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Abstract
This article assesses the path of environmental degradation under the environmen-
tal Kuznets curve framework in Nordic European countries using data spanning the 
period 2005–2019 and employing the ordinary least squares techniques. The find-
ings reveal evidence of a U-shaped structure; meaning, economic growth during the 
study period under the Norden “Green Deal and Action Plans” impulse remains on 
a pathway in which environmental quality is not yet improved. Further, there is no 
leveraging effect that changes the U-shaped structure into and inverted U-shaped. 
However, Nordic countries are characterized by the existence of the Pollution Halo 
Effect. Indeed, foreign direct investment inflows lead to increase use of advanced 
technologies and improved management practices. These results are robust to the 
use of different techniques such as alternative dependent variables, addition of con-
trol variables in response of the likely attrition bias, test of non-belonging to Euro-
zone features, and quantile analysis. As policy implications, Nordic European coun-
tries should amplify environmental management practices and policies to achieve 
low carbon footprint production or consumption in their economies, as well as pur-
sue on a long-term basis, initiatives for a Green Nordic label, and energy efficiency 
as settled in the Norden Environmental Action Plan.

Keywords Norden Environmental Action Plan · Economic Complexity · Ecological 
Footprint · Carbon Emissions · Nordic European Countries · Environmental Kuznets Curve
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Introduction

Combating climate change and environmental degradation has been a priority for 
the developed and developing world (Apergis et al., 2023). This is because climate 
change imposes an existential threat on the globe while already presenting sizeable 
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economic costs to countries through its negative effects on health outcomes (Neira 
et  al., 2014), increase of forest fires (Flannigan et  al., 2000; Michetti & Pinar, 
2019; Seidl et al., 2017), and decrease of agricultural returns (Lobell et al., 2011; 
Ray et al., 2019), among others. Sparking from the initial Kuznets’ curve (Kuznets, 
1955), an extensive body of literature has emerged in this area. The environmental 
Kuznets curve (EKC) posits an inverted-U relationship between pollution and eco-
nomic development. Kuznets’ name was apparently attached to the curve by Gross-
man and Kruegger’s (1991, 1993, 1995) seminal works which noted his resemblance 
to Kuznets’s inverted-U relationship between income inequality and development 
(Dasgupta et al., 2002).

With these recent environmental concerns described above and the related chal-
lenges, there has been an increase in global action to mitigate the consequence of 
environmental degradation and climate change. As underlined by Apergis et  al. 
(2023), the 26th United Nations (UN) Climate Change Conference of the Parties 
(COP26), held in Glasgow in 2021, has addressed these environmental issues and 
urged countries to act to secure global net zero emission by 2050; the Global Energy 
Review report of International Energy Agency (IEA, 2021) estimated that carbon 
emissions increased by almost 5% in 2021. In the same strand, achievements in 
terms of environmental quality and economic expansion targets are determinant in 
the European Environmental Agency Countries (EEA-32). Given that Nordic Euro-
pean countries are all members of that organization, it could be interesting to evalu-
ate the effects of their agenda achievement carried on through their “Green Deal” 
initiative and their Environmental Action Plans. This agenda represents the main 
environmental strategy of Nordic countries.

Indeed, in 2019, the Nordic community1 (Denmark, Finland, Iceland, Sweden, 
and Norway) have built a cooperation with the aim of making the Nordic Euro-
pean Region the most sustainable, competitive, and integrated in the world by 2030 
through 15 indicators (Nordic Statistic database, 2022). Prior to this, a Nordic Envi-
ronmental Plan was put in place for the period 2013–2018 as well as 2021–2024 as 
part of an effort to maintain a strong Nordic community that promotes inclusive green 
development, environmental values, and Nordic cooperation in a strong Europe. In 
this stream, environmental values also refer to initiatives and actions that could help 
to control climate change and air pollution. This can be realized by achieving targets 
in mitigating GHG in the Arctic region, protecting biological diversity, and control-
ling chemical’s negative impacts on human health. A key point is to discuss at length 
the environmental challenges facing by the Nordic countries, such as the urgent need 
for a new and binding international climate agreement (Norden, 2012, p.4).

Overall, the Nordic countries place great importance on regular monitoring and 
tracking of changes in environmental conditions, as well as on assessing the evo-
lution of changes or degradation in well-being. They also promote the importance 
of valuable ecosystem services in improving well-being through natural capital. By 
strengthening social and environmental education to ensure that “Nordic society as a 

1 This Nordic community also involves the Faroe Islands, Greenland, and Aland.
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whole is aware of the vital importance of ecosystem services,” the Nordic countries 
are taking an important step (Norden, 2012, p.5).

All these efforts of the Nordic countries communities are a demonstration of Nor-
dic countries’ environmental leadership in the EEA-32 as well as in international 
environmental conventions. Secondly, the ambition to actively play a key role in 
green achievements such as strong inclusive green development with sustainable 
production capacity building, sustainable consumption pattern, and resource effi-
ciency provides a field of investigation and questioning whether the increase in 
income is linear or non-linear with environmental quality in this specific region.

Within the theoretical underpinning of the economic tools applied to the evalua-
tion of how greenness or not could be the economic growth path (1), environmen-
tal performance (2), and environmental externalities theory (3), the main objective 
and importance of this study is to assess whether the efforts made and popularized 
by the Nordic countries through the different Norden Environmental Action Plans 
have passed or not a sustained environmental inflection point within the EKC frame-
work. From an initial standard polluting economy, the area after the inflection point 
describes a green growth economy pathway. Therefore, the study analyzes whether 
the EKC hypothesis is verified in the Nordic European countries. Moreover, the 
“Green Deal” is continuously implemented in the Nordic countries. Currently, the 
“Climate and Environmental Action Plan for Nordens hus 2022–2024” which pre-
sents Vision 2030 states that the Nordic Region will become the most sustainable 
and integrated region in the world by 2030, with the initiative divided into three 
strategic priority areas: A green Nordic Region, a competitive Nordic Region, and a 
socially sustainable Nordic Region.

