
increases in both GDP and trade diminish water pollution.
You et al. (2015) examine democracy and carbon emission
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relationship in a cross-section of countries for the period of
1985–2005 by using pooled OLS, FE, and quantile regression
method (QRM) approaches, and their pooled OLS findings
show that democracy reduces carbon emissions, whereas FE
findings show that democracy increases carbon emissions,
and QRM findings show mix results. Besides, real income
per capita (real GDP) positively affects carbon emissions,
while findings for trade openness are overwhelmingly favored
of the existence of a statistically insignificant effect on emis-
sions. Adams et al. (2016) investigate democracy-
environmental pollution nexus in Ghana by Fully Modified
Phillips-Hansen method from 1965 to 2011. They reveal that
an increase in the democracy level decreases environmental
pollution levels. Moreover, trade openness reduces environ-
mental degradation while urbanization increases.

Adams and Klobodu (2017) examine democracy and car-
bon emission relationships in 38 African countries for the
period of 1971–2011 by using dynamic OLS (DOLS). The
findings indicate that an increase in the democracy level helps
to reduce carbon emissions in those African countries. In order
to unveil democracy and ecological footprint nexus,
Charfeddine and Mrabet (2017) employ fully modified OLS
(FMOLS) and DOLS for the period of 1975–2007 in 15
Middle East and North Africa (MENA) countries. Their
FMOLS findings suggest that democracy increases ecological
footprints, whereas DOLS findings indicate that democracy
does not have a statistically significant effect on ecological
footprint. In addition, both FMOLS and DOLS findings
reveal that real GDP has a positive effect on environmental
degradation. In order to investigate the effect of democracy on
carbon emissions level, Lv (2017) employs OLS and QRM in
19 emerging market economies for the period of 1997-2010.
According to the results, democracy increases carbon emis-
sions levels. Furthermore, an increase in income level also
raises carbon emissions, whereas there are no statistically sig-
nificant relationships between trade openness and carbon
emissions. Kashwan (2017) investigates democracy-
protected areas nexus in 137 countries in 2012 by using gen-
eralized linear models. The overall results show that democ-
racy has a positive effect on the size of protected areas, while
based on the model, the effect of GDP varies. Farzanegan and
Markwardt (2018) investigate democracy-environment nexus
in 17 the Middle East and North Africa (MENA) countries for
the period of 1980–2005 by employing several estimation
methods that do not consider cross-sectional dependence.
Their findings suggest that increasing democracy might be
an effective tool for reducing environmental pollution.
Besides, their findings overwhelmingly indicate that real
GDP positively affects environmental pollution, whereas
trade openness does not have a statistically significant effect
on environmental degradation. Kim et al. (2019) investigate
democracy-environmental quality nexus in 132 countries for
the period of 2014–2016 by using the RE method. Their

findings suggest that an increase in the quality of democracy
raises the level of environmental quality, whereas the increase
in income level diminishes the level of environmental quality.
Adams and Acheampong (2019) examine democracy and car-
bon emission relationships in 46 Sub-Saharan African coun-
tries for the period of 1980–2015 by employing several esti-
mation approaches. They find that democracy promotes to
reduce carbon emissions. Besides, renewable energy con-
sumption also reduces carbon emissions level, while trade
openness increases. Furthermore, GDP mostly has a statisti-
cally insignificant effect on carbon emissions. Adams and
Nsiah (2019) investigate democracy and environmental deg-
radation nexus in 28 Sub-Saharan African Countries from
1980 to 2014 by employing the FMOLS and GMMmethods.
They reveal that less-democratic countries tend to pollute the
environment more and both renewable and non-renewable
energy has a positive effect on environmental degradation.
Usman et al. (2020) examine democracy and environmental
quality in South Africa from 1971 to 2014 by using the
FMOLS method. They confirm the existence of the
Environmental Kuznets Curve (EKC) and reveal that there is
no significant nexus between democracy and the
environment.

