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Abstract: Forest land provides several environmental services and goods with significant implications
for different socioeconomic and environmental dimensions. Forestry and its management are
determinant activities for sustainable development, specifically in the current context of urgent
mitigation of climate change. In this perspective, one objective of this research was to survey the main
insights from the literature about the forest and management dimensions put together, highlighting
the contributions of these activities to mitigate climate change. Another objective was to explore
indicators related to forest management (land, employment, output, and net emissions) in order to
obtain a forest sustainability index through factor analysis. As main insights from this study, we
can quote that the literature survey pinpoints the most relevant factors framing forest management:
soil characteristics, ecology, ecosystems, biodiversity, deforestation, climate change, socioeconomic
frameworks, local knowledge, public policies, institutional context, and new technologies. Forest
indicators reveal a strong relationship between forest land, employment and output, and a weaker
relation with net emissions. We concluded that there is a need for stakeholders to explore and
improve the interlinkage with climate change impact, specifically with regard to improving the
relationships of forestry greenhouse gas emissions impacts with forest size and output.

Keywords: European Union; forest indicators; factor analysis; forest sustainability index

1. Introduction

A sustainable forest management is of paramount importance for sustainable devel-
opment at all levels, specifically in rural areas where forestry activities may contribute to
create employment and add value for land owners and related stakeholders [1]. These
contributions have a socioeconomic dimension but also an environmental facet since they
are expected to retard or even revert land abandonment. In fact, a sustainable forest
management must maintain the forest productive and renewal capacities, as well as its
contribution to biodiversity and ecology [2].

Adding to the contributions for a better socioeconomic dynamics, an improved man-
agement may prevent several damages that biotic and abiotic agents may cause on forests.
These questions are of the utmost important for Mediterranean countries dealing with
forest fire problems. Forest fires have several consequences on socioeconomic and envi-
ronmental domains for regions impacted by these abiotic forests disturbance agents [3],
compromising the forest contributions for climate change mitigation [4]. This is a major
problem due to forest contributions on climate change mitigation [5]. Nonetheless, forest
planning is also impacted by global warming [6], almost in self-reinforced processes. Public
policies play a determinant role in this context [7] to prevent forest fires implications, and
the setting of a vicious negative feedback dynamic. To this end, they need to be designed
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and implemented in a proactive way [8]. In this framework, post fire scenarios were prop-
erly addressed by the full range of stakeholders, specifically regarding concerns soil [9]
and water [10] conservation.

This paper aimed to explore several dimensions of forest resources management,
presenting the specific case of 28 European Union countries. In total, 91 documents
were screened from all databases on the Web of Science (WoS) [11]. Specifically, we
considered domains where forest and management were put together, which, in our
searches, were labelled “*forest* and *manage*”. This approach to forest and management
topics allows for a broader search about these fields [12], capturing expressions such as
“forest and management”, “forest and managed”, “forest and unmanaged”, “forestry and
management”, and “agroforestry and management”. There are few documents that address
these topics in a European Union context. Documents were analyzed in a bibliographic
perspective and were surveyed via a literature review. Finally, considering data from
the Eurostat and FAOSTAT, we analyzed the specific case of European Union countries.
We considered statistical information for variables related with forest sustainability and
management (e.g., area, employment, output and contributions for the greenhouse gas
emissions). We developed a forest sustainability index through factor analysis. The
dimensions related with the forest management area were wide, which is highlighted in
the literature. Nonetheless, this research focused on the socioeconomic and environmental
fields in the European Union.

2. Bibliographic Sample Characterization

Since 1990 and until mid-September 2020, the publication of scientific documents
about the topic “*forest* and *manage*” was almost cyclical in sources indexed in all WoS
databases [11]. In 2016, the most published research papers on this topic were found
(Figure 1). Over the entire period, there was an increasing trend regarding the actuality
of subjects related with forest management and the interest of research on these issues in
recent years.

Sustainability 2021, 13, x FOR PEER REVIEW 4 of 28 
 

 
Figure 1. Records by year of publication (% of 91 documents). 