Justification for EKC Framework

The EKC framework describes characteristics of pollution emissions, environmen-
tal quality, or environmental improvements (Stern, 2017), in relation to changes in 
economic growth. Therefore, as established and widely discussed by2 Data and De 
(2021), Fakher (2019), Marinas et  al. (2018), Xepapadeas (2005), Dasgupta et  al. 
(2002), Panayotou (1993, 1995, 1997), and the World Bank (1992), the early stages 
of economic growth show an increase in pollutant emissions associated with a 
degradation in environmental quality. However, after a certain level of per capita 
income, there is a reversal of this environmental degradation trajectory, establishing 
an inverted U-shaped configuration between environmental quality and economic 
growth. In the present study, as methodological orientation, the environmental qual-
ity is captured through CO2 emissions and Ecofootprint. This selection has been 
done among many other indicators available in the literature where under the pre-
requisite of data availability, environmental quality could be also proxied by indica-
tors such as adjusted net savings, environmental fragility, level of nitrous oxide or 

2 Other references are Cole and Neumayer (2004), Stern (2004), Shafik and Bandyopadhyay (1992), 
Stern (1998), Chen (2016), and Panayotou et al. (2000).
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methane emissions, air quality, biodiversity, degree of environmental sustainability, 
or environmental performance (Boleti et al., 2020; Shahbaz & Sinha, 2018).

According to Shahbaz and Sinha (2018), the inverted-U pattern is generally valid 
in transitional, emerging, and developed countries, while developing countries with 
low elasticity of high environmental quality may exhibit a U-shaped pattern. Unfor-
tunately, with respect to the literature, the EKC hypothesis appears to be inconclu-
sive on this previous conclusion, because results may vary according to the mod-
eling strategies, indicators used, sample length or specification, and data. As results, 
U-shaped structure could also be verified in developing or developed countries, as 
well as in low-, medium-, and high-income economies. As an illustration, Raihan 
(2023) investigated with DOLS estimation method how different factors such as 
urbanization, industrialization, tourism, renewable energy consumption, economic 
growth, agricultural productivity, and forest area can affect environmental quality 
through carbon emission. While urbanization, economic growth, tourism, and indus-
trialization contribute to the increase of CO2 emissions, renewable energy consump-
tion, agricultural production, and forest area lead to its decrease.

The EKC hypothesis has been widely studied in European countries, but the 
approach in this study has received little attention and represents a gap that needs to 
be filled in the literature. In fact, the aim is to conduct an investigation of the EKC 
hypothesis in two main parts: First, the assessment is made in the initial sample in 
which five Nordic European countries are combined. Second, the panel sample is 
further divided into two sub-groups by making a clear distinction between Nordic 
European countries which are using Euro currency and Nordic European countries 
that are not members of the Eurozone system. The reason for this distinction is that 
the Nordic countries are considered to form a national bloc (Schewe, 2015) among 
European countries on the one hand, and they seem to have some green specificity.

On the other hand, as Sääksjärvi (2020) points out, they are considered to have 
a more private sector–oriented environmental governance, and they seem to influ-
ence the environmental policy processes of the European Union as analyzed by 
Panke (2010). With this distinction between countries, the aforementioned incon-
clusive and scattered results of the EKC surveys are further confirmed in the lit-
erature regarding the Nordic countries. While some of them are characterized by an 
inverted U-shaped relationship, other Nordic countries show a U-shaped (Kar, 2021) 
or N-shaped structure.

In view of the above, the Nordic countries—within the framework of 
the different Norden Environmental Action Plans up to the current one 
(2021–2024), the European Union Environmental Convention, Agenda such 
as the Eco-Innovation Action Plan, agreements and policies strategies such as 
the EU Low Carbon Roadmap 2050—are making deep structural changes to 
achieve and strengthen eco-development in order to establish a relationship 
between environmental quality and economic growth. It is therefore assumed 
in this study that green innovation as well as the knowledge process induced 
by the stronger green technological development reflects a specific economic 
transformation of European countries, which could be interpreted as an increase 
in economic complexity (Hausmann & Hidalgo, 2011; Hausmann et  al., 2007, 
2011; Hidalgo & Hausmann, 2009). This indicator has the ability to explain and 
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predict structural transformation outcomes deriving from economic expansion 
to abatements obtain in the intensity of pollution emissions level and income 
inequality (Hausmann et  al., 2014). In this context, Grossman and Krueger’s 
(1995) theoretical EKC framework that helps to investigate the relationship 
between economic growth and the environmental quality can be considered 
theoretical underpinning of this article.

Hypotheses and Contributions of the Study

Thorough the related hypothesis, five objectives are tested in this paper, and they 
could be summarized as follows: First, using the initial econometric model which is 
inspired by Panayotou et al. (2000) and Tchapchet-Tchouto (2023), the paper inves-
tigates whether the EKC structure is valid in the sample (Hypothesis 1). Second, 
the attention is focused on whether economic complexity can have a strong lever-
aging effect to transform a U-shaped structure into an inverted U-shaped structure 
in Nordic European countries (Hypothesis 2). Third, given that this concern has 
received little attention with recent data, it must be addressed in a context where 
economic complexity is endowed with sustainability and technological innovation 
skills (Hypothesis 3) and is capable of playing a decisive role. In fact, this is to take 
into account the fact that Nordic countries are always promoting low carbon emis-
sion goods consumption and production strategies, as well as efficient energy use. 
Fourth, given the configuration of the sample, the study assumes and takes up the 
advantage provided by the currency heterogeneity feature (Hypothesis 4) among 
Nordic countries economies. This feature offers here the possibility of an alternative 
investigation for robustness purposes. Indeed, the currency criterion easily allows 
us to capture if the non-belonging to the Eurozone could be a source of heterogene-
ity. Fifth, we test the Pollution Halo Effect (PHE) by interpreting the relationship 
between the FDI and CO2 emissions. Sixth, within the quantile analysis (Koenker & 
Bassett, 1978) that is used as robustness check approach, the study also investigates 
whether heterogeneity among countries can be explained through a threshold effect 
(Hypothesis 5).

