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Abstract: In recent years, there has been an increasing demand for certified forest products in
Europe. This trend is related to major worldwide challenges, such as the need to decarbonize
economy and mitigate climate change. But can forest certification itself also be a driver of investment
and economic valorization? The aim of this study is to determine the levels of forest certification
across Europe and to clarify the relationship between forest certification, investment or economic
valorization in forest-related markets, and scientific research using a vast range of publicly available
data, technical reports, policy briefings, and scientific publications. The findings show that
certification has grown in significance throughout Europe. Results suggest that forest certification
can indeed be a driver of investment in the sector and support public policies related to the
economic, environmental and social sustainability of the European forest while allowing access to
international markets. This study offers new perspectives to both natural and social scientists, but
also to industry and policy makers, by connecting the scientific research, the economic trade-offs of
forest certification, and the market value of forestry-related products, providing hints for further
studies needed and policy guidelines to increase sustainable development and impact of forest
certification schemes.
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1. Introduction

Forest represents around 39% of the land cover in Europe [1], with a highly variable distribution
across the continent [2,3]. Countries in Northern Europe generally have large forested areas, while
regions in Central-East and Central-West Europe have the lowest percentages of forest area [4]. Overall,
Europe has experienced an increase in forest area in the past few decades as a result of additional
afforestation programmes and natural regeneration initiatives on less productive lands [5,6].

Forests provide a wide range of ecosystem services, such as climate regulation, carbon
sequestration, biodiversity conservation and water regulation besides being the focus of livelihoods
for millions of people worldwide, with important economic outcomes, such as wood production,
non-wood forest products, and ecotourism [7-11]. In Europe, the forest sector contributes for
approximately 1% of the overall Gross Domestic Product (GDP), and employs closely to 2.6 million
people [12]. Climate changes, the expansion of the agriculture dedicated areas and the livestock
grazing pressure, the intensive exploitation of forests and frequent wildfires have been causing
additional damages to forests [13]. These major challenges intensify deforestation and forest
degradation, significantly decreasing their potential benefits to the planet while increasing the
unwanted greenhouse gas emissions, loss of biodiversity, and degradation of soil quality [14,15].

Sustainable forest management and its relationship to most relevant worldwide goals, such as a
low-carbon economy, biodiversity conservation and the mitigation of climate change, has boosted
the growing interest in certified forest-based products [16,17]. This has been driven mainly by
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consumer awareness and demand for sustainable products, as well as by public policies that promote
sustainable procurement practices for enhancing forest ecosystem services and related environmental
benefits, along with the increasing need for design and production of renewable biomaterials [18,19].
In response to this demand, many companies have now adopted sustainable sourcing policies that
require them to rethink the whole value chain and products from certified forests [20].

Forest certification was established as a tool to promote sustainable forest management practices
and to reduce the negative impacts of exploiting forests and their ecosystems [6,21]. The sustainable
forest management framework should contribute to the global balance of ecological, economic, and
social needs by making sure that forest resources are managed in a way that satisfies current demands
without endangering the needs of future generations [22,23]. The Forest Stewardship Council (FSC)
and the Programme for the Endorsement of the Forest Certification (PEFC) are the two main
certification schemes, certifying both forest management and the forest chain of custody [6,16,24].
The FSC, established in 1993, was the first certification scheme to set standards for responsible forest
management and to certify forests that meet those standards [25]. The PEFC provides a framework
for national forest certification standards [26], allowing national structures to develop their own
guidelines reflecting their local conditions and priorities. Additionally, forest management in Europe
is governed by a range of policies, laws, and guidelines that aim to promote sustainable forest
management. The European Union (EU) has developed a comprehensive framework for forest
management through its Forest Strategy, adopted in 2021. This strategy outlines a set of objectives
and actions that aim to promote sustainable forest management and ensure that forests continue to
provide a wide range of environmental, social, and economic benefits [27]. Several of these policies
are grounded on the notion that the investment in forests has the potential to provide financial returns
while promoting sustainable forest practices [28]. It is this potential valorization and financial return
that is yet undefined and that needs to be further validated.