0

2

4

6

8

10

12

Pe
rc

en
ta

ge
 o

f r
ec

or
ds

Years

Figure 1. Records by year of publication (% of 91 documents).

The studies published were carried out mainly in the following research areas (Figure 2):
environment sciences ecology; forestry; biodiversity conservation; plant sciences; agri-
culture; business economics; science, technology, and other topics; zoology; meteorology
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atmospheric sciences; geography; public administration; life sciences, biomedicine, and
other topics. The diversity of research areas where the documents were published were also
related with the multidisciplinary and transversal dimension of forest management. In fact,
these research areas are related with domains spanning from ecology to economics. There-
fore, we contend that the main barriers for effective and efficient forest management are
linked with the relevant stakeholders’ (i.e., owners and policymakers) poor understanding
about the multifunctionality of forest resources. In fact, owners usually do not understand
the forest as a sector where it is possible to obtain outputs beyond wood production. As
such, the policymakers are, often, more concerned with the management of fire impact.
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Figure 2. Records by research area (% of 91 documents).

In general, the documents published related to the topic were developed by researchers
who belonged to institutions from countries such as the USA (32% of the 91 studies),
Brazil, Germany, Sweden, Finland, India, and Canada (Figure 3). This framework showed
that US researchers expressed much interest on these topics. Brazil also had numerous
publications due to the Amazonian Forest. In the European Union, the leading countries
were Germany, Sweden, and Finland. Despite the problem of forest fires, Mediterranean
countries presented a lower research interest in forest and management, especially vis-à-vis
climate change adjustments.
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The studies performed on “*forest* and *manage*” were published in the following
journals (Figure 4), considering 2 or more records: Forest Ecology and Management; Human
Ecology; Applied Geography; Biodiversity and Conservation; Conservation Biology; Geoderma;
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Global Change Biology; Journal of Forestry; Land Use Policy; Restoration Ecology; Revista Arvore;
Tropical Ecology. Considering the transversal perspective of forest management, it could
be relevant to see more documents in publications outside of the forestry, ecology, and
biology areas. This research may be a contribution for this gap, because it focused on
socioeconomic and environmental variables from inside the forest sector, some of which
could impact the relationships between forest management and sustainability.
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3. Literature Review

Forest management depends on several factors [13], given the influence of different
dimensions and factors upon forestry ecosystems [14], such as soil characteristics [15], soil
acidity [16], sodic concentrations [17], and other soil functions (e.g., seed banks play a
determinant role in these frameworks) [18]. Moreover, other factors that forest management
depends on are climate changes, human, social, and economic contexts, historical records,
local knowledge, public policies, and institutional frameworks.

Soil composition is crucial for forest regeneration [19]. Ecosystems regeneration is
often impacted by various biotic and abiotic agents, such as the level of phenolic com-
pounds [20]. Nonetheless, forest and land use practices influence several dimensions [21],
including soil characteristics [22] in terms of fungal population [23] and agricultural pro-
duction that may be affected by the surrounding forest ecosystem, specifically as hosts for
pathogenic agents [24]. Afforestation has implications on soil proprieties [25]. In any case,
forest practices have often less negative impacts on soil characteristics than agricultural
activities [26].

The dimension of the impact of forest practices on soil characteristics is dependent
on specific local particularities [27]. Deforestation is an example of practices with great
implications on soil quality, particularly in organic matter levels [28]. Deforestation is
also a main factor contributing to the reduction in wild species’ diversity [29]. Forest
management plans with mixed species are more resilient to stress factors [30] and have less
organic matter decomposition [31].

Climate change and its associated uncertainties are variables that frame the design of
well-defined management instruments [6] (i.e., land cover) and also influence the responses
to future climate characteristics [5].
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Factors related with human, social, and resource dimensions also influence the capac-
ity of stakeholders to efficiently perform forest planning [32] and wilderness protection [33].
Bioenergy crops, for example, may be a real threat to forestland maintenance [34], as so-
cioeconomic changes across Europe are increasing the demand for food, which has a toll on
forest areas [35]. Renewable sources of energy, such as biomass [36], are determinant issues
in the forestry community [37]. Forest resources, such as fuelwood [38], may contribute to
socioeconomic alternatives in certain regions where traditional sectors are in decline [39].
The importance of fuelwood as a biomass source depends on specific conditions for each
country and region [40]. Forests have several dimensions, all with economic relevance to
stimulate the owners and other relevant key actors to implement integrated management
plans [41]. Forest-provided ecosystem services and its recognition by public institutions
may be an interesting contribution to society and economic dynamics [42]. In this con-
text, land tenure and the management authority have their implications and should be
addressed when designing plans [43].