Thus, the strategy described through these previous objectives represents a nov-
elty in the literature that examines the EKC hypothesis in the Nordic European 
countries. To shed light on the outcomes of Nordic environmental improvements 
characterized by the predominance of the “Green Deal” and the Norden Environ-
mental Action Plan objectives, the study outlines empirical investigations to enrich 
the literature with appropriate clarifications. As main contributions of this study, the 
first strand of the results strongly suggests that the EKC structure is not valid in the 
Nordic countries where a U-shaped relationship between environmental quality indi-
cators and economic growth is found to be robust. Furthermore, the second strand of 
the results shows that the leveraging effect of the economic complexity that consists 
to check whether accounting for economic sophistication through Economic Com-
plexity Index (ECI) features could change the U-shaped structure into an inverted 
U-shaped is not valid in the Nordic countries.
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For robustness checks, additional control variables strategy could be useful to 
check for a likely omitted variables bias. These variables are used for testing the 
forest resource curse hypothesis, openness to merchandise trade scenario, and  the 
spillover effect of incoming investment flows that account for the PHE hypothesis. 
Therefore, the third strand of the results evidence the existence of the PHE as it is 
found that FDI inflows lead to increase use of advance technologies and improved 
management practices in these economies. Other important aspects of the economic 
structure are taken into consideration through the addition of population growth, 
outgoing investment flows, price fluctuation scenario that reflected by inflation, 
tax applied on goods and services for fiscal features, electricity infrastructure, and 
diversification of the economy with the development of the service sector. Then, 
ecological footprint as an alternative dependent variable is also tested with the same 
estimation method. In addition, robustness is concluded with quantile analysis esti-
mations that account for countries’ threshold effects.

This study contributes to a number of research areas. As such, firstly, the contri-
butions made here are filling a gap within the literature and are contributing to the 
debate on the investigation of the EKC hypothesis in the Nordic area that usually 
acts to influence the environmental policies and decisions in the European Union 
as well as in the European Environmental Agency countries. Secondly, given that 
the technological innovation skills do not have the expected leveraging effect in the 
Nordic countries, this study thus contributes in the sense of technological assess-
ment by documenting the Pollution Halo Effect characterized in these economies 
through the usage of high standards of technological capabilities compatible with 
economic sophistication features that can allow to expect a different outcome in the 
future. Thirdly, the initiatives in this article differ from the previous studies in line 
with the EKC hypothesis investigation in the Nordic countries, in the sense that it 
documents a strong relationship between economic performance—through the 
usage of Gross National Income per capita—and environmental quality (1); in addi-
tion, by testing for the first time the ECI’s leveraging effect in this context (2), by 
taking into account among Nordic countries, the criterion of non-belonging to the 
Eurozone that can be capture through four Nordic countries (3). Fourthly, differ-
ent estimation techniques through alternative dependent variable, control variables, 
and quantile estimation method provide insights for supporting the robustness of the 
findings and policy implications.

Indeed, the study suggests that in the perspective to achieve EU Low Carbon 
Roadmap 2050, Nordic European countries should continue to act for sustainable 
structural transformation. This describes a path where high value of environmental 
quality associates to low values of carbon emissions will be related to high standards 
of income per capita and less inequality.

The remainder of the paper observed the following organization: the “Related 
Literature” section deals with the related literature, the “Data Sources and Statistics 
Measurements” section presents data sources and describes the statistics measure-
ments, and the “Presentation of the Methodological Framework” section presents 
the model, estimation strategy, and results, including robustness checks and discus-
sion. The last section concludes and draws some policy recommendations as well as 
future research directions.
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Related Literature

The EKC framework assumes the existence of an inverted U-shaped relationship 
between environmental quality and country’s per capita income. This idea has 
attracted increasing interest (Caviglia-Harris et al., 2009). It is frequent that ongoing 
environmental degradation is used to be observed in wealthier countries although 
they are generally engaged with different policies and strategies in international 
agreement objectives that aim at mitigating greenhouse gases (GHG) and pollu-
tions targets issues. Specific driver can cause environmental degradation affecting 
advanced and emerging economies with different intensity and severity (Cavlovic 
et al., 2000). This will be investigated in the two groups of countries with different 
institutional characteristics, but belonging to the same whole sample. Thus, the most 
important factors that fueling economic growth and environmental quality or degra-
dation are essential to address a more appropriate response to environmental issues.

If theoretical studies have emphasized with a certain consensus about the ana-
lytical properties around the relationship between economic growth path and its 
environmental footprint closed to production activities and consumption behavior,3 
this does not seem to be the case for empirical works with a discrepancy in results 
mostly based on the nature of the energy used4 (renewable versus non-renewable). 
Instead of human factor’s impact on the environment (IPAT5) analysis framework,6 
the EKC hypothesis has predominantly became with time a core framework for the 
debate concerning environmental quality and growth.

The following literature review is mainly focusing first on studies in rela-
tion directly to Nordic European countries globally or in a single-country analysis 
approach (1), before tackling the ones that could indirectly concern Nordic econo-
mies through their link with Europe or OECD otherwise (2).

In the five Nordic countries, Urban and Nordensvärd (2018) have studied the low 
carbon energy transition comparative analysis with energy use per capita, total and per 
capita carbon emissions as proxy of environmental quality over the period 1960–2015. 
Overall, mitigate results are found with the evidence of EKC hypothesis which is mostly 
verified in Denmark, often in Sweden and Iceland, less in Finland, and never in Nor-
way. With data of heterogeneous panels spanning from 1981 to 2018, Kar (2021) studied 
the CO2 emissions and economic growth nexus in the five Nordic countries by using 
the augmented mean group (AMG) estimation method, when energy consumption and 
financial development matter. The EKC hypothesis is found to be valid in Denmark 

3 Dasgupta et al. (2002), John and Pecchenino (1994), John et al. (1995), Selden and Song (1994), Cole 
(2007), Galeotti et al. (2006), Panayotou (1997)
4 Particularly in the literature that deals with European countries: Data and De (2021), Ma et  al. 
(2021), Xu et al. (2020), Ali et al. (2020), Alsayed and Kun Sek (2013) for renewable energy; Jozwik 
et  al. (2021), Topolewski (2021), Dogan et  al., (2020), Balcilar et  al. (2020), Li et  al. (2020), Destek 
et al. (2016), Bozkurt and Okumus (2019), Al Mulali et al. (2015), Figuero and Pastén (2009), and Suri 
and Chapman (1998), Richmond and Kaufmann (2006a, b), Shahbaz et al. (2017), Ansari et al. (2020), 
Altıntas and Kassouri (2020), and Chen (2016) for non-renewable energy.
5 Environmental impact (I), population (P), affluence (A), and technology (T).
6 Dinda (2004), Bimonte and Stabile (2017).
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and Iceland, while it is invalid elsewhere. With a different approach, Tapsin and Yazici 
(2014) investigated the same relation with data over the period 1960–2010, using means 
of panel data analysis. There is no evidence of EKC structure. However, they highlighted 
evidence of an N-shaped structure between economic growth and environmental quality 
proxied by carbon emissions. Using an autoregressive distributed lag (ARDL) cointe-
gration approach with quadratic and cubic equation functions, Baek (2015) investigated 
the EKC hypothesis with CO2 emissions in the Arctic region. The five Nordic coun-
tries of this present study are represented in the seven Arctic countries selected by Baek 
(2015). While considering the role of energy consumption, the study is conducted in the 
period 1960–2010. In this study, findings show that Arctic countries are characterized by 
a U-shaped structure, while energy consumption exacerbates the environmental quality. 
A significant role of economic growth in the ability to mitigate CO2 emissions is estab-
lished by the results in Iceland unlike other Arctic countries.