The forest sector must be sustainable and resilient in all of its aspects including economically,
and the certification procedures comprise additional costs to producers and forest managers [19]. An
international commitment to sustainability has been established based on the concept that sustainable
development represents an urgent need that should be aimed and accomplished by all countries
through the coordinated efforts of a variety of individuals and organizations [23]. As forests play an
essential role in sustainable development and have a direct impact on the carbon cycle, climate
change, and biodiversity [7-11], they were considered in the original definition of sustainability, and
their impacts were integrated into sustainable indicators and metrics [29]. The Environmental
Performance Index (EPI) aims to measure the environmental health and ecosystem vitality at the
national level for hierarchical purposes [30] and Sustainable Development Goals (SDG) give focus to
the social, economic, and environmental sustainability [31]. The emphasis on sustainability addressed
by EPI and SDG should be mandatory for all nations and not just those in developing regions.

The potential for guiding society towards a more sustainable future relies on scientific and
technological advancement. Scientific findings are essential for promoting forestry-related
knowledge and innovation. They offer information on the novel management techniques and the
most sustainable forest practices [30]. Quantifying the economic, environmental, and social
advantages of certification may inspire forest owners to pursue certification and investors to finance
certified industries and products. The impact of research on investment choices in forest related
topics, across Europe, can be better understood by examining the relationship between the number
of scientific publications focused on forest certification and the level of investment in the sector by
country. Scientific publications serve as valuable sources of information and guidance for
policymakers, investors, and practitioners involved in forestry [30], delivering evidence-based
research, case studies, and practical recommendations. Integrating scientific research with data from
the forest certification process and the economy of the sector will help to clearly define the risks,
advantages, and potential for attracting additional investments and market expansion. There is a
significant call from the forest sector for improving financing to address the lack of funds for
biodiversity protection and sustainable land management [32]. Investment patterns are still favoring
activities that are economically relevant but not always environmentally sustainable [33].
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By studying and disseminating new knowledge on the benefits and potential risks of investing
in forests, as well as good practices in their sustainable management and ecosystems conservation
for the greater good, scientific publications may play a crucial role in encouraging and informing
political and investment decisions. The aim of this study is to provide an analysis of the levels of
forest certification across Europe and to identify key factors influencing the relationship between
forest certification, research, and investment or economic valorization of the forest-related markets.
In this context, the present study explores the available information from technical reports, policy
documents, and other reliable public data sources associated with forest certification and related
economic indicators by country in Europe and infers the impacts they have depending on the types
of forest management and certification schemes in the different member states. This research also
looks at the relevance of scientific studies on this topic and its potential relationship with the
economic impact of forest certification on each country. The relevance of the scientific research was
assessed by the number of studies with specific keywords related to this topic that were retrieved
from the Scopus database for each European nation.

2. Materials and Methods

A thorough search was conducted on reputable institutional websites, public platforms and
databases known to publish data, technical reports and policy briefings linked to forestry, forest
certification, economic indicators, and environmental indicators for European countries. The Scopus
database was searched for European scientific publications on economic research and forest certification.

2.1. Public and institutional data selection and extraction

2.1.1. Total forest and certified forest areas

Data related to total land area, total forest area and total certified forest area for the year 2020
and for each European country were collected from [34]; the forest area certified by PEFC [35] and
certified by FSC [36] were obtained from the respective institutional sites. The percentage (%) of forest
area was obtained by dividing the total forest area of each country (1000 ha) by the respective total
land area (1000 ha). The percentage (%) of total certified forest area was determined by dividing the
certified forest area (1000 ha) by the total forest area of each country. The percentage (%) of certified
forest areas by PEFC was calculated by dividing the total certified forest area by the area certified by
this organization for each country. The percentage (%) of certified forest area by FSC was quantified
by dividing the total certified forest area by the area certified by this programme within each country.