In the present context, economic and financial crises could prompt reflection regarding
several natural and economic resources, especially with regard to reform measures needed
for more balanced development [44]. However, pressures to find immediate answers
often do not allow for the development of adequate strategies, which typically require
participatory approaches among the full range of relevant stakeholders.

Forest fires are a relevant factor that may support management in savannas or forest
practices [45]. Fires and drought are the main causes of deforestation in Mediterranean
countries in the EU [46]. The spread of nematode communities also influences, or are
influenced by, forest management options [47]. In fact, agroforest systems are susceptible
to other biological agents [48], sometimes in a negative way.

Forest management is not always adjusted to maintain ecosystems and biodiversity.
This is observed when managed forests are compared with unmanaged areas [49]. This is
true for flora and fauna, where human interventions impact biodiversity resilience [50].

The reduction in biodiversity is a concern for stakeholders around the world [51].
While this is particularly true for Brazil, given its rich biomes [52], it is also the case for Costa
Rica [53], the USA [54], Puerto Rico [55], Sudan [56], Korea [57], Japan [58], Canada [59],
Peru [60], Greece [61], Finland [62], the European Union [63], Ethiopia [64], Argentina [65],
Switzerland [66], and Russia [67].

Therefore, it is important to find solutions to mitigate the impact from inadequate for-
est practices [68] (i.e., afforestation [69]) or promote adjusted management [70]. Generally,
local populations agree with sustainable forest planning [71]. Nonetheless, the attention
given by the international community to the Brazilian forests, specifically the Amazonia
forest, is underwhelming. This is a relatively unexplored field of study, specifically with
regard to dry forests [72].

Local knowledge may significantly contribute to the discovery of adequate options
and public policies that could support and promote community involvement [73]. For
effective stakeholder participation, it is important to understand their perceptions and
attitudes [74], since sometimes conservation is not well understood [75]. Local stakeholder
involvement is fundamental since land use systems are part of the local identity [76],
with important social, cultural, and religious dimensions, as revealed by studies from
Chile [77,78]. In certain contexts, local actors are able to interlink local and traditional
knowledge with modern insights [79].

Public policies have a determinant role in the relationships between land use and
sustainability [80], specifically in terms of water management [81] and deforestation [82].
The interrelationships with water management are a great future challenge [83]. Policy
instruments are also crucial in regions where forests may significantly contribute to carbon
storage [84] and mitigate climate change [85]. In some cases, such as the boreal forest,
there are uncertainties about net carbon balance and, consequently, the impacts on climate
change [86]. The net carbon balance from forests is influenced by several variables [87],
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including spatial and temporal factors [88]. The negative impacts of forest management in
China are also not negligible [89].

Entangled with strategic measures is the role of the institutional frameworks, which
are crucial to attaining sustainable development in rural areas [90]. Nonetheless, the
main concern about forest policy and legislation is the inadequacy or conflict between
various measures and instruments [91]. Another important aspect relates to the complex-
ity of rules that make compliance difficult. Stakeholders prefer simple and clear policy
instruments [92].

It is important to highlight that sometimes land use practices impact forests in non-
profitable ways [93]. This finding could be replicated in other contexts to show that, often,
more sustainable practices have negative economic effects.

Forest management is a complex framework that needs to address several dimensions.
This calls for multidisciplinary approaches and agents, such as sociologists, historians [94],
and geneticists, who could consider the relevance of genetics in forest management [95],
specifically with regard to supporting the artificial selection of more resilient plants and
seeds [96].

The description of historical facts is important for understanding forest evolution over
the years, decades, and centuries in countries such as India [97]. This may be important for
analyzing the policies and their implications [98], as well as for proposing new and better
adjusted measures/instruments for more friendly ecosystem development [99].