In a single-country analysis approach, Pakrooh and Brännlund (2021) focused 
on Sweden by deeping with a similar ARDL to test for the EKC structure with data 
spanning 1990 to 2019. Their findings show that the EKC hypothesis is valid from 
the 1996 turning point. In this context, the sectoral approach provides the scope to 
underline the importance of effective fossil-related policies to be initiated in the ser-
vice sector which is highly under the influence of transportation activities. Always 
in Sweden, Bese (2018) outlined that EKC hypothesis is not confirmed with ARDL 
bound causality tests over the period 1960–2014. Shahbaz et al. (2017) studied Swe-
den economy with data on the timeframe 1850–2008 and Friedman multivariate 
adaptive regression splines (MARS), threshold cointegration estimation methods. 
EKC hypothesis is found to be valid with a turning point in 1967, and a non-linear 
cointegration is characterized between economic growth and carbon emissions. Thus, 
with two different estimation method and timeframe data, results are inconclusive in 
Sweden. With the same estimation method, Zambrano-Monserrate et al. (2016) per-
formed a similar study in Iceland where an inverted U-shaped is characterized with 
data spanning 1960–2010 and consideration in addition of trade liberalization.

The second strand of the literature review below extends this analysis to the con-
tributions indirectly related to Nordic countries. The indirect link here is captured 
through the lense of the belonging to the European area or OECD alternatively.

In a global country investigation streamline, Neagu and Teodoru (2019) used fully 
modified ordinary least square (FMOLS) and dynamics ordinary least squares (DOLS) 
with data from 1995 to 2016 to evaluate if production quality can positively influence 
damages on the environment among 25 European countries. Both groups of authors 
disaggregated their sample countries by level of development, and they found that there 
is a positive effect of the production quality through the economic complexity process 
only for low- and medium-income development level countries. Knowing that economic 
sophistication indicator is based on countries’ exportation features, studies such as Mania 
(2020) and Apergis et al. (2018) have examined the relationship between exports and car-
bon emissions under EKC hypothesis in 19 developed (high-income) countries.7 They 

7 Austria, Belgium, Canada, Denmark, Finland, France, Germany, Italy, Japan, The Netherlands, New 
Zealand, Norway, Portugal, Spain, Sweden, Switzerland, the UK, USA, and Uruguay.
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stand to verify whether a diversification in productive structure yields to an increase in 
exports and how this leads to lower CO2 emissions. As OECD is concerned, Churchill 
et al. (2018) studied the EKC hypothesis in a group of 20 countries with data spanning the 
period 1870–2014. Concerning the EKC structure, their results show some heterogeneous 
figures. Indeed, evidence of EKC structure was found only in nine countries with differ-
ent specificities: indeed, an inverted U-shaped was found in five countries, whereas an 
inverted N-shaped in one country and finally N-shaped in three countries.

Fakher and Inglesi-Lotz (2022) have studied the role of renewable, non-renewable  
energy consumption on the environmental quality in OECD and Organization in 
Petroleum Exporting Countries (OPEC) on the period 2000 to 2019. Using continu-
ously update fully modified and bias-corrected inverted N-shaped is found in OPEC 
countries, whereas inverted U-shaped is characterized in OECD countries. The main 
variables tested in the study are showing that non-renewable energy consumption is 
significantly detrimental to the environmental quality, while renewable energy con-
sumption is improving environmental quality. The approach of this study is similar 
to that of Fakher, Ahmed, Acheampong et al. (2022) and Fakher, Ahmed, Alvarado 
et al. (2022) which mainly focused also in OPEC countries on the role of six envi-
ronmental indicators that describe environmental quality. Using AMG, Driscoll and 
Kraay, and Prais-Winsten estimation techniques, Nathaniel et al. (2023) showed the 
negative effect of international tourism, economic growth, and population on envi-
ronmental quality. Technological innovation, foreign direct investment, and renewal 
energy participate to the decrease of CO2 emissions.

Also related to the European context, in a single-country analysis approach, Can 
and Gozgor (2017) investigated with DOLS the existence of EKC in France while 
taking into account economic complexity and energy consumption, with data span-
ning from 1964 to 2014. Results established that a negative relationship between 
economic complexity and environmental degradation and they have also introduced 
economic sophistication as a differentiating element of production volume.

In sum, it is noticed that many types of variables have been used to approximate 
the environmental quality, with findings generally inconclusive concerning the EKC 
hypothesis in European countries in general as well as in Nordic countries espe-
cially. Among all the literature, few studies have investigated in Europe the effects 
of taking into account the structural change through economic complexity while 
investigating around the EKC hypothesis, and to the best of our knowledge, no study 
is using the currency zone criteria to apply in sub-group samples for this concern. 
The discrepancy with the studies of Mania (2020) and Apergis et al. (2018) comes 
from the fact that they have essentially focused on how exportations are affecting 
environmental quality and how diversification in productive component could lead 
to an upward trajectory of exportations. Moreover, the leveraging effect of eco-
nomic complexity hypothesized and extensively investigated in this study has not 
yet been tested in Nordic European context. Therefore, this present study sheds light 
on these issues by starting at an aggregate level with the whole sample of Nordic 
European countries where economic complexity is tested. The criterion of currency 
zone is introduced only after the sample disaggregation. This study also differs with 
the existent literature because it is not focusing on financial development (Fakher 
Ahmed,  Acheampong et  al., 2022; Fakher, Ahmed, Alvarado et  al., 2022) and 
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renewable or non-renewable energy (Fakher & Inglesi-Lotz, 2022; Nathaniel et al., 
2023). However, all these studies are sharing the same framework of environmental 
Kuznets curve.