2.1.2. Economic indicators

The economic indicators for the year 2020 1) intermediate consumption (million euros), 2) the
gross value added (GVA) (million euros), and the 3) outputs from the forest sector and related
secondary activities (million euros), were extracted from [12]. The GVA represents the contribution
of each sector, in this particular case of the forest sector, to the economy of a country by calculating
the value of the output of the sector minus the cost of intermediate consumption [12]. Economic
indicators were weighted by certified forest by multiplying the value for each indicator by the
proportion of area certified for country.

2.1.3. Environmental indicators

Data related to environmental indicators were obtained from the Environmental performance
index (EPI) database [37] and from the [38]. The selected environmental indicators were EPI and the
terrestrial biome protection, global, in biodiversity and habitat (TBG) both for the year 2020 [30]. SDG
15, protect, restore and promote sustainable use of terrestrial ecosystems, sustainably manage forests,
combat desertification, and halt and reverse land degradation and halt biodiversity loss, was also
addressed through SDG15.2.1 targets: proportion of forest area within legally established protected
areas for the year 2020 and proportion of forest area under a long-term management plan [31].
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2.1.4. Selected countries

Due to the statistics available for the chosen indicators and variables, 28 European countries
were selected and further investigated in the present study: Austria (AT), Belgium (BE), Bosnia and
Herzegovina (BA), Bulgaria (BG), Croatia (HR), Czechia (CZ), Denmark (DK), Estonia (EE), Finland
(FI), France (FR), Germany (DE), Hungary (HU), Ireland (IE), Italy (IT), Latvia (LV), Lithuania (LT),
Luxembourg (LU), Netherlands (NL), Norway (NO), Poland (PL), Portugal (PT), Romania (RO),
Slovakia (SK), Slovenia (SI), Spain (ES), Sweden (SE), Switzerland (CH), United Kingdom (UK).

2.2. Scientific publications selection

2.2.1. Scopus database search

To collect scientific data for this review, a comprehensive search was conducted using the
electronic database Scopus. The search was conducted during June 2023, using specific words related
to forest certification in Europe (Table 1). The search strategy was designed to identify all relevant
documents published since ever available through the Scopus database.

Table 1. Search query, keywords in title, abstract and in authors” keywords, origin and number of
publications from Scopus database in English of each search query.

Keywords (TITLE-ABS-KEY) Additional words Geography Number of publications
- World 2565
- Europe 594
Economy family words Europe 445
(forest AND certification) OR “forest Economic value Europe 18
e Y B Market Europe 326
certification” OR “certified forest” OR Finance family words  Europe 123
(fsc AND forest*) OR (forest* AND
Investment Europe 59
pefc) Valorization Europe 7
Value chain Europe 56
Chain of custody Europe 68
Performance Europe 156
Profitability Europe 34
Cost-Benefit Europe 17

To be included in this review, documents had to meet the following criteria: (1) to include one
or more of the search words in the document title, in the abstract and/or in the document keywords;
(2) to be written in English; (3) to be originated from any country from Europe (country of each co-
author). Studies or reports that did not meet these inclusion criteria were excluded from the review.
In addition, studies that were duplicates, case reports, or editorials were also excluded (final database
retrieved 452 documents).

2.2.2. Scientific data analysis

The data extracted from the articles included the number of the selected words within each
publication, the type of publication, the country of origin of all co-authors, the publication year, the
forest certification standard studied, author’s and indexed keywords. The extracted data was
synthesized using the CADIMA web tool (https://www.cadima.info/index.php). Data related to
author’s and indexed keywords and European countries was analyzed with the software VOSviewer
version 1.6.19 (https://www.vosviewer.com/).

2.2.3. Limitations

This literature compilation had limitations that were considered by the authors. First, the search
was limited to articles published in English, which may have excluded relevant studies published in
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other languages. This limitation could be overcome by collaboration with colleagues form those
countries able to replicate the same methodology in their own national language and databases.
Second, the search was limited to Scopus database, although being considered one of the most
relevant scientific databases in the world, other relevant publications with no Scopus indexation may
be excluded. To partially circumvent this limitation, we have included a vast amount of grey
literature and non-indexed studies, data sources and technical reports. Additionally, the search was
limited to studies that met specific inclusion criteria, which may have resulted in the exclusion of
studies that could have contributed to the present work.