The following common features could be observed in the
literature review. First, despite the use of different samples, to
the best of our knowledge, there is no study investigating
democracy-environmental quality nexus in OECD countries.
Second; distinctively, this study uses the ecological footprint,
which is a more complex indicator of environmental degrada-
tion. The use of ecological footprint may allow us to make
comprehensive inferences on environmental issues. Third, a
great part of the papers, examining democracy-environmental
degradation nexus, employ panel data approaches; however,
the panel data techniques used in those papers are not able to
cope with cross-sectional dependence, generally occurring in
multi-country studies. In such a case, estimated coefficients
and hypothesis tests may be biased (Chudik and Pesaran
2013; Erdogan et al. 2020a). In order to avoid biased estima-
tions and make consistent policy proposals, panel data
methods performing well under cross-sectional dependence
are employed in this study. Fourth, this study seeks to inves-
tigate how to create synergy between institutional and envi-
ronmental aims of SDGs in the OECD sample, and aims to
make distinctive contributions to fill that gap in the literature.

Theoretical background, model, data,
and methodology

Theoretical background, model, and data

The nexus of democracy and the environment can be ex-
plained by using two approaches. The first approach argues
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that democracy helps to reduce environmental degradation.
Individuals can access grater information about environmental
issues, express their opinions, and priorities through freedom
of the press, can right to organize and lobby for environmental
protection at both national and international levels, and put-
ting political pressure on the government through voting in
democratic societies. Besides, democratic governments are
more sensitive to individual demands on ecological issues,
which could encourage them to fulfill responsibilities and
commitments under international treaties. The second ap-
proach asserts that an increase in democracy enhances eco-
nomic growth and resource use and exacerbates environmen-
tal degradation. Furthermore, democratically elected may
choose to boost economic growth to increase welfare and save
votes for coming to power for one more period. Therefore,
democratically elected governments may tend to fail to com-
bat environmental degradation. We used the democratic ac-
countability index as an indicator of democracy. The demo-
cratic accountability index is a measure of how well the gov-
ernment responds to its people and fundamental civil liberties
and political rights. It is measured on a 0–6 scale that higher
index values show a higher level of democracy and vice versa.
Moreover, we used the ecological footprint as an indicator of
environmental degradation. The ecological footprint is accept-
ed more holistic and inclusive compared with other environ-
mental indicators (Ulucak and Lin 2017; Destek and Sarkodie
2019; Solarin 2019) because of including cropland, grazing,
fishing, forest, CO2 emission, and infrastructure footprints. It
is a measure of how much resources we demand from nature
and how much resources we must provide to nature in return;
hence, a higher ecological footprint means higher environ-
mental degradation.

Economic growth and environmental quality nexus have
been intensively studied since the study of Grossman and
Krueger (1991). Therefore, we included economic growth in
our model as a control variable. Afterward, disaggregate en-
ergy consumption have gained importance in empirical anal-
yses (see Cole et al. (1997); Richmond and Kaufmann
(2006)). As it is emphasized in SDGs (Goal 7), extending
the use of renewable energy consumption would support cre-
ating an inclusive and sustainable economic environment, and
surely ease to reduce effects of climate change and environ-
mental degradation. Because of those reasons, renewable en-
ergy consumption is expected to reduce environmental degra-
dation. Conversely, the exacerbating effect of non-renewable
energy consumption on environmental quality is widely ac-
cepted. Finally, Sinha et al. (2019) and Sarkodie et al. (2020)
impressed that urbanization can be one of the important deter-
minants of environmental quality in both developing and de-
veloped countries. However, there is no consensus on the
effect of urbanization on environmental quality (see Danish
et al. (2020)). On the one hand, urbanization can lead to envi-
ronmental problems by destroying ecological areas,