Literature review on Nordic countries shows that although there seems to be a 
consensus on two countries (Denmark and Iceland) in which the EKC hypothesis 
is often verified, except Norway, the situation of the other countries is unclear. Fur-
thermore, studies that considered Nordic countries as a whole like in the approach 
of this paper have received very little attention as seen in the literature. For the few 
existing ones on the issue, their finding concludes in favor of the non-validity of 
the inverted U-shaped in the Nordic countries. Nevertheless, while looking after the 
economic complexity effect in the sample as well as the non-Euro currency Nordic 
countries sub-sample, the outcome of taking into account the effect behind the non-
belonging criterion to the Eurozone is also considered.

All the aforementioned discrepancies set us apart from the existing literature. 
Since Nordic countries are analyzed as a whole sample, the approach here is similar 
to that of Tapsin and Yazici (2014).

Data Sources and Statistics Measurements

Data Sources

This study employs macroeconomics variables data on a sample of five Nordic 
European countries8 obtained from the World Development Indicator (WDI) of the 
World Bank database. The time scope of the data is 2005–2019 with the determinant 
driver for the cross-country sample and study period established according to the 
criterion of data availability, mainly the Economic Complexity Index on the period, 
without missing values in the series of many key variables. Regarding the fact that 
among the selected countries, the main economies in terms of GDP and economic 
leadership in the Nordic region are included in the sample of this study; the absence 
of little components of Nordic area could not generate a statistical analysis selection 
bias in this study. While Table 1 presents the Nordic countries descriptive statistics, 
Table 2 presents the matrix of correlation of Nordic countries.

Dataset 1: Dependent and Independent Variables

Carbon emissions available in metric tons per capita are the dependent variable, 
and Ecofootprint index is used as alternative dependent variable in robustness 
check. The interest variable is Gross Nation Income (GNI) per capita considered 
in logarithm form, which is considered in purchasing power parities in current 
international dollars to reflect the income level of each country. It is used as a 
measure of economic growth because data of the alternative variable (GDP per 

8 Denmark, Iceland, Norway, and Sweden (non-Eurozone Nordic country members) and Finland (Euro-
zone Nordic country member).
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capita) which is usually used with this topic were not totally available on the time-
frame for all countries. National investment, foreign direct investment inflows and 
outflows, and trade openness variables are used as a percentage of GDP.

Dataset 2: Sets of Control Variables

Popgrowth is the annual population growth rate for a year expressed as a percent-
age. Electrickwh in kWh per capita provided in logarithm measures the electric 
power consumption produced. Taxgoodservrev is the taxes on goods and services 
as a percentage of revenue, while forestrentgdp and servicevagdp are, respec-
tively, forest rents that allow us to hypothesized a forest resource curse scenario 
and value added in service as a percentage of GDP that allow to consider the 
scenario of specialization of Nordic countries economies or diversification with 
others activities. The consumer price index reflects the annual percentage change 
in the cost to the average consumer of acquiring a basket of goods and services 
described by the inflation.

Dataset 3: Economic Sophistication Data

A third group of variables is defined as control variable designed by Economic 
Complexity Index (ECI) that plays a key role in the estimation’s process. This vari-
able is obtained from the Atlas OEC database. It is used to demonstrate the effect 
of economic complexity regarding the baseline result scenario, and as in Hausmann 
et al. (2007), this variable is likely to be closely related to economic sophistication.

Table 1  Descriptive statistics Nordic European countries

Authors’ construction

Variable Obs Mean Std. Dev Min Max

CO2 emissions 75 7.181 2.049 3.265 12.726
Ecological footprint 60 6.541 0.769 5.214 8.423
Gross Nat. Income per capita 75 10.756 0.209 10.379 11.189
Economic Complexity Index 60 1.326 0.477 0.392 2
Investment 75 2.001 0.521 0.748 3.518
Mse trade 75 56.584 6.256 43.522 67.959
FDI inflows 75 2.776 6.663 -28.307 31.738
FDI outflows 75 3.584 10.354 -28.968 47.184
Inflation 75 2.209 2.201 0–494 12.694
Population growth 75 0.832 0.572 -0.144 2.678
Electricity cons. in kwh (Ln) 75 9.734 0.689 8.508 10.911
Forestry rent in %Gdp 75 0.021 0.015 0 0.053
Tax on good and service in % of revenue 75 33.789 5.31 21.28 40.409
Service value added in % of GDP 75 60.116 4.954 48.159 66.72
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Descriptive Statistics Measurements of Nordic Countries

In the benchmark analysis except ecological footprint and economic complexity in 
Nordic countries and taxes on goods and services, the set of variables is available. 
On average, carbon emission indicator is set at a maximum of 12.726 with a mean of 
3.265 in Nordic countries, while ecological footprint is set at a mean of 6.541 with a 
maximum of 8.423.

Variables characteristics from descriptive statistics show that there is a broader 
dispersion between countries or a great heterogeneity among countries of the panel. 
There are countries that emit more than others, since their level of emission is far 
above the mean. Therefore, pollution control efforts will be important (resp. low) 
in countries with a higher (resp. lower) level of carbon emissions than in countries 
with low (resp. high) level of carbon emission. Based on these specificities, environ-
mental policy schemes through environmental taxes could present a discrepancy in 
their implementation.

Production structure can offer a second length of interpretation. All the countries 
of the panel in the Nordic countries have a positive level of economic complexity 
that also indicates their capacity of exporting sophisticated product abroad (also 
see Trade statistics). They are characterized by a good level of income per capita 
in average, a high level of taxation of goods and services (up to 40.409), a mean of 
inflation around the average of European countries, and an important contribution 
of service sector in the value added with an average of 60.12. FDI inflow level 
indicates that some countries are attractive to foreign direct investment, others 
are not, and are also characterized by important capital outflows. Electricity 
consumption is in line with production level, proxy by Gross National Income per 
capita. Thus, these statistics describe the economic dynamism of Nordic economies 
countries.

Based on the data presented above in this section, empirical analyses are assessed 
with the methodological framework described below.