3. Results

3.1. Forest certification status and economic indicators

To first understand the geographical distribution of forest land cover and its relation to FSC and
PEFC certified forest area, FAO [34], PEFC [35] and FSC [36] databases were screened and data was
extracted by European country. According to data from FAO [36], the average amount of forest cover
in the 28 European countries that were screened corresponded to 36% of the total country land area,
with 15 of those countries having a forest area between 30% and 40%. Finland, Sweden and Slovenia
were the countries with the largest percentage of forested area in the European Continent, reaching
the highest value of 74% in Finland and 69% in Sweden. The countries with the lowest percentage of
forest area were the Netherlands and Ireland with the forest land use corresponding to circa 11% of
the land area (Figure 1).

Country

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
Forest area (%)

Figure 1. Total forest area by country in Europe, in terms of percentage of the total country land area,
obtained as the ratio between the total forest area (ha) and the total country land area (ha) of each of
the European countries Austria (AT), Belgium (BE), Bosnia and Herzegovina (BA), Bulgaria (BG),
Croatia (HR), Czechia (CZ), Denmark (DK), Estonia (EE), Finland (FI), France (FR), Germany (DE),
Hungary (HU), Ireland (IE), Italy (IT), Latvia (LV), Lithuania (LT), Luxembourg (LU), Netherlands
(NL), Norway (NO), Poland (PL), Portugal (PT), Romania (RO), Slovakia (SK), Slovenia (SI), Spain
(ES), Sweden (SE), Switzerland (CH), United Kingdom (UK). Source of the original dataset [34].

In comparison to the area covered by forest, the analysis of the certified forest area published by
[34] in each of the 28 European countries revealed a different pattern: By having all of its forest certified
(100%) by at least one of the two organizations, FSC and PEFC, Croatia had the highest proportion of
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certified forest area followed by Bosnia and Herzegovina (86%). Austria (83%) and Finland (82%) each
had more than 80% of accredited forest area. Italy, Spain, Hungary, and Portugal had the lowest
percentage of certified forest land, with numbers ranging from 9% in Italy to 15% in Hungary and
Portugal. More than 50% of the forest area in 15 of the 28 nations has already received FSC and/or PEFC
certification. The average certified forest area among the 28 nations was 51% (Figure 2).
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Figure 2. Certified forest area, as percentage of the total forest area, by country in Europe, obtained
as the ratio between the total certified forest area (ha) and the total forest area (ha) of each of the
European countries Austria (AT), Belgium (BE), Bosnia and Herzegovina (BA), Bulgaria (BG), Croatia
(HR), Czechia (CZ), Denmark (DK), Estonia (EE), Finland (FI), France (FR), Germany (DE), Hungary
(HU), Ireland (IE), Italy (IT), Latvia (LV), Lithuania (LT), Luxembourg (LU), Netherlands (NL),
Norway (NO), Poland (PL), Portugal (PT), Romania (RO), Slovakia (SK), Slovenia (SI), Spain (ES),
Sweden (SE), Switzerland (CH), United Kingdom (UK). Source of the original dataset [34].

According to data extracted from the FSC database [36], the average amount of forest land in the
chosen countries that had been certified by this organization was 36%, with 10 countries accounting
for more than 50% of the total forested land. This organization has certified the entire forest area in
Croatia, and in Sweden and Bosnia and Herzegovina, the percentage of certified forest land has
reached 88% and 70%, respectively. This programme did not certify any forest area in Austria and
had a negligible (1% in both) presence in France and Italy (Figure 3).
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Figure 3. Certified forest area by FSC, as percentage of the total certified forest area, by country,
obtained as the ratio between the area certified by FSC and the total certified forest area for the year
2020 of each of the European countries Austria (AT), Belgium (BE), Bosnia and Herzegovina (BA),
Bulgaria (BG), Croatia (HR), Czechia (CZ), Denmark (DK), Estonia (EE), Finland (FI), France (FR),
Germany (DE), Hungary (HU), Ireland (IE), Italy (IT), Latvia (LV), Lithuania (LT), Luxembourg (LU),
Netherlands (NL), Norway (NO), Poland (PL), Portugal (PT), Romania (RO), Slovakia (SK), Slovenia
(SI), Spain (ES), Sweden (SE), Switzerland (CH), United Kingdom (UK). Source of the original dataset
of the certified forest area by country [34] and of the area certified by FSC [36].

