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Abstract: The growing concern for environmental sustainability drives efforts toward balancing
economic growth with responsible resource management. Forests represent invaluable green assets
central to combating climate change and supporting biodiversity. This research investigates the
intricate interaction between forest resources and economic and green performances within the
European Union (EU). The European Union, as a conglomerate of diverse member states with
varying forest endowments and economic contexts, provides a rich framework for examining these
connections. This paper applies structural equation modeling (SEM) and cluster analysis to a
dataset collected from Eurostat. This study’s empirical findings underscore the multidimensional
relationship between forest resources and green and economic performances. The findings reveal
significant positive relationships between economic and green performances and forest resources and
a negative relationship between greenhouse gas (GHG) emissions and forest resources, implying a
decline in GHG while green and economic performances increase. Cluster analysis identifies distinct
groups of EU countries exhibiting similar profiles concerning forest management and economic and
green performances. The cluster analysis results highlight the necessity for tailored strategies and
policy benchmarking that acknowledge the heterogeneity of EU member states and their unique
combinations of forest resources, economic structures, and ecological commitments.

Keywords: forest resources; economic performance; green performance; GHG; European Union

1. Introduction

Research on the intricate relationships between forest resources, economic perfor-
mance, and environmental sustainability has evolved in an era marked by increasingly
evident climate changes and growing concerns about environmental conservation. In the
current global context, where environmental concerns and sustainable development have
become focal points of the international agenda, the European Union (EU) has solidified its
commitment to address these issues in an integrated and holistic manner.

Forest resources, with their entire biological and functional diversity, are crucial in
maintaining ecological balance at European and global levels [1]. They significantly con-
tribute to carbon dioxide absorption, hydrological regulation, biodiversity conservation,
and habitat provision for numerous species. However, alongside these ecological benefits,
forests and their resources hold substantial economic significance. The forest industries
provide essential raw materials that contribute to job creation and generate substantial
revenue within national economies and the global market [2]. Forest resources are vital
to terrestrial ecosystems, significantly impacting the environment and the economy. Si-
multaneously, economic performance and sustainable development are essential objectives
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within contemporary societies. Nevertheless, the interdependencies between these aspects
have grown increasingly complex and pivotal for our planet.

In the European Union, these interactions have become subjects of intensive research
and integrated policies. The EU has adopted ambitious strategies to combat climate change
and preserve biodiversity, recognizing the importance of forests in achieving these goals [3].
Consequently, there is a pursuit to create synergy between environmental protection,
economic development, and societal well-being. The European Union is actively engaged
in a concerted effort to establish a profound synergy among environmental protection,
economic progress, and enhancing the quality of life for its citizens. This strategic approach
reflects a broader vision of harmonizing environmental stewardship with the imperative
of fostering economic growth, all while ensuring the well-being and satisfaction of its
diverse population.

EU member states have a remarkable diversity in forest resources, economic circum-
stances, and ecological commitments. Some countries within the EU possess vast forested
areas, while others have limited resources. Economic situations also differ significantly,
ranging from highly industrialized economies to those heavily reliant on agriculture and tra-
ditional sectors. Furthermore, individual states within the EU may have distinct ecological
commitments and priorities.

Sustainable forest management is essential for sustainable development at all levels [4].
Forest resources hold significant importance for economic performance and constitute a
vital component concerning the green performance of an economy [5]. In this context,
efficient forest management must attain multiple objectives, including maintaining for-
est production and regeneration capacity and conserving biodiversity and ecology [6].
Sustainable forest management extends beyond economic aspects, involving a holistic
approach that accounts for forest ecosystems’ manifold functions and benefits [5]. For
instance, forests provide timber and materials, regulate hydrological cycles, prevent soil
erosion, offer habitats for biodiversity, and contribute to capturing and storing atmospheric
carbon. Consequently, sustainable forest management has profound implications for the
environment, society, and economy [6].

Ongoing climate changes present a global challenge that has garnered significant
attention from governments, leading to the initiation of actions for circular and green
economies with reduced emissions. Forest resources are critical in achieving a sustainable
economic performance that enables a good green performance [2]. Forest resources, in-
cluding their carbon capture capacity, play a role in pollution control. They are renewable
natural resources of the planet, pivotal in economic development and the conservation
of the natural ecosystem [7,8]. Over time, researchers have conducted studies on climate
changes affecting forest resources. These resources, in turn, influence significant climate
changes due to extensive deforestation worldwide to meet the elevated demand for wood
products driven by the economic growth of developed and developing countries and the
rapid urbanization of a growing population. Consequently, global forest resources have
continually decreased [9–12].

This article aims to explore and analyze these intricate connections in the European
Union context, providing robust empirical evidence. This study contributes significantly
to understanding the complex relationships between forest resources, the economy, and
environmental sustainability within the EU, addressing this research gap. Given this
multifaceted landscape, it is imperative to investigate and comprehend these intricate
relationships within a comprehensive and adaptable framework. This approach allows
for tailored strategies considering each member state’s specific characteristics and needs,
fostering a harmonious balance between environmental preservation, economic prosperity,
and societal well-being across the European Union.

This paper’s structure includes a literature review after an introduction. Afterward,
this paper exposes the research methodology, and Sections 4 and 5 present results and
discussions. The conclusions summarize the findings of the research.
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2. Theoretical Framework and Hypothesis Development

Forest resources are a crucial source of production materials, critical in driving eco-
nomic growth [13–16]. The academics [7,16–20] assert that forest resources are affected
by socioeconomic factors, such as economic growth, population growth, the urbanization
rate, and environmental protection policies. Pursuing economic performance significantly
negatively impacts forest resources, while pursuing green performance influences them
positively [21,22]. Balancing forest management sustainably and equitably is crucial to
aligning economic needs with conserving the natural environment and protecting biologi-
cal diversity.

The transformation of industrial structures driven by environmental protection im-
peratives yields benefits for efficient resource utilization and optimized production tech-
nologies [23]. Prevailing research predominantly focuses on the effects of environmental
policies or ecological regulations [24–26], while research concerning the relationships be-
tween economic and green performances and forest coverage remains relatively limited [27].
Various researchers [28,29] have indicated that environmental protection policies aiming at
reducing GHG emissions can lead to increased pollution emissions, as these policies are
structured to transfer costs into the future, accelerating fossil energy exploitation and di-
minishing the effectiveness of GHG reduction [30]. GHG reduction strategies in developed
countries can also lead to the offshoring of emissions [31]. This phenomenon highlights the
importance of taking a holistic approach to addressing climate change.

The concept of a low-carbon economy is built upon implementing technological inno-
vations and institutional reforms aimed at transforming industrial and energy production
processes, reducing dependency on fossil fuels, and promoting a mutually beneficial rela-
tionship between economic growth and environmental protection. Forest resources are a
crucial vector for achieving circular and green economies, improving quality of life, and
combating CO2 emission pollution through carbon capture functions. Forest resources
are essential natural assets that shape sustainable economic growth worldwide [32,33].
Simultaneously, uncontrolled economic growth reduces forest resources, contributing to a
pronounced increase in GHG emissions [34].