Presentation of the Methodological Framework

Estimation Strategy

In this study, the relationship between carbon emissions and economic growth is 
suggested, with a different specification of economic growth. The approach here dif-
fers from the others in the literature because Gross National Income (GNI) per cap-
ita is used instead of other measure of economic growth as Gross Domestic Product 
(GDP) per capita, for example. Following the literature review and given the previ-
ous approaches of Panayotou et al. (2000) and Tchapchet-Tchouto (2023), the first 
equation is used to test the basic EKC hypothesis as follows:

(1)CO2
i,t = �0 + �1GNIit + �2GNI

2

it
+ �

k
X
k,t
+ u

i
+ v

t
+ �

it
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Then, economic complexity term is introduced and that gives this second regres-
sion equation:

In these equations, the subset t is a time variable, CO2
i,t is the carbon emission 

level per capita, and �0 is the scale parameter. ECI
i,t is the Economic Complexity 

Index in each country, with the idea that this variable can be a significant determi-
nant of CO2 emissions. X

k,t is a vector of control variables defined in Dataset 2, sub-
section “Data Sources.” �1, �2, and �3 are the coefficients of Gross National Income 
and Gross National Income Square and Economic Complexity Index, and �

k
 is a 

vector of the coefficients of the control variables which will be determined.

EKC Structure Hypotheses

�1and�2 Are expected to be positive and negative, respectively, to validate an envi-
ronmental Kuznets curve (EKC) in European economies countries, u

i
 is an unob-

served country-specific effect, v
t
 is a time-specific effect, and �

it
 is the error term. 

Besides, �3 < 0 will be required for the country to benefit from reductions in envi-
ronmental degradation as economic complexity increases.

Economic structure is describing by the explanatory variables that are invest-
ment, trade, and foreign direct investment inflows. Concerning explanatory vari-
ables, except national investment, it is expected in this study that an increase in for-
eign direct investment inflows and merchandise trade leads to an increase in carbon 
emissions and therefore a degradation of the environmental quality. Among control 
variables, it is expected from this study that the level of population will exacerbate 
the environmental quality and the effect of the tax on good will not harm the envi-
ronmental quality.

Empirical Results

In this section, the presentation of the results is organized in three parts. While the 
first part is dealing with baseline empirical results of the whole sample, the second 
part is focusing on the analysis from the strategy that consists in testing the non-
Eurozone Nordic countries belonging sub-sample. Finally, taking into account the 
currency zone features, the third part is dealing with the effects of this characteristic.

The Effects of Economic Growth on Carbon Emissions

The baseline empirical results are presented in Table 3, columns (1) to (5). The find-
ings are highlighting the effects of Gross National Income per capita and selected 
explanatory variables on carbon emissions. First of all, the rationale behind the sign 
of the coefficient obtained through the results is showing evidence of the fact that 
Nordic countries are characterized by a U-shaped structure.

(2)CO2
i,t = �0 + �1GNIit + �2GNI

2

it
+ �3ECIi,t + �

k
X
k,t
+ u

i
+ v

t
+ �

it
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Consistent U‑Shaped Structure in Nordic Countries Without ECI Leveraging Effect

At this stage, the significance of the results is analyzed. Table 3 shows in columns 
(1) to (12) in the whole sample of the Nordic countries, a significant result for 
the independent variables Gross National Income per capita (GNIpc) and Square 
of National Income per capita (GNISQ). While columns (1) to (5), (7), (8), (10), 
and (11) show results that are significant at 5%, columns (6), (9), and (12) disclose 
significance at 1% level. Results here include the first sensitivity test with control 
variables. The interpretation of EKC hypothesis in the results is based on the coef-
ficient signs. Here, GNIpc is associated with a consistent negative coefficient, while 
GNISQ coefficient is confirmed to be positive even in the sensitivity analysis. These 
results indicate that in the whole sample, Nordic countries are basically character-
ized by a U-shaped relationship between carbon emissions which is a proxy of envi-
ronmental quality and economic growth.

Furthermore, to capture the issue of omitted variables, a first sensitivity test is 
performed by adding more control variables in the baseline estimations (see Table 3 
columns (6) to (11)). As also shown in Table 3, sensitivity test with economic com-
plexity variable, used as additional explanatory variable, is introduced in column 
(12), and the effects from the baseline results scenario are also checked.

In the second part of the empirical results, the objective is to investigate if the 
non-belonging to a currency zone such as “Euro Currency Zone” could be the 
source of heterogeneity in the initial results. Therefore, the study focuses on the 
strategy that consists in the verification of the validity or not of the EKC hypothesis 
in the non-Eurozone Nordic countries sub-group. The reason that justifies the focus 
on the non-Eurozone instead of the Eurozone or both areas is mainly based on that 
Finland is the only Nordic country to adopt Euro currency. This has conducted to the 
impossibility to use the panel data only for a single country. The EKC hypothesis is 
then tested in a sub-group of four Nordic countries.

Therefore, Eqs. 1 and 2 are re-estimated in the sub-sample of non-Euro currency 
countries, and Table 4 presents the results. As in the previous approach, testing the 
model with ECI variable following Eq. 2 is to investigate if there is any change or 
not from the U-shaped structure hypothesis (see the columns in each table with ECI 
in Table 4).

U‑Shaped Structure in Nordic Non‑Euro Currency Countries

Given the results in Table 4, a conclusion can be made with evidence of non-EKC 
structure in this sub-sample of Nordic countries. In fact, for Nordic non-Euro cur-
rency countries, results in columns 1 to 11 from Table 4 above provide the combi-
nation of signs affecting GNI and GNISQ that confirm the U-shape structure but 
only column (1) presents a significant result with 1% level of significance. Similarly, 
results depicting the U-shaped structure in Table  4 are found with a 1% level of 
significance in column (5), 5% level in columns (2), (4), (7), and (12), and 10% in 
column (6).
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At all, in both the whole sample and non-Euro currency countries, adding control 
variables including ECI confirms these findings. In fact, both columns 12 (Table 3 
and 4) show that there is no evidence of leveraging effect of ECI.

Figure 1 shows that the non-Euro currency Nordic sub-groups of countries are 
presenting a U-shaped structure and the slope of the line representing the relation 
between CO2 emissions and economic growth in Euro currency countries is more 
slanted to the right than in non-Euro currency countries. This could be an indication 
to the fact that pollution control efforts in Euro currency Nordic countries seem to 
have a much more effective results comparing to the non-Euro currency countries. 
High values of income per capita are much related to low values of carbon emission 
in Euro currency Nordic countries. Even the slope tend to be negative on non-Euro 
currency Nordic countries, the improvement of environmental quality in terms of 
CO2 emissions level average is very slow, regarding the slope of the line.