A different profile from FSC was seen when analyzing data from PEFC certification. Of the selected
countries, 14 have more than 50% of their total forest cover certified by the PEFC, which on average
certified 38% of their forested area. This programme accredited a higher percentage of area in Austria
and Finland, 87% and 85%, respectively. In Slovenia and Bosnia and Herzegovina, no forest area was
certified by PEFC whereas in Romania and the Netherlands this organization certified 1% of the forest
area (Figure 4). Slovenia and Slovakia had almost equal percentages of their total forest area certified
by the two programmes: in Slovenia, 52% of the forest was certified by FSC, while 50% was certified by
PEFC, and 59% of the entire forest area in Slovakia was certified by both organizations.
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Figure 4. Certified forest area by PEFC, as percentage of the total certified forest area, by country,
obtained as the ratio between the area certified by FSC and the total certified forest area for the year
2020 of each of the European countries Austria (AT), Belgium (BE), Bosnia and Herzegovina (BA),
Bulgaria (BG), Croatia (HR), Czechia (CZ), Denmark (DK), Estonia (EE), Finland (FI), France (FR),
Germany (DE), Hungary (HU), Ireland (IE), Italy (IT), Latvia (LV), Lithuania (LT), Luxembourg (LU),
Netherlands (NL), Norway (NO), Poland (PL), Portugal (PT), Romania (RO), Slovakia (SK), Slovenia
(SI), Spain (ES), Sweden (SE), Switzerland (CH), United Kingdom (UK). Source of the original dataset
of the certified forest area by country [34] and of the area certified by PEFC [35].

Regarding the expenses, it was feasible to confirm that, on average, the countries selected had
an intermediate consumption of 120 (€. ha™) in 2020 by analyzing the cost by certified forest area.
Czechia incurred the most expense, valued at 466 €, with 69% of its forests certified. Italy (4.2 €. ha™)
and Spain (6.8 €. ha™) spent the least per unit of certified forest area; Italy had 9% of its forest certified
while Spain had 13% certified (Figure 5).

Considering the outcomes, Czechia recorded the highest profits from certified forests, at 701 €.
ha, according to the examination of the outputs produced by the forest sector and related activities.
Italy and Spain reported the lowest revenues, at 24 €. ha' and 13 €. ha™, respectively. The analysis of
the 28 nations revealed that, on average, gains were 211 €. ha, with 10 of the countries reporting
gains that were higher than the average (Figure 5).

In terms of GVA, the highest value, worth 235 €. ha™', was likewise recorded in Czechia, while
the lowest GVA, valued 7 €. ha™, was recorded in Spain. Of the 28 countries, 11 had GVA related to
the forest sector that was higher than the global average, which was 92 €. ha™! (Figure 5). In all the
countries under study, the expenditure for the year 2020 was lower than the product generated by
the secondary activities and the forest sector. When comparing the disparities between the GVA and
the expenditure for the same year, only 10 countries had positive results, ranging from 151 €. ha' in
Bosnia and Herzegovina to 2 €. ha? in Norway. For all the other nations the difference was
consistently lower than the intermediate consumption, ranging from -0.3 €. ha™ in Spain to -232 €.
ha in Czechia. Overall, there was a -29 €. ha™! mean variance among these variables (Figure 5).
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Figure 5. Forest area (%, green line), certified forest area (%, yellow line), intermediate consumption
(€. ha''; orange bars), output of forest and connected secondary activities (€. ha™'; grey bars) and gross
values added (GVA) (€. ha™}; blue bars), all for the year of 2020 and for the European countries Austria
(AT), Belgium (BE), Bosnia and Herzegovina (BA), Bulgaria (BG), Croatia (HR), Czechia (CZ),
Denmark (DK), Estonia (EE), Finland (FI), France (FR), Germany (DE), Hungary (HU), Ireland (IE),
Italy (IT), Latvia (LV), Lithuania (LT), Luxembourg (LU), Netherlands (NL), Norway (NO), Poland
(PL), Portugal (PT), Romania (RO), Slovakia (SK), Slovenia (SI), Spain (ES), Sweden (SE), Switzerland
(CH), United Kingdom (UK). The original data for the intermediate consumption, output of forest
and related secondary activities and GVA were obtained from [12] and the total forest area and the
certified forest area was obtained from [34].