The potential impact of forest-based carbon sequestration through various forestry-
related emission reduction activities, such as afforestation, reforestation, forest conservation,
and sustainable forest management, and their efficiency relative to costs could play a
significant role in environmental sustainability by reducing global greenhouse gas (GHG)
emissions at a lower cost compared to other GHG reduction technologies. This concept is
supported by recent studies such as that conducted by Begum et al. [35,36]. Thus, proactive
measures in the forestry sector can yield a considerable impact in reducing GHG emissions
and subsequently mitigating the impact of climate change.

In examining the relationship between forest resources and economic growth, indica-
tors such as deforestation, the forest area, the forest coverage rate, the timber production or
timber stock volume, GDP per capita, geographic characteristics, and political factors have
been used as indicators for economic performance [11,16,19,37–39].

This study’s first hypothesis is grounded in the relationship between forest resources,
represented by the forested area in each EU state, and economic and green performances,
represented by the GDP per capita and the SDG Index for each EU state:

Hypothesis 1 (H1). Economic and green performances and forest resources have a significant
positive relationship.

Economic performance refers to assessing a country, region, or organization’s success
in achieving its economic objectives and goals. It is typically measured using various
economic indicators, with Gross Domestic Product (GDP) being one of the most common.
Green performance focuses on evaluating an entity’s actions and outcomes regarding
environmental responsibility and sustainability. Green performance aims to minimize
adverse environmental impacts and enhance ecological sustainability. In our paper, green
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performance is represented by the orientation towards sustainability illustrated by the SDG
score. The SDGs encompass various economic, social, and environmental objectives to
create a more sustainable and equitable world by 2030. The Sustainable Development Goals
Index score (SDGi) is a valuable tool to assess a country’s progress in achieving the United
Nations’ 17 Sustainable Development Goals. The SDG Index score involves systematic
goal and indicator selection, data collection and processing, and applying statistical and
mathematical techniques.

The conceptual model is presented in Figure 1.
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The paradox of increasing GHG emissions is typically analyzed from the perspective
of harm to the biosphere. Halicioglu [40] and Magazzino [41] highlight that the real GDP
drives energy consumption and CO2 emissions, findings validated by recent studies [42–45].
Climate change and environmental degradation impact economic sustainability [3,46–48],
generating potential negative implications of climate change on economic activity and
affecting the population welfare. Managing climate risks at the EU level necessitates
proactive management based on identifying relationships between economic and green
performances, GHG emissions reduction, and forest resource coverage—the most signifi-
cant CO2 catcher [49]. The literature offers various approaches and hypotheses regarding
the relationship between economic growth and environmental pollution [3].

The OECD has proposed decoupling economic growth from resource consumption and
environmental pollution to address the challenges of climate change while improving the
overall well-being of societies [50–52]. Economic growth places more significant pressure
on the environment and resource consumption to achieve sustainable economic growth,
allowing good economic and green performances [53]. Sustainable economic growth seeks
to harmonize economic and green performances by ensuring economic development is
carried out to respect the environment, promote social well-being, and maintain long-
term viability. This approach is increasingly seen as a critical strategy for addressing
the dual challenges of economic development and environmental sustainability in the
modern world.

Though numerous studies analyze the dynamics of the relationship between growth
and CO2 emissions, few focus on the EU countries [3]. Therefore, research is a gap that must
be addressed to support the development of specific strategies for each country concerning
forest resources and economic and green performances.

Based on the findings of previous empirical research, we formulated the second
hypothesis of the study:
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Hypothesis 2 (H2). EU countries can be grouped into homogeneous clusters based on forest area,
economic performance, green performance, and GHG emissions variables.

3. Materials and Methods

The methodology in this study employed a robust and comprehensive analytical
approach tailored to identify connections between forest resources, economic performance,
and environmental sustainability within the European Union. This multifaceted approach
incorporated two essential analytical techniques: structural equation modeling and clus-
ter analysis.

Structural equation modeling (SEM) is a powerful tool for unraveling the intricate
relationships between forest resources, economic performance, and environmental sus-
tainability. It provided a systematic framework for identifying and quantifying direct and
indirect associations among selected factors. Structural equation modeling has proven to
be a valuable and versatile tool, and its application extends to numerous other studies
within the field of forestry. Many scholarly articles and research endeavors in forestry have
harnessed the power of SEM to explore complex relationships and interactions relevant
to forest management and environmental sustainability [54,55]. This method’s versatility
suits it to analyze the multifaceted dynamics between forest resources, ecological factors,
economic considerations, and environmental outcomes [56,57]. Appendix A (Table A1)
exposes a literature summary table on the relationships among the key variables used
in SEM.

In parallel, cluster analysis added a layer of insight to this study. By applying cluster
analysis, this research aimed to discern patterns, similarities, and differences among the
diverse member countries of the EU. This approach involved grouping countries with
comparable profiles based on various characteristics, including their forest resources, eco-
nomic performance, and environmental performance. Cluster analysis has demonstrated
its relevance and utility in forestry research, and its use extends to numerous other schol-
arly investigations [58–60]. In forestry research, cluster analysis has proven invaluable for
categorizing and understanding the diversity and similarities among forest ecosystems,
management practices, and ecological settings. Researchers have found it particularly
useful for grouping regions or forests with similar profiles based on various character-
istics, such as tree species composition, ecological factors, management strategies, and
environmental impacts [58,60].

The results of our analysis can reveal specific peculiarities and nuances in the relation-
ships between forest resources, economic performance, and environmental sustainability
within these unique country clusters. They allowed for a comparative examination of how
different groups of countries tackled these challenges and capitalized on opportunities,
highlighting best practices and policy approaches that might be tailored to each cluster’s
specific needs. Ultimately, this dual-pronged analytical and spatial approach provided a
comprehensive and nuanced understanding of the complex dynamics within the EU, en-
abling more informed decision making and policy formulation in environmental protection,
economic development, and forest management.

Table 1 presents the research variables.

Table 1. Selected variables.

Variable Dataset Measure

FOR_AREA Forest area Percentage of land area
GHG Greenhouse gas emissions intensity Index, 2000 = 100

GDPc GDP per capita in PPS Volume indices of real expenditure per
capita (in PPS_EU27_2020 = 100)

SDGi SDG Index score Aggregate score (1–100)
Source: Authors’ design based on collected data from Eurostat.
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These data covered the European Union member countries, facilitating a comprehen-
sive analysis at the regional level. Collecting and processing these data revealed the existing
patterns and trends concerning the relationships between forest resources, economic per-
formance, and environmental sustainability.

4. Results

Partial Least Squares Structural Equation Modeling was employed using Smart-
PLS v3.0 (SmartPLS GmbH, Oststeinbek, Germany) to investigate the H1 hypothesis
(Figure 2).
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The latent variables are forestry, economic and green performance, and GHG level.
The economic and green performance is a latent variable determined by two observable
variables: GDP per capita in PPS and SDG Index score. GHG is a latent variable determined
by an observable variable, greenhouse gas emissions intensity, while forestry is a latent
variable determined by an observable variable, forest area (% of land area). The model
exhibits good fit indices (SRMR 0.037 and NFI 0.980). The formative model should not
display excessive multicollinearity of indicator variables, according to Hair et al. [61].
Multicollinearity may be problematic if the variance inflation factor (VIF) exceeds 5 (Table 2).