This assessment may contribute to design more adjusted strategic instruments and to
implement more efficient management actions and robust plans. New technologies may
also bring significant contributions to forest assessment [100], inventory and planning [101].
These advantages were recognised over the last decades [102]. Some of these technologies
allow collecting data that is crucial for adequate forest and soil management [103]. The
availability of statistical information may make the difference in supporting the decision
making process [104].

Highlighting Linkages between Forest Management and Climate Change

Forestry activities play a determinant role in climate change mitigation [5]. In this con-
text, local knowledge (e.g., from indigenous communities) may bring relevant insights [73].
Public policies can lead to sustainable development and mitigate greenhouse gas emis-
sions [80]. In these contexts, initiatives such as the Reducing Emissions from Deforestation
and Forest Degradation (REDD+) may add important contributions [85]. However, the real
environmental impact of some mitigation policies, namely those related with bioenergy
crops, is unclear [34]. Climate change mitigation strategies should consider stakeholder
involvement and understand the attitudes of the full range of actors about the problems
related to global warming, including households [105], since they may compromise the
efficacy of forest plans [74].

On the other hand, climate change has several implications on biodiversity [59] and
land management, especially when considering its impact on soil characteristics and
quality [6]. It is expected that climate change will particularly and severely impact regions
at high latitudes [86]. Other climate change dimensions include droughts and fires [13],
which will likely lead to forest and agricultural land abandonment in southern Europe
as a result of poor climate conditions and hampering productivity [35]. In any case, real
impacts are specific to each locality, making it difficult to predict and obtain a common
framework [31].

4. Relationships between Forest Management and Sustainability

Considering the main insights obtained from the literature review, this section fo-
cuses on the socioeconomic and environmental dimensions of forest management and
its relationship with sustainability. In fact, forest management establishes several strong
interactions with the environment, yet it seems to have less of a negative implication in
other sectors [26]. In addition, land cover characteristics influences the capacity to respond
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to climate change [5]. In this way, forest land and forest greenhouse gas emissions impact
indicators may be interesting variables to consider in the correlations established between
forest management and sustainability. The human and social domains also play an impor-
tant role in the interrelationships among forest and sustainability [32]. In general, forests
may contribute to a better local socioeconomic dynamic [39] that support the creation of
more employment and additional income for landowners [41]. Since strong forest man-
agement is compatible with sustainable development, it is also dependent on the capacity
to create jobs in communities where it is important to highlight the relevance of these
variables. Fields related with water, soil, forest fires, and local stakeholders, for example,
present wider dimensions that deserve deeper analysis in future research.

Figures 5–11 were obtained using the QGIS (A Free and Open Source Geographic
Information System) [106] software, considering statistical information from Eurostat [107]
and FAOSTAT [108]. The shapefiles were obtained from the Eurostat. To simplify the
analysis, overseas regions were not considered. Malta and Cyprus were removed due to a
lack of data in the databases. The variables chosen were related with forest management
and sustainability.

Sustainability 2021, 13, x FOR PEER REVIEW 12 of 28 
 

 
Absolute values 

 
Relative values weighted by total area of each country (1000 ha) 

Figure 5. Average area of forest land (1000 ha) from 2012–2017 across European Union countries. 
Figure 5. Average area of forest land (1000 ha) from 2012–2017 across European Union countries.



www.manaraa.com

Sustainability 2021, 13, 58 8 of 21

Sustainability 2021, 13, x FOR PEER REVIEW 13 of 28 
 

 
Absolute values 

 
Relative values weighted by total area of each country (1000 ha). 

Figure 6. Average employed persons in forestry and logging (thousand annual working units) from 2012–
2017 across European Union countries. 

Figure 6. Average employed persons in forestry and logging (thousand annual working units) from
2012–2017 across European Union countries.



www.manaraa.com

Sustainability 2021, 13, 58 9 of 21

Sustainability 2021, 13, x FOR PEER REVIEW 14 of 28 
 

 
Absolute values 

 
Relative values weighted by total area of each country (1000 ha) 

Figure 7. Average net emissions/removal of CO2eq from forest land (gigagrams) from 2012–2017 across 
European Union countries. 