The relationship between intermediate consumption and the proportion of certified forest land
demonstrated, as expected, an increased tendency for certified forest area to correlate with higher
costs. When the certified area reached between 50 and 60%, the cost per ha tended to stabilize, and it
then started to decline when 70% or more of the forest had certification. The Czechia, which had a
69% forest certification area and an intermediate consumption of 466 €. ha™, represented the biggest
deviation from this trend (Figure 6).
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Figure 6. Relation between the intermediate consumption in 2020 by country, in euros per ha, and the
respective certified forest area for the European countries Austria (AT), Belgium (BE), Bosnia and
Herzegovina (BA), Bulgaria (BG), Croatia (HR), Czechia (CZ), Denmark (DK), Estonia (EE), Finland
(FI), France (FR), Germany (DE), Hungary (HU), Ireland (IE), Italy (IT), Latvia (LV), Lithuania (LT),
Luxembourg (LU), Netherlands (NL), Norway (NO), Poland (PL), Portugal (PT), Romania (RO),
Slovakia (SK), Slovenia (SI), Spain (ES), Sweden (SE), Switzerland (CH), United Kingdom (UK). The
original data for the intermediate consumption was obtained from [12] and the certified forest area

was obtained from [34].

The analysis of the relation between the forest outputs and related secondary activities revealed
an increase in revenues proportional to the percentage of certified forest within each country,
particular evident in countries with low certification values and low incomes. The relation was not
so clear when the percentage of certified area increased but was possible to observe a tendency for
the revenues to plateau after at least 70% of the forest had received certification. Once more, Czechia
was out the general trend reporting the highest output, 701 €. ha™. In contrast, Croatia, which had all
of its forested land certified, recorded relatively low income, comparable to that of nations with 30 to
40% of forest certified (Figure 7).
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Figure 7. Relation between the output generated by the forestry sector and related secondary activities
in 2020 by country, in euros per ha, and the respective certified forest area for the European countries
Austria (AT), Belgium (BE), Bosnia and Herzegovina (BA), Bulgaria (BG), Croatia (HR), Czechia (CZ),
Denmark (DK), Estonia (EE), Finland (FI), France (FR), Germany (DE), Hungary (HU), Ireland (IE),
Italy (IT), Latvia (LV), Lithuania (LT), Luxembourg (LU), Netherlands (NL), Norway (NO), Poland
(PL), Portugal (PT), Romania (RO), Slovakia (SK), Slovenia (SI), Spain (ES), Sweden (SE), Switzerland
(CH), United Kingdom (UK). The original data for the output of forestry and connected secondary
activities was obtained from [12] and the certified forest area was obtained from [34].

The percentage of certified forest land and GV A showed a positive relation, with this indicator
rising exponentially as the percentage of forest area increased. The tendency is clearer until reaching
50% of forest with certification. Countries with higher values of certified forest, presented more
distinct patterns (Figure 8).
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Figure 8. Relation between the Gross value added (GVA) in 2020 by country, in euros per ha, and the
respective certified forest area for the European countries Austria (AT), Belgium (BE), Bosnia and
Herzegovina (BA), Bulgaria (BG), Croatia (HR), Czechia (CZ), Denmark (DK), Estonia (EE), Finland
(FI), France (FR), Germany (DE), Hungary (HU), Ireland (IE), Italy (IT), Latvia (LV), Lithuania (LT),
Luxembourg (LU), Netherlands (NL), Norway (NO), Poland (PL), Portugal (PT), Romania (RO),
Slovakia (SK), Slovenia (SI), Spain (ES), Sweden (SE), Switzerland (CH), United Kingdom (UK). The
original data for the GVA was obtained from [12] and the certified forest area was obtained from [34].