Table 2. Multicollinearity.

VIF

FOR_AREA 1.000
GDPc 1.029
GHG 1.000
SDGi 1.029

Source: Authors’ design based on data using SmartPLS v3.0.

Table 3 exposes the total effects recorded between latent variables by running a basic
bootstrapping procedure with a bias-corrected, two-tailed 0.05 significance level using
SmartPLS 3.0.

Table 3. Specific indirect and total effects.

Original
Sample

Sample
Mean

Standard
Deviation T Statistics p Values

Forestry→ GHG 0.122 0.190 0.257 0.476 0.317
Performance→ Forestry 0.470 0.494 0.251 1.876 0.030

Performance→ GHG −0.629 −0.606 0.192 3.268 0.001
Source: Authors’ design based on data using SmartPLS v.3.0.
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The empirical model confirms the validity of the H1 hypothesis. There is a significant
relationship between forest resources and economic performance and countries’ orientation
towards green performance. While the positive impact of economic and green performance
on the GHG level provides robust values, forest resources do not have a significant influence
on the GHG level (p-value > 0.05) due to predominant factors, such as industrial activity,
transportation, and livestock farming, whose significant effects cannot be countered solely
by carbon capture by forested areas. The relationships from Table 3 confirm the validity
of the H1 hypothesis. There is a significant relationship between forest resources and
economic and green performance.

To investigate the H2 hypothesis, we used cluster analysis. The method used was
Ward linkage with a squared Euclidean distance interval. Figure 3 presents the resulting
dendrogram (SPSS v.27., IBM Corp., Armonk, NY, USA).
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Cluster A comprises countries with a high level of forest area (Table 4).
The values in this cluster range from 47.25% to 73.73% in forest areas. The forest area

mean for these countries is approximately 60.50%, while the EU mean is significantly lower
at 39.45%. These data suggest that the countries in the analyzed cluster have a higher forest
coverage than the EU mean. Despite their robust economic performance, these countries
exhibit lower GHG emissions than the EU mean. The GDP per capita records higher mean
values in these countries (101.33) than the EU mean of 90.13. The lower pollution levels
and the maintenance of the high forest coverage can also be explained by their orientation
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towards sustainability, with these countries achieving values (82.43) above the EU mean
(80.05). Countries in this cluster exhibit a higher forest coverage, lower GHG emissions,
good economic performance, and relatively strong performance in achieving sustainable
development goals compared to the EU mean. These observations can provide relevant
insights for assessing the environmental impact, economic development, and progress
toward sustainable development goals in that region.

Table 4. Cluster A.

FOR_AREA GDPc GHG SDGi

Austria 47.25 125 81.6 82
Latvia 54.81 72 81.0 80

Slovenia 61.47 89 87.4 80
Finland 73.73 114 65.3 86
Sweden 68.70 122 69.0 85
Estonia 57.04 86 64.5 81

Cluster A mean 60.50 101.33 74.80 82.43
UE mean 39.45 90.13 79.65 80.05

Source: Authors’ design based on data using SPSS v.27.

Cluster B encompasses countries with mean forest area values (Table 5).

Table 5. Cluster B.

FOR_AREA GDPc GHG SDGi

Portugal 36.15 76 76.3 79
Spain 37.18 83 76.7 80

Slovakia 40.06 72 73.4 79
Czechia 34.68 93 70.3 80
Greece 30.27 62 72.7 77

Bulgaria 35.86 55 88.2 74
Luxembourg 34.45 261 86.8 76

France 31.51 105 79.7 81
Italy 32.35 94 80.3 79

Poland 30.98 76 82.3 80
Croatia 34.65 65 86.9 79

Germany 32.68 123 84.5 82
Romania 30.12 73 85.6 78
Cyprus 18.67 90 101.0 74

Lithuania 35.15 88 104.2 75
Cluster B mean 32.98 94.40 83.26 78.13

UE mean 39.45 90.13 79.65 80.05
Source: Authors’ design based on data using SPSS v.27.

The forest area mean for these countries is approximately 32.98%, while the EU
mean is 39.45%. These data indicate that most countries in this cluster have lower forest
coverage than the EU mean. This cluster is relatively heterogeneous regarding economic
performance, including countries with solid performances above the European Union mean
(such as Luxembourg, Germany, France, Italy, Spain, and Czechia) and countries with lower
economic performances (such as Bulgaria, Croatia, and Greece). GHG emission levels are
generally higher in these countries (83.26%) compared to the EU mean of 79.65%. These
levels can be explained by lower forest areas and a poor green performance, as the SDG
Index score values vary between 74 and 82, with a mean of 78.13, below the EU mean
(80.05). Countries in this cluster have a lower forest coverage, relatively good economic
performance, higher GHG emissions, and weak green performance.

Cluster C includes countries with the lowest forest area values (Table 6).
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Table 6. Cluster C.

FOR_AREA GDPc GHG SDGi

Ireland 11.35 205 81.5 81
Netherlands 10.97 130 86.5 80

Belgium 22.76 119 84.9 80
Hungary 22.50 74 76.1 79
Denmark 15.71 133 61.6 85

Malta 1.44 98 68.6 77
Cluster C mean 14.12 126.50 76.53 80.20

UE mean 39.45 90.13 79.65 80.05
Source: Authors’ design using SPSS v.27.

The forest area values in this cluster spread from 1.44% to 22.76%. The forest area
mean for these countries is approximately 14.12%, significantly lower than the EU mean
of 39.45%. These data suggest that countries in this cluster have minimal forest coverage
compared to the EU mean. The reduced forest coverage in these countries may be attributed
to specific geographical factors. These countries achieve excellent economic performances
(excluding Hungary). GHG emission levels per production unit are generally moderate in
these countries (76.53) compared to the EU mean (79.65), which is potentially explained by
their relatively good green performance around the EU mean. Despite having a shallow
forest coverage, these countries’ good economic and green performance leads to moderate
GHG emissions.

The data in Tables 4–6 indicate substantial differences among countries concerning
forest areas, economic and green performance, and GHG levels. These differences enable
the grouping of countries into relatively homogeneous clusters, which can form the basis for
establishing sustainable economic development strategies. In conclusion, the H2 hypothesis
is valid, as EU countries can be grouped into homogeneous clusters based on forest area,
economic performance, green performance, and GHG emissions.

5. Discussion

In the current context of climate change, forests have become even more relevant as
they have the potential to contribute to capturing and storing carbon from the atmosphere
significantly. This result can be achieved by implementing effective management practices
like afforestation and reforestation, which can counteract carbon emissions and contribute
to sustainable climate change mitigation. Forest management supports economic develop-
ment and promotes environmental conservation and ecological balance to serve current
and future generations.

Some researchers argue for a negative correlation between abundant natural resources
and economic growth [62,63]. However, there is a positive relationship between forest
resources and green performance, enabling the sustainable development of a country [64].
Green economic growth entails harmonizing economic progress with environmental pro-
tection [65]. Researchers propose various measures for assessing green performance [66,67].
We used the SDG Index calculated at the country level for the green performance of an EU
member state.