Figure 7. Average net emissions/removal of CO2eq from forest land (gigagrams) from 2012–2017
across European Union countries.



www.manaraa.com

Sustainability 2021, 13, 58 10 of 21

Sustainability 2021, 13, x FOR PEER REVIEW 15 of 28 
 

 
Absolute values 

 
Relative values weighted by total area of each country (1000 ha) 

Figure 8. Average output of forestry and connected secondary activities (million euro) from 2012–2017 
across European Union countries. 

 

Figure 8. Average output of forestry and connected secondary activities (million euro) from 2012–2017
across European Union countries.



www.manaraa.com

Sustainability 2021, 13, 58 11 of 21

Sustainability 2021, 13, x FOR PEER REVIEW 16 of 28 
 

 
Absolute values 

 
Relative values weighted by total area of each country (1000 ha) 

Figure 9. Average area of forest land growth rates (%) from 2012–2017 across European Union countries. 

 

Figure 9. Average area of forest land growth rates (%) from 2012–2017 across European Union
countries.



www.manaraa.com

Sustainability 2021, 13, 58 12 of 21

Sustainability 2021, 13, x FOR PEER REVIEW 17 of 28 
 

 
Absolute values 

 
Relative values weighted by total area of each country (1000 ha) 

Figure 10. Average employed persons in forestry and logging growth rates (%) from 2012–2017 across Eu-
ropean Union countries. 

 

Figure 10. Average employed persons in forestry and logging growth rates (%) from 2012–2017
across European Union countries.



www.manaraa.com

Sustainability 2021, 13, 58 13 of 21

Sustainability 2021, 13, x FOR PEER REVIEW 18 of 28 
 

 
Absolute values 

 
Relative values weighted by total area of each country (1000 ha) 

Figure 11. Average output of forestry and connected secondary activities growth rates (%) from 2012–2017 
across European Union countries. 

 

Figure 11. Average output of forestry and connected secondary activities growth rates (%)
from 2012–2017 across European Union countries.

Forests have an important role in storing carbon aboveground and in soil, and thus
play an important role in combatting climate change. This interaction is nevertheless
complex since climate change and, in particular, extreme events, may jeopardize the
capacity of soils to store carbon and other nutrients [109]. This could be a result of a higher
prevalence of wildfires throughout Europe. In this context, it is relevant to improve forest
management practices and to identify countries where efforts to stimulate carbon sinks via
forests will bear the highest impacts.
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This paper highlights countries where investment in proper forest management could
have a more profound impact on climate change dynamics. Nevertheless, forests also
deliver and provide value and green employment if the forest is to be fully sustainable.

Spain and France belong to the group of countries with an abundance of forest land.
However, when this land is weighted against the total area of the respective country,
two sub-groups with higher percentages of forest are evident: the Scandinavian and
Mediterranean countries. In addition, a small country, Slovenia, has a limited forest area
yet presents one of the highest percentages of forest land uses (placed between the Alps and
the Mediterranean). In fact, Sweden, Finland, Estonia, Latvia, Austria, and Slovenia are the
European Union countries with the highest ratios (Figure 5). These are the countries where
measures should be taken to protect forests against catastrophic natural or man-induced
events, especially considering the relative relevance of forest land for these countries. The
average growth rates (%) over the period considered were higher in countries such as
Ireland, the United Kingdom, and Denmark, where the increase represents an increase in
scarce forest land; whereas, for Estonia, Romania, France and Italy, forests already cover
a wide territory, which represents a strong commitment to expand forest even further
(Figure 9). Thus, we contend that for wet Mediterranean countries, such as Portugal and
Spain, forest fires play an important role in hampering the growth of forest areas, since
part of the afforestation effort is made to recover derelict areas as a result of forest fires. We
would like to stress the interesting weight of forest land in countries such as Estonia with
growth dynamics (Figure 9). This highlights the many potential opportunities that should
be explored by the relevant stakeholders.