increasing fossil fuel consumption, and resource use, due to
the increase in demand for housing and transportation, and
industrial production. On the other hand, as urban inhabitants
have higher incomes and opportunities to access higher edu-
cation; therefore, the demands for a clean environment could
increase along with environmental awareness. Moreover, ur-
banization can ease environmental problems by creating pos-
itive externalities, economies of scale, and efficient public
services such as pipeline water, health services, proper waste
management, and environment-friendly infrastructure (Pata
2018a; Danish and Wang 2019; Erdogan 2020). Therefore,
it may be said that one is not able to judge the overall effect
of urbanization on environmental degradation. In other words,
either urbanization could reduce environmental pollution or
mounts it up. Based on these theoretical discussions, the im-
pact of democracy on environmental degradation is investi-
gated with a linear model as shown below (Eq. 1). Due to data
constraints, the annual data used in this study covers from
1990 to 2015 for 26 OECD countries.

LnEFi;t ¼ β0 þ β1LnGDPi;t þ β2LnRNECi;t

þ β3LnNRNECi;t þ β4LnDMCi;t

þ β5LnURi;t þ di φið Þ þ ui;t ð1Þ

where t represents the time period (1990–2015), i is the
cross-section (26 OECD countries), and φ is the unobserved
common factors. The β1, β2, β3, β4, and β5 are the parame-
ter coefficients, β0 is the constant, and u is the error term.
LnEF is the log of ecological footprint per capita, LnGDP is
the log of the gross domestic product per capita (constant 2010
US$), LnRNEC is the log of renewable energy consumption
calculated as a share of renewable energy consumption in total
final energy consumption, LnNRNEC is the log of non-
renewable energy consumption calculated as a share of fossil
fuel energy consumption in total final energy consumption,
LnDMC is the log of democratic accountability index, and
LnUR is the log of urban population (% of the total popula-
tion). Consequently; GDP per capita, renewable energy con-
sumption, non-renewable energy consumption, and urban
population were obtained from the World Development
Indicators Online Database (2019). However, the democratic
accountability index was obtained from International Country
Risk Guide that published by the PRS Group (International
Country Risk Guide 2018), and the ecological footprint per
capita was obtained from the Global Footprint Network
(2019).

Cross-sectional dependency and slope homogeneity

The possible dependence of errors could occur due to the
omitted common effects, spatial effects, and the relationship
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between socio-economic networks; furthermore, it could arise
as a result of unobserved general shocks, using a single cur-
rency, common agro-climate environment, and policies
adopted by the central authority, and so on (Basak and Das
2018: 2; Chudik and Pesaran 2013: 2). Traditional panel esti-
mators that do not consider cross-sectional dependency can
produce misleading or even inconsistent parameters based on
the extent of cross-sectional dependency and has either low
test size and power or over test size or power (O’Connell
1998; Sarafidis et al. 2009; Baltagi and Pirotte 2010; Chudik
and Pesaran 2013; Basak and Das 2017). Hereby, the cross-
sectional dependency must be tested in the first stage of em-
pirical analysis; to this end, we employed the Bias-Adjusted
LM (LMadj) test developed by Pesaran et al. (2008).

In addition to the cross-sectional dependency, another im-
portant issue to be investigated is whether the slope coeffi-
cients are homogeneous. In most empirical studies, it is gen-
erally assumed that the slope coefficients are homogeneous.
However; this pre-assumption does not reflect the reality, and
if characteristic features of the countries, firms, etc., are not
included in the panel data models, this would lead to biased
estimation and inference (Pesaran and Yamagata 2008: 50;
Nazlioglu et al. 2011: 6618; Breitung et al. 2016:166). The
effects of economic growth, renewable and non-renewable
energy consumption, and democracy on environmental qual-
ity may depend upon the energy, development, and institu-
tional policies of countries. The assumption of slope homoge-
neity for OECD countries in examining the nexus between
these variables may be misleading. Therefore, it is important
to investigate whether slope homogeneity is valid for reliable
findings before applying standard panel data techniques. The
homogeneity of the slope coefficient was investigated with the

delta tilde test, denoted eΔ, and delta tilde adjusted test denoted
eΔadj that developed by Pesaran and Yamagata (2008)1.