This paper aims to explore and analyze these intricate connections within the Euro-
pean Union context, providing robust empirical evidence. In this study, we selected the
countries of the European Union that have considerable heterogeneity in terms of forest
resources. The investigation of the H1 hypothesis focuses on a significant relationship
between forest resources and economic performance and green performance in EU member
states. This hypothesis suggests an interconnection between the efficient management of
forest resources, a country’s economic performance, and its contributions to environmental
sustainability and ecological protection. Following the investigation of the H1 hypothesis,
we can assert a positive relationship between forest resources and economic performance
(β = 0.470, p-value < 0.05), given that forests provide essential resources for the timber
industry and related economic activities.
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Thus, countries with a strong foundation of forest resources could benefit from sustain-
able economic development, generating employment, GDP growth, and exports. Sustain-
able forest management can contribute to economic growth through the timber industry,
eco-tourism, and non-timber forest products. While not strictly causal, there is a clear link
between the two, influenced by how forest resources are managed. Our findings are in
line with those of Martinho and Ferreira [5], Wu et al. [11], and Barañano et al. [2]. An
enhanced understanding of the relationships between forest resources and economic and
green performance can guide governmental decisions regarding forest conservation and
sustainable management and promote their efficient utilization to maximize economic
and ecological benefits [34]. Countries with a strong SDG orientation often prioritize the
conservation and sustainable management of their forest resources as part of their broader
development strategy.

Forests are crucial in carbon sequestration, maintaining balance in the global carbon
cycle [49,51]. Adequate afforestation and reforestation efforts can counterbalance the loss
of natural forests and contribute to increased biodiversity and the protection of species’
natural habitats. Conserving existing forests and their sustainable management encourage
carbon sequestration and prevent deforestation and degradation, reducing GHG emissions.
Forest resources are essential in combating climate change and promoting environmental
sustainability. Through carbon sequestration activities like afforestation, reforestation, and
forest conservation, it is possible to reduce global GHG emissions with relatively low costs,
contributing to global environmental protection efforts and climate change mitigation.

While forest resources can play a crucial role in carbon absorption and GHG emissions
reduction, it is essential to understand that addressing these issues cannot be limited
solely to this aspect. A comprehensive approach is needed to address all economic sectors
responsible for GHG emissions and promote sustainable economic development aligned
with environmental protection objectives.

The empirical model used in this study confirms the H1 hypothesis, underscoring the
importance of the relationships between economic performance, green performance, and
GHG emissions levels (β = −0.629, p-value < 0.05) within the European Union. Although
economic and green performance notably contributes to lowering greenhouse gas (GHG)
emissions, forest resources, in contrast, do not exert a significant influence on GHG levels
(p-value > 0.05). This lack of significant impact is attributed to dominant factors, like
industrial activity, transportation, and livestock farming, which outweigh the capacity of
forested areas to counteract their significant emissions.

The investigation of the H2 hypothesis explores the possibility of clustering EU mem-
ber countries into homogeneous groups based on key features, like forest area, economic
performance, green performance, and greenhouse gas emissions (GHG). The cluster analy-
sis results confirm this hypothesis by identifying distinct groups of countries with similar
characteristics in these domains, consistent with the findings of other researchers [3,5,42,49].
Cluster A comprises countries with high forest coverage (60.50%). This aspect is associated
with lower GHG emissions (74.80), as forests absorb carbon. While the economic perfor-
mance (GDPc = 101.33) is strong, pollution levels are low. These countries excel in achieving
sustainable development goals (SDGi = 82.43). Cluster B encompasses countries with mod-
erate forest area values (32.98). This cluster exhibits greater diversity in terms of economic
performance, including countries with above-mean performances (such as Luxembourg,
Germany, France, Italy, Spain, and Czechia) and those with weaker economic performances
(such as Bulgaria, Croatia, and Greece). GHG emissions (83.26) are generally higher in
these countries than the EU mean, possibly due to a lower forest coverage and weak green
performance. Cluster C includes countries with the lowest forest area values (14.12). This
cluster presents an excellent economic performance (GDPc = 126.50), excluding Hungary
and Malta. Moderate levels of GHG emissions (76.53) can be explained by a relatively
good green performance. While Cluster C is characterized by a shallow forest coverage, its
economically solid and relatively good green performance (SDGi = 80.20) contributes to
moderate GHG emissions.



Forests 2023, 14, 2327 11 of 17

In conclusion, the results validate the H2 hypothesis. This study demonstrates that
EU countries can be grouped into homogeneous clusters based on forest area, economic
performance, green performance, and greenhouse gas emissions. These findings can
provide crucial insights for assessing the environmental impact, economic development,
and progress toward sustainable development goals in the region [12]. The significant
differences among the identified clusters provide the foundation for formulating strategies
for sustainable economic development. By identifying homogeneous clusters, this approach
can offer new perspectives and guidance for sustainable development in the region.

As climate change poses a significant challenge, forests are becoming increasingly vital
in mitigation efforts. Forests play a crucial role in sequestering carbon dioxide, a significant
GHG. When forests are cleared or degraded, carbon stored in trees is released into the
atmosphere, contributing to higher GHG emissions. Their capacity to capture and store
atmospheric carbon through photosynthesis and incorporate carbon into biomass is critical
in reducing greenhouse gas concentrations [40–43,68]. Forest management activities, such
as afforestation, reforestation, and conservation, can significantly contribute to climate
change mitigation by creating carbon-neutral or carbon-negative sources. Thus, besides its
economic and social benefits, sustainable forest management is essential in environmental
conservation and climate change mitigation [7,26]. Furthermore, it necessitates close collab-
oration among decision makers, local communities, the forestry industry, and researchers to
find innovative and efficient solutions for forest management that balance developmental
requirements with environmental protection, leading to reduced GHG emissions.

5.1. Theoretical Implications

Our study significantly contributes to forest resource–economic and green perfor-
mance relationships at the European level. By applying structural equation modeling and
cluster analysis to European Union data, we highlight relevant theoretical aspects regarding
the complex interdependencies between these critical factors. The results underscore the
need for an integrated approach to evaluate the relationships between natural resources,
economic development, and environmental sustainability. This finding confirms the im-
portance of theories advocating that the long-term success of an economy is closely tied to
responsible natural resource management.

This study highlights that the relationship between forest resources and economic
and green performance is not unidirectional. Forest resources can influence economic
performance through multiple pathways, and a focus on sustainable performance leads to
increased forest resources, adding theoretical complexity to understanding the connections
between these variables. Our research emphasizes the importance of tailoring strategies
to each country’s particularities. This theoretical perspective recognizes the diversity of
national contexts and the need for customized approaches to managing forest resources
and promote sustainable development. The theoretical implications of this study extend
beyond empirical analysis, providing a solid theoretical foundation for understanding the
complex interactions between forest resources, economic performance, and environmental
sustainability. These implications have the potential to influence the evolution of theories
and approaches in the fields of sustainable development and green economics.