When the employed persons in forestry and logging are analyzed, data shows that
Sweden, Germany, Poland, Romania, and Italy are the countries where forests makes
the greatest contribution to employment. However, when these employed persons are
weighted by the area of the respective country (Figure 6), the relative social importance
of the forest sector is higher in Latvia, Czechia, Slovakia, Austria, Slovenia, and Croatia.
In turn, the growth rates are higher in Ireland, Portugal, Germany, Slovakia, and Slovenia
(Figure 10). This reflects an increasing in investment and in green jobs in a mixture of all
types of countries, from those who have little forest to those with a well-established and
significant part of their territory under forest. Further research is needed to understand
the dynamics of job creation in each country, especially if we are to promote green jobs
related with forests throughout Europe. This is nevertheless good news for countries
such as Portugal, where more forest-related employment is important to create additional
dynamics and to deal with forest fire damage.

The net emissions/removal of CO2eq (emissions by sources minus removals by sinks)
from forest land is limited in some Mediterranean countries where the forest is important
(mainly in Portugal or Greece but also in Italy and Spain). This is similar in countries
with limited forest, i.e., Ireland, the United Kingdom, Czech Republic, Denmark, and the
Netherlands. This is the result of forest fires, which are responsible for enormous quantities
of carbon and other pollutants seeping into the atmosphere [109] (Figure 7). This witnesses
a positive feedback expected to reinforce climate change impacts.

The output from forest-related activities is higher in countries such as France, Ger-
many, and Sweden, as they have the capacity to economically explore their forest land.
Nonetheless, when the forest output is weighted by the total area (Figure 8), higher values
are shown in Germany and neighbor countries (i.e., Czech Republic, Slovakia, Austria,
and Slovenia). Regarding forestry output growth rates, higher values occur in Spain, the
United Kingdom, Sweden, Estonia, Lithuania, Poland, Slovakia, and Romania. When these
growth rates are weighed by the total area of the countries, the higher values are limited
to Estonia, Lithuania, Slovakia, and Slovenia (Figure 11). Estonia appears to have a great
potential of development for the forest sector; however, forest land growth has greater
economic impacts than social ones.

We have to stress the good forest management performance for all sustainability-
related dimensions in countries such as Sweden and Slovenia when we used relative values
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weighed by the total area of each country. In turn, some weaknesses can be found for
countries such as Spain (considering its total forest land). Nonetheless, there are signs of
improving the economic dynamics, especially considering the growth rates for the forest
output. These economic performances are obtained at environmental costs, considering
the levels of net CO2 emissions. In any case, the database may be better explored in terms
of relationships between forest management and sustainability. This is performed in the
next subsection through factor analysis to obtain a sustainability index.

Considering the data analysis carried out and the different forest contexts presented
in European Union countries, we suggest a common forest policy that utilizes better forest
management and better adjusted investment forest policy. This would be particularly
useful in countries such as Slovenia, where increases in socioeconomic impacts were not
accompanied by increases in forest area.

Forest Sustainability Index

Considering the previously analyzed variables related to the forest dimensions,
namely those linked with forest size (area), socioeconomic impact (persons employed
and output), and environmental implications (net emissions/removal of CO2eq), we ob-
tained a forest sustainability index through factor analysis (the only factor obtained with
principal-component factors (orthogonal varimax (Kaiser off)), following Stata [110–112]
and Torres-Reyna [113] procedures.

This index explained 67% of the total variance (Table 1) in the model. The sustain-
ability index was mainly defined by forest land, employed persons, and output, which
highlighted the relevance of the socioeconomic dimensions for forest planning (Table 2).
Forest environmental impacts were measured through net emissions/removal CO2eq and
had less relevance for this index, as witnessed by the value for uniqueness (higher than
0.5). The weaker relationship between the environmental dimension and other considered
variables is also confirmed in Table 3 for KMO (Kaiser-Meyer-Olkin) results related with
the sampling adequacy.

Table 1. Principal-component factors (orthogonal varimax (Kaiser off)).

Factor Variance Difference Proportion Cumulative

Forest sustainability index 2.687 0.672 0.672

Table 2. Rotated factor loadings and unique variances.