Estimation method

It is clearly known that the traditional panel cointegration es-
timators do not consider cross-section dependency. To over-
come the cross-section dependency issue, the Augmented
Mean Group (AMG) estimator developed by Eberhardt and
Bond (2009) and Eberhardt and Teal (2010) was employed.
AMG approach allows the estimation of coefficients of vari-
ables that have different levels of stationarity under cross-
sectional dependence. Furthermore, the AMG approach al-
lows to slope heterogeneity and gives robust results under
even the variables are cointegrated or not cointegrated. In that
case, it could be said that there is no need to implement any
unit root and cointegration methods as a preliminary analysis

before implementing the AMG approach. Ultimately, the
AMG method performs well under possible endogeneity and
gives robust heterogeneous or homogenous coefficient esti-
mations (Eberhardt and Bond 2009: 5; Parker and Liddle
2016: 40; Eberhardt and Teal 2013). The parameters are ob-
tained in two stages with the AMG estimator. First, it aug-
ments the pooled regression model with time dummies and
this model (2) is estimated by first difference OLS (Eq. 2):

Δyit ¼ βΔxit þ ∑
T

t¼2
λtΔDt þ eit ð2Þ

yit ¼ ai þ βixit þ di φið Þ þ eit ð3Þ

whereΔ is the first difference operator, yit is the dependent
variable, xit is set of regressors, Dt is time dummies (starting
from the second period as they are differenced) that used to
estimate the dynamic effect, and λt is coefficients of time
dummies. In the second stage of the estimation procedure,
coefficients of time dummies (λt) that are collected in the first
stage are turned into a variable (φt) shared across panel units.
The variable φt represents the unobserved common factors
that are potentially driving the variables in each panel unit.
Ultimately, Eq. 3 is estimated for each section and group-
specific model parameters are averaged across the panel
(Neal 2015: 16-17; Atasoy 2017: 737).

Empirical results

Cross-sectional dependence and slope homogeneity tests re-
sult denoted in Table 1. According to the results of the cross-
sectional dependency test, the null hypothesis of no cross-
sectional dependency is rejected at a 1% level. One can expect
the cross-sectional dependency in OECD ecological footprint
per capita data because of the following reasons: (i) common
agro-climate environment, (ii) common global shocks like the
2008 Financial Crisis, (iii) initiatives and agreements since the
StockholmConference, and (iv) shared institutions such as the
International Energy Agency, United Nations, and aims that
result from treaties such as Kyoto Protocol, MDGs, and
SDGs. Based on these findings, it can be said that environ-
mental degradation in 26 OECD countries is highly dependent
on each other. Hence, environmental degradation shocks in
one country would probably affect other countries.

Besides, the homogeneity tests indicate that the null
hypothesis of slope homogeneity is rejected at a 1%
level. This finding simply implies that panel estimation
methods that impose homogeneity restrictions to the re-
lated variable would lead to misleading inferences.
Therefore, in order to avoid inconsistency and mislead-
ing inferences, we used an AMG estimator which con-
siders cross-sectional dependency and does not impose
homogeneity restrictions on the variables.

1 The bias-adjusted LM (LMadj), delta tilde, and delta tilde adjusted tests are
widely used methods in economic literature; therefore, we did not introduce it
one more again.
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Table 2 presents the results of the AMG estimator.
According to the estimation results, an increase in GDP per
capita increases environmental pollution, and this finding sup-
ports the inferences of the EKC hypothesis for the initial pe-
riod (Acaravci and Akalin 2017; Aslan et al. 2018; Pata
2018b; Destek and Sarkodie 2019; Erdogan 2020; Erdogan
et al. 2020b). Although the GDP per capita in OECD countries
has experienced a modest average growth level for a long time
and their income level is very high compared with the rest of
the world (OECD 2019), it is seen that the quality of the
environment still decreases with the growth. The main reason
for this could be the high use of non-renewable energy sources
in the growth process and the use of old-fashioned production
technologies. This segment of the findings is consistent with
Fredriksson et al. (2005), Farzin and Bond (2006), You et al.
(2015), Charfeddine and Mrabet (2017), Lv (2017),
Farzanegan and Markwardt (2018), and Kim et al. (2019).
However, this finding is not consistent with Pellegrini and
Gerlagh (2006), Bernauer and Koubi (2009), Buitenzorgy
and Mol (2011), Gani and Scrimgeour (2014), and Adams
and Acheampong (2019). Moreover, an increase in renewable
energy consumption reduces the ecological footprint, while an
increase in non-renewable energy consumption exacerbates
the ecological footprint, and these findings consistent with
expectations and former literature. Although the polluting ef-
fect of fossil fuels on environmental pollution is widely
known, overall, 82% of global energy consumption was
sourced from non-renewables in 2017. Having such a high