5.2. Practical and Managerial Implications

This study highlights significant practical implications for policymakers, decision
makers, and practitioners in sustainable development and environmental conservation
within and beyond the European Union. These implications can guide the direction of
decision making and future strategies.

Our findings emphasize the need to tailor policies according to the specificities of
each EU member country. Development policies and strategies must account for the
diversity of local contexts, available forest resources, and specific economic characteristics.
This tailored approach is essential to ensure that policies are relevant and effective in
addressing each member state’s unique challenges and opportunities. Moreover, this study
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underscores the multifunctional potential of forests, which can simultaneously support
economic growth and environmental conservation where geographical characteristics allow.
Forests are pivotal in carbon sequestration and biodiversity preservation, making them
critical assets in achieving sustainability goals. Responsible forest resource management
can help mitigate climate change by reducing greenhouse gas emissions and positively
impacting economic performance.

The practical implications suggest fostering collaboration between economic sectors
and academia to create sustainable development models that leverage forest resources for
the expected benefits to communities and the environment. By bringing together various
stakeholders, including associations of producers, researchers, and policymakers, we can
develop comprehensive strategies that harness forests’ full potential in advancing economic
and environmental objectives.

This study’s results offer valuable insights for designing and implementing policies
that address the unique challenges faced by each EU member country, promote sustainable
forest resource management, and facilitate cross-sector collaboration to achieve the dual
goals of economic growth and environmental conservation.

5.3. Limitations and Future Research

This study provides empirical insights to guide more efficient and sustainable stake-
holder decision making. However, certain limitations were identified during this study.
Our analysis relied on European-level data, and the level of data detail can vary between
countries. This study is exploratory, and the potential for generalizability is limited. The
findings of our paper can serve as a foundation for more targeted research that delves
deeper into the specific relationships within distinct country clusters or regions, thereby
yielding more nuanced insights.

While we used structural equation modeling and cluster analysis to examine rela-
tionships between forest resources and economic and green performance, we can explore
other statistical methods and analytical approaches to validate and extend our results. As
for future research, conducting more detailed comparative analyses among EU member
countries could provide a better understanding of differences in approaches and the impact
of local factors on the investigated relationships. Further research could consider other
variables that illustrate economic and green performances (not only GDP per capita and
SDG Index) and explore how socio-cultural and legislative factors influence the relation-
ships between forest resources and economic and green performances. Such research could
contribute to a deeper understanding of these relationships and offer more detailed insights
for sustainable development and environmental conservation decision making.

While forests are a significant natural-based solution for carbon absorption, other
essential ecosystems, including various forms of land use and oceans, play essential roles
in carbon sequestration and can be the subject of future research.

6. Conclusions

This empirical study concludes that, at the country level, green performance exhibits a
positive influence on forest resources, while economic performance negatively affects forest
resources, reaffirming the presence of a national-level inhibiting effect. This conclusion is
in line with existing research and underscores the critical need for sustainable economic
growth that enables a substantial green performance, thereby balancing economic progress
with forest conservation. Increases in forested areas play a pivotal role in capturing
greenhouse gas emissions, collectively contributing to the mitigation of climate change’s
rapid pace.

The delicate balance between economic growth and environmental conservation is a
challenge that requires tailored strategies for each member country within the European
Union. These strategies should consider the unique characteristics and circumstances
of each nation, ensuring that economic benefits are optimized while green performance
is maximized within their specific contexts. The research findings highlight the role of
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forest resources in achieving sustainable development goals. Forests contribute not only
to economic growth but also to environmental protection. In this regard, integrated forest
management policies should be elevated to a top priority for EU member states.

The empirical approach adopted in this study serves as a robust foundation for
informed and sustainable decision making, providing a deeper understanding of the
relationships between green and economic performances. While this research emphasizes
these essential connections, it also highlights the potential for further investigations and
the development of more efficient strategies for responsible resource management. The
need for ongoing research and the pursuit of innovative strategies are vital to promoting a
green and sustainable future within the European Union.
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Appendix A

Table A1. Summary table on the relationships between forest resources and economic and green
performances in the literature review.

Economic and Green Performances

Forestry

Forestry assets play a pivotal role in achieving a sustainable economic performance
and fostering environmentally responsible practices [2].

The sustainable management of forests can contribute to economic expansion
through the activities of the timber industry, eco-tourism, and the utilization of
non-timber forest products [2,5,11].

Forest resources, classified as renewable natural assets on a global scale, play a
central role in both economic development and the preservation of the natural
ecosystem [7,8].

Forest resources, serving as vital raw materials for production, significantly
contribute to propelling economic growth [13–16].

The pursuit of a good economic performance exerts a notably negative impact on
forest resources, whereas the pursuit of a good green performance has a positive
influence on these kinds of resources [21,22].

Forest resources play a critical role in shaping sustainable economic growth on a
global scale, being recognized as essential natural assets [32,33].

GHG

https://api.worldbank.org/v2/en/indicator/AG.LND.FRST.ZS?downloadformat=excel
https://api.worldbank.org/v2/en/indicator/AG.LND.FRST.ZS?downloadformat=excel
https://ec.europa.eu/eurostat/databrowser/view/sdg_13_20/default/table?lang=en
https://ec.europa.eu/eurostat/databrowser/view/tec00114/default/table?lang=en
https://ec.europa.eu/eurostat/databrowser/view/tec00114/default/table?lang=en
https://doi.org/10.1017/9781009210058
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Table A1. Cont.

Economic and Green Performances

Forestry

Unrestrained economic growth has been identified as a factor contributing to the
depletion of forest resources, leading to a substantial rise in GHG emissions [34].

The potential impact of forest-based carbon sequestration, facilitated through
various forestry-related emission reduction activities, such as afforestation,
reforestation, forest conservation, and sustainable forest management, is crucial [35].
Assessing the efficiency of these activities in relation to costs could play a significant
role in promoting environmental sustainability. These measures have the potential
to reduce global greenhouse gas (GHG) emissions at a lower cost compared to other
GHG reduction technologies [36].

Forests’ capacity to capture and store atmospheric carbon through photosynthesis,
incorporating carbon into biomass, is pivotal for diminishing greenhouse gas
concentrations [40–43,68].

Forests play a critical role in carbon sequestration, maintaining equilibrium in the
global carbon cycle [49,51].

Beyond its economic and social advantages, sustainable forest management is
indispensable for environmental conservation and the mitigation of climate
change [7,26].

Economic and green performances

GHG

Several researchers [28,29] have suggested that environmental protection policies
designed to decrease greenhouse gas (GHG) emissions may inadvertently increase
pollution emissions. This unintended consequence occurs because these policies are
often structured to shift costs into the future, thereby expediting the exploitation of
fossil energy and diminishing the effectiveness of GHG reduction efforts [30].

The paradox of increasing greenhouse gas (GHG) emissions is commonly analyzed
in terms of its impact on the biosphere. Halicioglu [40] and Magazzino [41]
emphasize that the real GDP drives both energy consumption and CO2 emissions, a
conclusion corroborated by recent studies [42–45].