Variable Sustainability Index Uniqueness

Forest land 0.829 0.312
Employed persons 0.897 0.195

Net emissions/removal CO2eq −0.649 0.580
Output from forest activities 0.880 0.226

Table 3. Kaiser-Meyer-Olkin (KMO) measure of sampling adequacy.

Variable KMO

Forest land 0.727
Employed persons 0.653

Net emissions/removal CO2eq 0.585
Output from forest activities 0.614

Overall 0.646

This framework revealed that one of the objectives in the relationship between forest
management and sustainability should take advantages from forest land dimensions that
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promote the creation of improved socioeconomic dynamics and performances. Another
aim was the design of an adjusted strategy to improve the interlinkages between forest man-
agement and climate change, since environmental preservation of forest activity seemed
not to have an implicit consequence.

The values obtained for the forest sustainability index for all EU countries are pre-
sented in Figure 12, showing an average for the 2012–2017 period. Countries with better
correlation between variables were Sweden, Germany, Romania, France, Poland, Finland,
Italy, and Spain (the context for this country could be better, considering the level of forest
land). These are more sustainable countries, from a socioeconomic perspective (considering
the weak correlation of the environmental variable with the other variables in the model).
These results are in line with the data described before, presenting a clearer picture about
the interrelationships between the various indicators.
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5. Conclusions

The main objective of this research was to analyze the several dimensions of forest and
management topics, which were highlighted in the scientific literature and complemented
these insights with the correlations. in a European Union context, between indicators
linked with forest sustainability and management (i.e., land, employment, output, and
net emissions). We screened and surveyed 91 documents from the Web of Science. The
forest indicators were then analyzed through factor analysis to obtain a forest sustainability
index.

The literature review highlighted the interrelationships between forest management,
soil characteristics, and water quality. We found that forestry activities may contribute to a
better soil and water quality, but unsustainable forest management plans may render the
forest more vulnerable to biotic and abiotic disturbances. This is expected to have direct
and indirect impacts on soil potential. Other dimensions referred to in the literature with
implications arising from forest management are those linked with ecology, ecosystem
services, biodiversity, climate change, and the role of public policies and institutions.
Forests play a determinant role in climate change mitigation. Nevertheless, forests are
also impacted by these changes, especially in contexts that seem circular, cumulative, and
self-reinforced. Herein, we discerned that public policies were crucial for breaking these
vicious cycles and promoting better forest development where socioeconomic dimensions
should be compatible with environmental impacts.

The analyzed data highlighted (for absolute values) the performance of countries such
as Sweden for indicators related with forest sustainability and management, such as forest
land, employment, output, and net CO2eq emissions. In what concerns the relative values
(i.e., variables weighted by the total area of each country), the best performing country
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was Slovenia. From another perspective, the statistical information showed weaknesses
for countries with great forest land areas, as was the case of Spain. In fact, Spain is among
the European Union countries with high levels of forest area, but had better performances
in the output average growth rates than in the area growth rates or in the expected levels
of net emissions. Forest fires play an important role as they have consequences for forest
land. Increases in outputs were the result of better performances in productivities at
environmental costs.

Factor analysis and the forest sustainability index confirmed this trend and showed a
stronger correlation between forest dimension (forest land) and socioeconomic indicators
(forest employment and output). The correlation of these variables with climate change
impacts (net CO2eq) was weak. In other words, countries with greater forest areas and
forestry outputs did not coincide with those that presented lesser net CO2eq emissions.
There are some motives of concern here, given that the greater and more competitive
countries (in terms of forestry) do not take advantages of this context to develop forests
with more positive environmental impacts. This relationship thus deserves special attention
by its several stakeholders, namely European Union policymakers, national institutions,
forest owners, and researchers.

6. Future Research

In accordance with the literature review, future research should analyze the rela-
tionships between forest management and soil, water, biodiversity, endangered species,
protected areas, and representative ecosystems. These fields involve specific dimensions
that deserve deeper research. These are variables outside of forestry, but they are interre-
lated within forest management and require a different approach that considers diverse
interrelationships between sectors and activities where the concept of externalities should
be considered. Another relevant aspect that should be addressed is forest management
efficiency.
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