The other interpretation that can be extracted from this graph is that even the 
trends are showing that Nordic sub-group countries are converging in general in a 
stage where the improvement of the environmental quality is related to the increase 
of income per capita. The Nordic countries did not yet reach the turning point that 
leads to the inverted U-shaped which characterized the EKC structure.

After this result mainly based on the additional control including ECI that has been 
estimated in the whole sample as well as in the non-Eurozone sub-sample, a step for-
ward will consist in sensitivity analysis by looking after the estimation results while 
using an alternative method of robustness in view to assess how robust the results of 
this research are. It consists in a selection of an alternative measurement of environmen-
tal quality as presented below in the next section, followed by results and discussions.

Further Robustness Check

This section focuses on another method of robustness check. Then, proceeding with eco-
logical footprint (Ecofootprint) being used as an alternative dependent variable. It repre-
sents a valuable proxy of carbon emissions and thus of environmental quality. Results of 
the estimations that have been performed by using both equations in the sub-group of non-
Euro currency Nordic countries are presented in Table 5. Figure 2 shows and confirms in 
non-Euro currency Nordic countries the initial shape of the slope obtained previously in 
baseline results. In fact, the results show here for non-Euro currency Nordic countries, the 
confirmation of the observation that has been previously established in Fig. 1.

At this stage, this study explores the results presented in Table  5. Indeed, in 
Table 5, except columns (2), (11), and (12) where the findings indicated 5% level of 
significance, U-shaped structure is found with 1% level of significance in the other 
columns in the non-Euro Nordic countries. The results are robust and consistent 
with additional variables, including when ECI is taking into account under Eq. (2).

Quantile Analysis in Nordic Countries

The approach here consists in a non-parametric test by using quantile analysis in the 
whole sample of Nordic countries. The aim is to investigate if the U-shaped is confirmed 
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by this method of estimation or not. So, this method is a robustness check of the base-
line results to the extreme or the threshold values of the dependent variable (CO2 emis-
sions used as proxy of the environmental quality). Moreover, it allows us to outline if the 
panel of the Nordic countries is characterized by the existence of any heterogeneity on 
the fractions of the dependent variable (conditional mean or other quantiles). While OLS 
is looking for conditional means of the dependent variable across values of the inde-
pendent variables, following Koenker and Bassett (1978), quantile regression estimates 
the conditional median or other quantile of the dependent variable across the value of the 
independent variables. It is used to explain more useful predictive relationships between 
variables in case there is a weak or partial relationship between the means of such vari-
ables. This method is used in robustness because the study investigates the case whereas 
the conditions of linear regression such as homoscedasticity, normality, linearity, or 
independence could not be met. Therefore, using all the previous control variables, four 
fractions of the dependent variable have been studied with this estimation technique.9

Table 6 presents the estimation results by quantile where GNI and GNISQ per 
capita in column (1) provide the sign that confirms the U-shaped structure in the 
first quantile (0.25) considered low-income Nordic countries; however, the result 
obtained is not significant. The findings also confirm the initial U-shape structure 
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Source: Author's Construction from Stata 17

CO2 Emissions versus Economic Growth in Nordic and Non Euro Currency Countries

Fig. 1  Carbon emission versus economic growth in Nordic non-Euro currency countries.

9 Koenker (2005), Kocherginsky et al. (2005), and Tarr (2010) have tested different sizes of observations 
that could be used with quantile estimation method.
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with 1% level of significance within quantiles (0.50) and (0.90), and 5% in quantile 
0.75. Figures 3 and 4 in the “Appendix” section present the dependent variable in 
each quantile as well as the coefficient for each regressor by quantile.(Table 7)

Discussion

Following these results, it can be concluded that the first hypothesis that aims to inves-
tigate whether the EKC structure is valid in the Nordic countries is not verified. In 
response to the second hypothesis, economic complexity does not have the expected 
leveraging effect that can transform a U-shaped structure into an inverted U-shaped 
structure, even it is endowed with sustainability skills according to the third hypothesis. 
Regarding the fourth hypothesis, once countries are disaggregated regarding the cur-
rency criterion, there is also no leveraging effect in each sub-group of Nordic countries. 
Finally, quantile analysis provides a scope to characterize threshold heterogeneity among 
Nordic countries due to the difference of the magnitude of the effects obtained from each 
country’s threshold (Hypothesis 5).

Most of other works that deals with Nordic European countries have adopted a 
single-country modeling approach. Meanwhile, this study does not perform esti-
mations of each single country separately in the approach of this article. It differs 
from the previous studies because the currency criterion is used in the subdivision 
of each sub-group and the effect of economic complexity is tested. The findings also 

Source: Authors’ Construction
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differ from the recent studies that tend to highlight the predominance of individual 
country’s heterogeneity when investigating EKC structure with CO2 total emissions 
in some countries such as Denmark, Iceland, and Sweden (Urban & Nordensvärd, 
2018). There is also a difference in results with Kar (2021) and Bese (2018) who 
investigated the EKC structure with CO2 emissions per capita in Denmark, Iceland, 
Finland, and Sweden, but the inverted U-shaped has been found only in Denmark and 
Iceland. Meanwhile, these authors also find no evidence of EKC hypothesis existence 

Table 6  Quantile analysis results in Nordic countries with ECI

Standard errors in parentheses 
Authors’ construction
*p < 0.1, **p < 0.05, ***p < 0.01

Dependent variable: carbon emissions per capita

Variables Quantile 25 Median 50 Quantile 75 Quantile 90

GNI per Cap. (in Ln)  − 77.41728  − 180.79797***  − 169.84118**  − 232.25032***
(73.60360) (63.44994) (78.33097) (19.92538)

GNI square 3.36518 8.14502*** 7.58784** 10.40799***
(3.42543) (2.95289) (3.64543) (0.92730)

Investment  − 0.47264  − 1.32319**  − 1.09437*  − 1.41207***
(0.57492) (0.49561) (0.61185) (0.15564)

Mse trade  − 0.04910  − 0.01163  − 0.05178  − 0.06485***
(0.05164) (0.04452) (0.05496) (0.01398)

FDI inflows  − 0.05051  − 0.00934 0.06180 0.05293***
(0.04813) (0.04149) (0.05122) (0.01303)

FDI outflows  − 0.02324  − 0.05626  − 0.06909  − 0.04550***
(0.04901) (0.04225) (0.05216) (0.01327)