The repercussions of climate change and environmental degradation (including
GHG growth) extend to economic sustainability [3,46–48], with potential adverse
effects on economic activity and overall population welfare.

Effectively managing climate risks at the EU level requires proactive strategies
founded on understanding the relationships between economic and green
performances, GHG emissions reduction, and forest resource coverage—a
paramount CO2 sink [49].

Decoupling economic growth from resource consumption and environmental
pollution (including GHG growth) is a strategy to address the challenges of climate
change while enhancing societal well-being [50–52].

Economic growth, while integral to achieving sustainable economic development
and facilitating good economic and green performances, exerts considerable
pressure on the environment (including GHG growth) and resource
consumption [53].

Green economic growth, in essence, involves the synchronization of economic
progress with proactive environmental protection [65].

References
1. Imbrenda, V.; Coluzzi, R.; Mariani, F.; Nosova, B.; Cudlinova, E.; Salvia, R.; Quaranta, G.; Salvati, L.; Lanfredi, M. Working

in (Slow) Progress: Socio-Environmental and Economic Dynamics in the Forestry Sector and the Contribution to Sustainable
Development in Europe. Sustainability 2023, 15, 10271. [CrossRef]

2. Barañano, L.; Unamunzaga, O.; Garbisu, N.; Briers, S.; Orfanidou, T.; Schmid, B.; Martínez de Arano, I.; Araujo, A.; Garbisu, C.
Assessment of the Development of Forest-Based Bioeconomy in European Regions. Sustainability 2022, 14, 4747. [CrossRef]

3. Onofrei, M.; Vatamanu, A.F.; Cigu, E. The Relationship between Economic Growth and CO2 Emissions in EU Countries: A
Cointegration Analysis. Front. Environ. Sci. 2022, 10, 934885. [CrossRef]

https://doi.org/10.3390/su151310271
https://doi.org/10.3390/su14084747
https://doi.org/10.3389/fenvs.2022.934885


Forests 2023, 14, 2327 15 of 17

4. Aggestam, F.; Pülzl, H. Downloading Europe: A Regional Comparison in the Uptake of the EU Forest Action Plan. Sustainability
2020, 12, 3999. [CrossRef]

5. Martinho, V.J.P.D.; Ferreira, A.J.D. Forest Resources Management and Sustainability: The Specific Case of European Union
Countries. Sustainability 2021, 13, 58. [CrossRef]

6. Aird, P.L. Conservation for the Sustainable Development of Forests Worldwide-A Compendium of Concepts and Terms. For.
Chron. 1994, 70, 666–674. [CrossRef]

7. Mahmoudi, B.; Ng, E.; Mafi-Gholami, D.; Eshaghi, F. Forest dwellers’ dependence on forest resources in semi-arid environments.
Sustainability 2023, 15, 2689. [CrossRef]

8. Wu, X.; Liu, G.; Bao, Q. Impact of economic growth on the changes in forest resources in Inner Mongolia of China. Front. Environ.
Sci. 2023, 11, 1241703. [CrossRef]

9. Keenan, R.J.; Reams, G.A.; Achard, F.; de Freitas, J.V.; Grainger, A.; Lindquist, E. Dynamics of global forest area: Results from the
FAO global forest resources assessment. For. Ecol. Manag. 2015, 352, 9–20. [CrossRef]

10. Talebmorad, H.; Abedi-Koupai, J.; Eslamian, S.; Mousavi, S.F.; Singh, V.P. Evaluation of the Impact of climate change on reference
crop evapotranspiration in Hamedan-Bahar Plain. Int. J. Hydrol. Sci. Technol. 2020, 10, 123–130. [CrossRef]

11. Wu, X.Y.; Liu, G.Y.; Bao, Q.F. Pathway and driving forces to complete forest transition in Inner Mongolia of China. Environ. Dev.
2023, 45, 100784–100810. [CrossRef]

12. Libiete, Z.; Jansons, A.; Runis, D.; Donis, J. Forest resources and sustainable management. For. Microbiol. 2023, 3, 3–31. [CrossRef]
13. Narita, D.; Lemenih, M.; Shimoda, Y.; Ayana, A.N. Economic accounting of Ethiopian forests: A natural capital approach. For.

Policy Econ. 2018, 97, 189–200. [CrossRef]
14. Montagne-Huck, C.; Brunette, M. Economic analysis of natural forest disturbances: A century of research. J. For. Econ. 2018, 32,

42–71. [CrossRef]
15. Nguyen, M.D.; Ancev, T.; Randall, A. Forest governance and economic values of forest ecosystem services in Vietnam. Land Use

Policy 2020, 97, 103297. [CrossRef]
16. Hao, Y.; Xu, Y.; Zhang, J.; Hu, X.; Huang, J.; Chang, C.P.; Guo, Y. Relationship between forest resources and economic growth:

Empirical evidence from China. J. Clean. Prod. 2019, 214, 848–859. [CrossRef]
17. Naidoo, R. Economic growth and liquidation of natural capital: The case of forest clearance. Land Econ. 2004, 80, 194–208.

[CrossRef]
18. Savari, M.; Damaneh, H.E. Analysis of effective factors in sustainable management of forest resources among local communities

of Kerman province. Desert 2019, 24, 277–292. [CrossRef]
19. Caravaggio, N. Economic growth and the forest development path: A theoretical reassessment of the environmental Kuznets

curve for deforestation. Policy Econ. 2020, 118, 102259–102311. [CrossRef]
20. Hernández-Aguilar, J.A.; Durán, E.; Jong, W.; Velázquez, A.; Pérez-Verdín, G. Understanding drivers of local forest transition in

community forests in Mixteca Alta, Oaxaca, Mexico. For. Policy Econ. 2021, 214, 102542. [CrossRef]
21. Silva, R.; Batistella, M.; Moran, E.F. Drivers of land change: Human-environment interactions and the Atlantic forest transition in

the Paraiba Valley, Brazil. Land Use Policy 2016, 43, 133–144. [CrossRef]
22. Wang, H.; Yan, J.Z.; Li, H.L. Forest transition and its explanation in contiguous destitute areas of China. Acta Geogr. Sin. 2018, 37,

1253–1267. [CrossRef]
23. Kesidou, E.; Wu, L. Stringency of Environmental Regulation and Eco-Innovation: Evidence from the Eleventh Five-Year Plan and

Green Patents. Econ. Lett. 2020, 190, 109090. [CrossRef]
24. De Souza, V.M.; Bloemhof, J.; Borsato, M. Assessing the Eco-Effectiveness of a Solid Waste Management Plan Using Agent-Based

Modelling. Waste Manag. 2021, 125, 235–248. [CrossRef] [PubMed]
25. Li, H.; Pang, S.; Cao, Y.; Gao, J. Research on the Evaluation of Comprehensive Efficiency of Technological Innovation and

Eco-Environment in China. J. Clean. Prod. 2021, 283, 124603. [CrossRef]
26. Zengagan-Castano, J.E.; Pagan-Castano, E.; Ribeiro-Navarrete, S. Merits of Intercity Innovation Cooperation of Environment-

Friendly Patents for Environmental Regulation Efficiency. Technol. Forecast. Soc. Chang. 2022, 180, 121404. [CrossRef]
27. Liu, S.; Xia, J. Forest Harvesting Restriction and Forest Restoration in China. For. Policy Econ. 2021, 129, 102516. [CrossRef]
28. Hamamoto, M. Environmental Regulation and the Productivity of Japanese Manufacturing Industries. Resour. Energ. Econ. 2006,

28, 299–312. [CrossRef]
29. Ulucak, R.; Khan, S.U. Mitigation Pathways toward Sustainable Development: Is There Any Trade-Off between Environmental

Regulation and Carbon Emissions Reduction? Sustain. Dev. 2020, 28, 813–822. [CrossRef]
30. Levinson, A.; Taylor, M.S. Unmasking the Pollution Haven Effect. Int. Econ. Rev. 2008, 49, 223–254. [CrossRef]
31. Wu, R.; Ma, T.; Schröder, E. The contribution of trade to production-based carbon dioxide emissions. Struct. Chang. Econ. Dyn.