share of non-renewable energy consumption leads to a decline
in fossil fuel reserves and exacerbates environmental prob-
lems, resulting in increased health risks and the threat of glob-
al climate change. According to the fifth report of the
Intergovernmental Panel on Climate Change, the main cause
of global warming and climate change is carbon dioxide emis-
sions from the burning of fossil fuels (Chen et al. 2019: 208).
In contrast, renewable energy consumption has the following
advantages and opportunities: (i) has the potential to provide
services with almost zero emissions of both air pollutants and
greenhouse gases (Panwar et al. 2011: 1514), thus making it
possible to combat global warming and climate change, in-
crease air quality, and improve public health; (ii) can lead to
social and economic development by increasing employment
opportunities (Ellabban et al. 2014: 756); and (iii) can provide
lower costs, stable energy prices, and supply reliability. This
segment of the findings is consistent with Adams and
Acheampong (2019). However, this finding is not consistent
with Adams and Nsiah (2019).

Furthermore, the impact of urbanization on the ecological
footprint is negative; yet this impact is not statistically signif-
icant. This segment of the findings is consistent with Liddle
and Lung (2010), Sharma (2011), and Sadorsky (2014).
However, this finding is not consistent with Adams et al.
(2016), Ozturk et al. (2016), and Danish et al. (2020).
Finally, the detrimental effect of democracy on environmental
pollution is especially striking, and this finding contradicts a
major part of the literature. This result illustrates the poor
ability of democracy to solve environmental issues among
OECD countries. In other words, democracy may protect
individual property rights, promote entrepreneurial freedom,
and encourage economic growth, but it may not help with
reducing environmental pollution or provide clean and
sustainable ecology. Buitenzorgy and Mol (2011) state that
fledgling democracies could contribute to the deterioration
of the environment; however, this logic may not apply to
OECD countries. Although the OECD includes some young
democracies, it also includes mature and strong democracies
such as the UK, France, and the USA. Thus, making general-
izations about a democracy’s effect on environmental degra-
dation based on its age and strength may be misleading. The
adverse impact of democracy on the environment might be
caused by its functioning dynamics rather than its maturity.
For instance, lobbying groups that consist mostly of industry

Table 2 AMG estimator results

Variable Coefficient t statistic Prob.

Income 0.944*** 12.01 0.000

Renewable energy − 0.120*** − 2.64 0.008

Non-renewable energy 0.486* 1.85 0.064

Democracy 0.066** 2.00 0.045

Urbanization − 1.362 − 1.46 0.144

Constant − 2.686 − 0.60 0.547

CDP 0.970*** 7.79 0.000

Statistical significance indicated as * significant at 10%, ** significant at
5%, and *** significant at 1%. Variable CDP refers to the common
dynamic process