Inflation 0.23811* 0.22082* 0.26130* 0.15051***
(0.13818) (0.11912) (0.14706) (0.03741)

Pop. Growth 0.85530 0.41555  − 0.95567  − 1.10134***
(0.67899) (0.58532) (0.72260) (0.18381)

Electricity (in Ln)  − 3.53843***  − 2.39734***  − 2.07584**  − 1.99646***
(0.96893) (0.83526) (1.03116) (0.26230)

Forest rent %GDP 110.91360*** 107.28628*** 56.90588** 81.57953***
(21.12645) (18.21205) (22.48335) (5.71919)

Tax on goods and Serv. Revenue 0.09153 0.07070 0.00630  − 0.08690***
(0.08653) (0.07460) (0.09209) (0.02343)

Service VA %GDP  − 0.41808***  − 0.29278***  − 0.32196**  − 0.20754***
(0.11897) (0.10256) (0.12661) (0.03221)

Economic Complexity Index 1.19347  − 0.19312  − 0.30843 0.09404
(0.93300) (0.80429) (0.99292) (0.25257)

Constant 504.20932 1,047.92966*** 999.95778** 1,341.19474***
(389.37234) (335.65820) (414.38074) (105.40779)

Observations 60 60 60 60
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in the other countries of the Nordic region as in this paper. The findings in this study 
are in the same streamline with the results established by Baek (2015).

On another length, the findings here differ from those of Tapsin and Yazici (2014) 
and partially Churchill et  al. (2018) that established the evidence of an N-shaped 
showing that income growth increases environmental degradation until a threshold 
point, following by a decline of the CO2 emission. However, after a certain point, 
a further increase of the income leads to an increase of environmental degradation. 
Churchill et  al. (2018) also characterized the existence of an inverted U-shaped, 
as well as an inverted N-shaped in OECD countries that strongly diverge with the 
results of this study. According to energy used, U-shaped structure has been found 
in Finland, Iceland, Sweden, and Norway by Urban and Nordensvärd (2018) as in 
the approach adopted here which differs by the use of CO2 emissions, but inverted 
U-shaped is characterized in Denmark by these previous authors.

Conclusion

Within the context of “the Green Deal” and the Norden Environmental Action 
Plans, this study empirically investigates the validity of the EKC hypothesis in Nor-
dic European countries using carbon dioxide emissions per capita (and ecological 
footprint considered alternative measure of the dependent variable for robustness 
checks). Covering the five countries of the Nordic European region, the data spans 
the period 2005–2019. The results show the evidence of a consistent U-shaped 
structure in the Nordic countries within the different estimation methods.

Indeed, the results are robust to additional control variables (1). This includes eco-
nomic complexity scenario that is used to simulate the effects of a sustained structural 
change. Structural change here could be defined as the proficiency of Nordic coun-
tries in low carbon emission goods production, obtained under efficient energy used 
in the production process. The finding of this study is also robust non-Euro currency 
Nordic countries sub-sample (2). As the main conclusion regarding one of the impor-
tant objectives of this study, there is no leveraging effect of the economic complexity 
that could modify the U-shaped into an inverted U-shaped neither in Nordic countries 
(3) nor in the sub-sample constitutes by non-Euro currency countries that are belong-
ing to the Nordic region (4). Therefore, the present study concludes that the non-Euro 
currency criterion is not a source of heterogeneity at this stage.

With quantile analysis, there is a differentiated effect between each quantile, char-
acterized by the existence of a threshold heterogeneity (5). Though it was found from 
data analysis that high values of income per capita are progressively much related to 
low values of carbon emission in Nordic countries, a conclusion can be made regard-
ing empirical results that Nordic countries are not yet at the turning point level that 
leads to the inverted U-shaped structure (4). However, given that from the results, 
it is evident to conclude that FDI inflows are improving management practices and 
increasing use of advanced technologies in Nordic economies and the study charac-
terizes the existence of the PHE in the Nordic European countries.

Some policy implications arise from these findings: First, Nordic economies need 
to continuously develop low carbon footprint production and consumption model 
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such as environmental standard targets from the “Green Deal” and Norden Environ-
mental Action Plans. Second, they need to pursue on a long-term basis, initiatives 
to converge to a Green Nordic label, energy efficiency while adapting sustained 
consumption behaviors given under economic cycle constraints.10 Third, to support 
green production, compensation mechanisms through subsidies to the production 
sector, for example, can be used.

The main caveat of this study could be associated to the timeframe of the study. 
Unfortunately, this is directly related to the data unavailability. Therefore, with time, 
once data will become available, this will offer the possibility as one future research 
direction, to investigate if the efforts popularized throughout the “Green Deal” and the 
Norden Environmental Action Plans have pushed the Nordic European economies after 
the inverted U-shaped inflection or turning point. Furthermore, taking environmental 
tax11 into consideration can provide the perspective to test how environmental policy 
designs with this tool in Nordic countries can influence the level of GHG generated by 
industrial activities, transportation sector, or energy production, among others.

11 See Andersson (2019), Lin and Li (2011).

10 Tchapchet-Tchouto et al. (2022).

Source: Authors’ construction
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Source: Authors’ computation
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Table 7  Variables, symbols, and sources of data

Source: Authors’ construction

Variables Definitions Sources

GNI per Capita Gross National Income Per Capita (GNI) WDI Database (2021)
GNI per Capita Square Gross National Income Per Capita Square (GNISQ) Authors’ calculation
ECI Economic Complexity Index OEC Database
Investment Investment OECD Database (2021)
Forest rent in %GDP Forest Rent in percentage of GDP WDI Database (2021)
Electricity Electricity Consumption in Kwh (in Ln) WDI Database (2021)
Tax on goods and serv Taxes on goods and services in percentage of 

revenue
WDI Database (2021)

Mse trade Merchandise Trade WDI Database (2021)
Pop. growth Population Growth WDI Database (2021)
Inflation Inflation WDI Database (2021)
FDI inflows Foreign Direct Investment Inflows WDI Database (2021)
FDI outflows Foreign Direct Investment Outflows WDI Database (2021)
Ecofootprint Ecological Footprint per Capita Global Footprint Net-

work database (2022)
CO2 Emissions Dioxide of Carbon Emissions per Capita WDI Database (2021)
Service VA %GDP Service Value Added in % of GDP WDI Database (2021)
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