2022, 60, 391–406. [CrossRef]
32. Tadesse, T.; Teklay, G.; Mulatu, D.W.; Rannestad, M.M.; Meresa, T.M.; Woldelibanos, D. Forest benefits and willingness to pay for

sustainable forest management. For. Policy Econ. 2022, 138, 102721. [CrossRef]
33. Ali, A.; Ramakrishnan, S. Financial development and natural resources. Is there a stock market resource curse? Resour. Pol. 2022,

75, 102457. [CrossRef]
34. Leonard, A.; Ahsan, A.; Charbonnier, F. The Resource Curse in Renewable Energy: A framework for risk assessment. Energy

Strategy Rev. 2022, 41, 100841. [CrossRef]

https://doi.org/10.3390/su12103999
https://doi.org/10.3390/su13010058
https://doi.org/10.5558/tfc70666-6
https://doi.org/10.3390/su15032689
https://doi.org/10.3389/fenvs.2023.1241703
https://doi.org/10.1016/j.foreco.2015.06.014
https://doi.org/10.1504/IJHST.2021.114554
https://doi.org/10.1016/j.envdev.2022.100784
https://doi.org/10.1016/B978-0-443-18694-3.00007-9
https://doi.org/10.1016/j.forpol.2018.10.002
https://doi.org/10.1016/j.jfe.2018.03.002
https://doi.org/10.1016/j.landusepol.2018.03.028
https://doi.org/10.1016/j.jclepro.2018.12.314
https://doi.org/10.2307/3654738
https://doi.org/10.22059/JDESERT.2019.76385
https://doi.org/10.1016/j.forpol.2020.102259
https://doi.org/10.1016/j.forpol.2021.102542
https://doi.org/10.1016/j.landusepol.2016.07.021
https://doi.org/10.11821/dlxb201807006
https://doi.org/10.1016/j.econlet.2020.109090
https://doi.org/10.1016/j.wasman.2021.02.019
https://www.ncbi.nlm.nih.gov/pubmed/33711737
https://doi.org/10.1016/j.jclepro.2020.124603
https://doi.org/10.1016/j.techfore.2021.121404
https://doi.org/10.1016/j.forpol.2021.102516
https://doi.org/10.1016/j.reseneeco.2005.11.001
https://doi.org/10.1002/sd.2041
https://doi.org/10.1111/j.1468-2354.2008.00478.x
https://doi.org/10.1016/j.strueco.2021.12.005
https://doi.org/10.1016/j.forpol.2022.102721
https://doi.org/10.1016/j.resourpol.2021.102457
https://doi.org/10.1016/j.esr.2022.100841


Forests 2023, 14, 2327 16 of 17

35. Begum, R.A.; Raihan, A.; Said, M.N.M. Dynamic Impacts of Economic Growth and Forested Area on Carbon Dioxide Emissions
in Malaysia. Sustainability 2020, 12, 9375. [CrossRef]

36. Cook-Patton, S.C.; Gopalakrishna, T.; Daigneault, A.; Leavitt, S.M.; Platt, J.; Scull, S.M.; Amarjargal, O.; Ellis, P.W.; Griscom, B.W.;
McGuire, J.L.; et al. Lower cost and more feasible options to restore forest cover in the contiguous United States for climate
mitigation. One Earth 2020, 3, 739–752. [CrossRef]

37. Kahn, J.R.; Mcdonald, J.A. Third-world debt and tropical deforestation. Ecol. Econ. 1995, 12, 107–123. [CrossRef]
38. Bhattarai, M.; Hammig, M. Governance, economic policy, and the environmental Kuznets curve for natural tropical forests.

Environ. Dev. Econ. 2004, 9, 367–382. [CrossRef]
39. Hou, M.Y.; Yao, S.B. Testing of the EKC relationship between amount of forest resources and economic growth: An empirical

study based on provincial panel data. For. Sci. 2019, 55, 113–122. [CrossRef]
40. Halicioglu, F. An Econometric Study of CO2 Emissions, Energy Consumption, Income and Foreign Trade in Turkey. Energy Policy

2009, 37, 1156–1164. [CrossRef]
41. Magazzino, C. Economic Growth, CO2 Emissions, and Energy Use in Israel. Int. J. Sustain. Dev. World Ecol. 2015, 22, 89–97.

[CrossRef]
42. Bilan, Y.; Streimikiene, D.; Vasylieva, T.; Lyulyov, O.; Pimonenko, T.; Pavlyk, A. Linking between Renewable Energy, CO2

Emissions, and Economic Growth: Challenges for Candidates and Potential Candidates for the EU Membership. Sustainability
2019, 11, 1528. [CrossRef]

43. Favero, L.P.; De Freitas Souza, R.; Belfiore, P.; Roberto Luppe, M.; Severo, M. Global Relationship between Economic Growth and
CO2 Emissions across Time: A Multilevel Approach. Int. J. Glob. Warm. 2022, 26, 38. [CrossRef]

44. Khan, M.B.; Saleem, H.; Shabbir, M.S.; Huobao, X. The Effects of Globalization, Energy Consumption and Economic Growth on
Carbon Dioxide Emissions in South Asian Countries. Energy Environ. 2022, 33, 107–134. [CrossRef]

45. Li, F.; Chang, T.; Wang, M.-C.; Zhou, J. The Relationship between Health Expenditure, CO2 Emissions, and Economic Growth in
the BRICS Countries-Based on the Fourier ARDL Model. Environ. Sci. Pollut. Res. 2022, 29, 1–20. [CrossRef] [PubMed]

46. Haigh, M. Climate Policy and Financial Institutions. Clim. Policy 2011, 11, 1367–1385. [CrossRef]
47. Azam, M.; Khan, A.Q.; Abdullah, H.B.; Qureshi, M.E. The Impact of CO2 Emissions on Economic Growth: Evidence from Selected

Higher CO2 Emissions Economies. Environ. Sci. Pollut. Res. 2016, 23, 6376–6389. [CrossRef]
48. Garcia, L.E.; Illig, A.; Schindler, I. Understanding Oil Cycle Dynamics to Design the Future Economy. Biophys. Econ. Sustainability