Table 1 Cross-sectional dependency and homogeneity tests results

Cross-sectional dependency tests Homogeneity tests

Test Statistic p value Test Statistic p value

LMadj 3.576 0.000 eΔ 14.915 0.000
eΔadj 15.680 0.000
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owners may pressure decision-makers to prioritize economic
growth and development over ecological concerns, and envi-
ronmental lobbying groups may not have as much impact.
Moreover, because governments are elected for a limited pe-
riod in democracies, their tenures occasionally expire without
fulfilling their environmental commitments. For example, the
USA signed the Paris Agreement under President Obama, but
President Trump withdrew from the agreement. In other situ-
ations, political instability may sometimes prevent politicians
from serving their terms of office, which could disrupt eco-
logical actions and policies. This segment of the findings is
consistent with Arvin and Lew (2011), Buitenzorgy and Mol
(2011), Gani and Scrimgeour (2014), Lv (2017), and
Charfeddine and Mrabet (2017). However, this finding is not
consistent with Pellegrini and Gerlagh (2006), Li and
Reuveny (2006), Bernauer and Koubi (2009), Adams et al.
(2016), Adams and Klobodu (2017), Kashwan (2017),
Farzanegan and Markwardt (2018), Kim et al. (2019),
Adams and Acheampong (2019), Adams and Nsiah (2019),
and Usman et al. (2020).

Conclusions and policy implications

The MDGs were a major milestone for promoting universal
economic development as well as fighting against environ-
mental degradation. However, assuming both economic de-
velopment and environmental degradation require a compre-
hensive and holistic approach, reducing these complex issues
to an eight-goal road map was not a sustainable solution.
Therefore, to remedy the deficiencies of MDGs, the SDGs,
announced in 2012 and instituted in 2015, were designed.
However, the SDGs ignited a new debate about whether the
goals are antithetical. The institutions, as well as democracy–
environment interaction, are one of these discussion topics,
and these discussions are far from reaching a consensus. To
contribute to unveiling the democracy-environmental pollu-
t ion nexus, this s tudy explores the democracy–
environmental degradation nexus from 1990 through 2015
in 26 OECD countries using the ecological footprint, a com-
prehensive environmental indicator, as a dependent variable
and GDP per capita, renewable and non-renewable energy
consumption, democratic accountability index, and urbaniza-
tion as regressors.

In the first part of our analysis, we performed cross-
sectional dependency and homogeneity tests, which revealed
that there is a cross-sectional dependence in the panel model
and the slope coefficients are heterogeneous. To estimate the
long-term relationship between variables, we used the AMG
approach in the second part of our analysis. The AMG esti-
mation results and its corresponding policy implications are as
follows: an increase in economic growth decreases environ-
mental quality. To eliminate the environmental cost of

economic growth, it would be better to adopt a more inclusive
and eco-friendly development approach that substitutes
pollutant-production technology based on nonrenewable re-
sources, with technologies that use eco-friendly renewable
resources.

Democracy has an aggravating effect on environmental
degradation. Therefore, the regulatory agencies could reduce
the adverse effect of democracy on the environment by limit-
ing the power of lawmakers to permit excessive resource use.
Thus, by deflecting the impact of private economic interests
through government regulation, the adverse effect of democ-
racy on the environment would be reduced. In addition, to
ensure the sustainability of environmental policies, govern-
ments should declare an “ecological constitution,” which is
not affected by political elections and thus cannot be easily
changed. Furthermore, decision-makers should create new
platforms for demanding environmental improvements and
ensure that inspection mechanisms are put in place to monitor
these changes.

While non-renewable energy consumption has a nega-
tive impact on environmental quality, renewable energy
consumption has a positive impact. This finding indicates
that countries with a high share in renewable energy con-
sumption could provide a sustainable solution to environ-
mental problems. Therefore, to ease the environmental bur-
den of economic development, decision-makers should
promote the consumption of renewable energy.
Furthermore, a growth approach that uses resources more
efficiently provides eco-friendly transport facilities, and
adopts greener production technologies, not pushed by un-
wise consumption, is necessary. Such a growth and devel-
opment approach could help eliminate poverty without
destroying forests, polluting air and water, and harming
agriculture. Such major policy changes require internation-
al collaboration and initiatives, and international organiza-
tions such as the UN’s Sustainable Development Solutions
Network should actively encourage the adoption of the
green-growth approach in environmental diplomacy.
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