2020, 5, 15. [CrossRef]
49. Gricar, S.; Bojnec, S.; Baldigara, T. GHG Emissions and Economic Growth in the European Union, Norway, and Iceland: A

Validated Time-Series Approach Based on a Small Number of Observations. J. Risk Financ. Manag. 2022, 15, 518. [CrossRef]
50. Grossman, G.M.; Krueger, A.B. Economic Growth and the Environment. Q. J. Econ. 1995, 110, 353–377. [CrossRef]
51. Li, X.; Yan, X.; An, Q.; Chen, K.; Shen, Z. The Coordination between China’s Economic Growth and Environmental Emission from

the Environmental Kuznets Curve Viewpoint. Nat. Hazards 2016, 83, 233–252. [CrossRef]
52. Kube, R.; Loschel, A.; Mertens, H.; Requate, T. Research Trends in Environmental and Resource Economics: Insights from Four

Decades of JEEM. J. Environ. Econ. Manag. 2018, 92, 433–464. [CrossRef]
53. Ahmad, M.; Muslija, A.; Satrovic, E. Does Economic Prosperity Lead to Environmental Sustainability in Developing Economies?

Environmental Kuznets Curve Theory. Environ. Sci. Pollut. Res. 2021, 28, 22588–22601. [CrossRef] [PubMed]
54. Ficko, A.; Boncina, A. Forest owner representation of forest management and perception of resource efficiency: A structural

equation modeling study. Ecol. Soc. 2015, 20, 36. [CrossRef]
55. Santibáñez-Andrade, G.; Castillo-Argüero, S.; Vega-Peña, E.V.; Lindig-Cisneros, R.; Zavala-Hurtado, J.A. Structural equation

modeling as a tool to develop conservation strategies using environmental indicators: The case of the forests of the Magdalena
river basin in Mexico City. Ecol. Indic. 2015, 54, 124–136. [CrossRef]

56. Fan, Y.; Chen, J.; Shirkey, G.; John, R.; Wu, S.R.; Park, H.; Shao, C. Applications of structural equation modeling (SEM) in ecological
studies: An updated review. Ecol. Process. 2016, 5, 19. [CrossRef]

57. Sarkar, A.; Azim, J.; Asif, A.; Qian, L.; Peau, A.K. Structural equation modeling for indicators of sustainable agriculture:
Prospective of a developing country’s agriculture. Land Use Policy 2021, 109, 105638. [CrossRef]

58. Kumer, P.; Strumbelj, E. Clustering-based typology and analysis of private small-scale forest owners in Slovenia. For. Policy Econ.
2017, 80, 116–124. [CrossRef]

59. Mathrani, A.; Wang, J.; Li, D.; Zhang, X. Clustering Analysis on Sustainable Development Goal Indicators for Forty-Five Asian
Countries. Sci 2023, 5, 14. [CrossRef]

60. Kazana, V.; Kazaklis, A.; Raptis, D.; Stamatiou, C. A combined multi-criteria approach to assess forest management sustainability:
An application to the forests of Eastern Macedonia & Thrace Region in Greece. Ann. Oper. Res. 2020, 294, 321–343. [CrossRef]

61. Hair, J.F.; Hult, G.T.M.; Ringle, C.M.; Sarstedt, M.A. Primer on Partial Least Squares Structural Equation Modeling (PLS-SEM), 2nd ed.;
Sage: Thousand Oaks, CA, USA, 2017.

62. Sachs, J.D.; Warner, A.M. Natural Resource Abundance and Economic Growth; NBER Working Paper No. 5398; Harvard University:
Cambridge, MA, USA, 1995.

63. Apergis, N.; Katsaiti, M.S. Poverty and the resource curse: Evidence from a global panel of countries. Res. Econ. 2018, 72, 211–223.
[CrossRef]

https://doi.org/10.3390/su12229375
https://doi.org/10.1016/j.oneear.2020.11.013
https://doi.org/10.1016/0921-8009(94)00024-P
https://doi.org/10.1017/S1355770X03001293
https://doi.org/10.11707/j.1001-7488.20191212
https://doi.org/10.1016/j.enpol.2008.11.012
https://doi.org/10.5539/jsd.v8n9p89
https://doi.org/10.3390/su11061528
https://doi.org/10.1504/IJGW.2022.120067
https://doi.org/10.1177/0958305X20986896
https://doi.org/10.1007/s11356-021-17900-w
https://www.ncbi.nlm.nih.gov/pubmed/35000176
https://doi.org/10.1080/14693062.2011.579265
https://doi.org/10.1007/s11356-015-5817-4
https://doi.org/10.1007/s41247-020-00081-4
https://doi.org/10.3390/jrfm15110518
https://doi.org/10.2307/2118443
https://doi.org/10.1007/s11069-016-2314-0
https://doi.org/10.1016/j.jeem.2018.08.001
https://doi.org/10.1007/s11356-020-12276-9
https://www.ncbi.nlm.nih.gov/pubmed/33420933
https://doi.org/10.5751/ES-07189-200136
https://doi.org/10.1016/j.ecolind.2015.02.022
https://doi.org/10.1186/s13717-016-0063-3
https://doi.org/10.1016/j.landusepol.2021.105638
https://doi.org/10.1016/j.forpol.2017.03.014
https://doi.org/10.3390/sci5020014
https://doi.org/10.1007/s10479-020-03751-0
https://doi.org/10.1016/j.rie.2018.04.001


Forests 2023, 14, 2327 17 of 17

64. Razafindratsima, O.H.; Kamoto, J.F.M.; Sills, E.O. Reviewing the evidence on the roles of forests and tree-based systems in poverty
dynamics. For. Policy Econ. 2021, 131, 102576. [CrossRef]

65. Andronie, M.; Lăzăroiu, G.; Stefănescu, R.; Uta, C.; Dijmärescu, I. Sustainable, Smart, and Sensing Technologies for Cyber-Physical
Manufacturing Systems: A Systematic Literature Review. Sustainability 2021, 13, 5495. [CrossRef]

66. Ma, L.; Long, H.; Chen, K. Green Growth Efficiency of Chinese Cities and its Spatio-temporal Pattern. Resour. Conserv. Recycl.
2019, 146, 441–451. [CrossRef]

67. Song, M.; Zhu, S.; Wang, J. Share green growth: Regional evaluation of green output performance in China. Int. J. Prod. Econ.
2020, 219, 152–163. [CrossRef]

68. van Mantgem, P.J.; Nesmith, J.C.; Keifer, M.; Knapp, E.E.; Flint, A.; Flint, L. Climatic stress increases forest fire severity across the
western United States. Ecol. Lett. 2013, 16, 1151–1156. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1016/j.forpol.2021.102576
https://doi.org/10.3390/su13105495
https://doi.org/10.1016/j.resconrec.2019.03.049
https://doi.org/10.1016/j.ijpe.2019.05.012
https://doi.org/10.1111/ele.12151

	Introduction 
	Theoretical Framework and Hypothesis Development 
	Materials and Methods 
	Results 
	Discussion 
	Theoretical Implications 
	Practical and Managerial Implications 
	Limitations and Future Research 

	Conclusions 
	Appendix A
	References