Relating to the EPI, the 28 countries had in average a score of 61, with Denmark and United
Kingdom presenting the highest values, 77.9 and 77.7 respectively. All countries had values of EPI
higher than 50, regardless the percentage of certified forest area, except for Bosnia and Herzegovina
with a value of 39.4 and 86% of certified forest (Figure 9). The indicator for terrestrial biome
protection, global, in biodiversity and habitat (EPI - TBG) had a mean value of 16 related to all the 28
countries investigated. Within those countries, 19 had the equal and maximum value observed of 17.
The minimum value was reported to Bosnia and Herzegovina with the value 4.5 (Figure 9).
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Figure 9. Environmental performance index (EPI) for the year 2020 (light green bars) and terrestrial
biome protection, global, in biodiversity and habitat (EPI - TBG) for the year 2020 (dark green bars),
and by country and the respective certified forest area (%, yellow line) for the European countries
Austria (AT), Belgium (BE), Bosnia and Herzegovina (BA), Bulgaria (BG), Croatia (HR), Czechia (CZ),
Denmark (DK), Estonia (EE), Finland (FI), France (FR), Germany (DE), Hungary (HU), Ireland (IE),
Italy (IT), Latvia (LV), Lithuania (LT), Luxembourg (LU), Netherlands (NL), Norway (NO), Poland
(PL), Portugal (PT), Romania (RO), Slovakia (SK), Slovenia (SI), Spain (ES), Sweden (SE), Switzerland
(CH), United Kingdom (UK). The original data for the EPI 2022 was obtained from [37] and the
certified forest area was obtained from [34].

The target of the proportion of forest area within legally established protected areas, as well as,
the indicator of proportion of forest area under a long-term management plan (Figure 12) reflect the
progression of the countries towards sustainable forest management [38]. The average for all countries
in terms of the forest area within legally established protected areas was 20%, with 13 nations above
average. The highest percentage was reported by the Netherlands with 60%, and the lowest percentage
was stated by Croatia with 3%. It is worthy to note that the trend among the countries with less than
50% certified forest is of the protected areas to follow the evolution of certified forest area, with the
exception of Italy and Spain, where the percentage of protected forest highly exceed the percentage of
forest with certification. Above 50% of forest certified no trend was observed and, in some cases, the
value of protected areas was very low when taking the percentage of certified forest into account (Figure
10). The target of the proportion of forest area under a long-term management plan had an average
value across all nations of 67%, with 8 nations—Croatia, Finland, Czechia, Slovakia, Latvia, Lithuania,
Slovenia, and Hungary —getting as high as 100% by the year 2020. In 2016, the final year for which
Portugal provided the value for this indicator, Portugal reported the lower number, 27%, as its reference
value. All of the countries, with the exception of Austria, Germany, and Norway, reported percentages
of forested areas under long-term management plans that were equal to or higher than their respective
percentage of certified area. Austria had the higher gap between this indication (50%) and the certified
forest area (83%). Regarding this target, no data was available for Italy, Luxembourg and, Bosnia and
Herzegovina (Figure 10).
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Figure 10. Sustainable development goal (SDG) 15.2.1 targets of the proportion of forest area within
legally established protected areas for the year of 2020 (%, dark green bars) and of proportion of forest
area under a long-term management plan for the year of 2020 (%, light green bars), and the respective
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certified forest area (%, yellow line) for the European countries Austria (AT), Belgium (BE), Bosnia
and Herzegovina (BA), Bulgaria (BG), Croatia (HR), Czechia (CZ), Denmark (DK), Estonia (EE),
Finland (FI), France (FR), Germany (DE), Hungary (HU), Ireland (IE), Italy (IT), Latvia (LV), Lithuania
(LT), Luxembourg (LU), Netherlands (NL), Norway (NO), Poland (PL), Portugal (PT), Romania (RO),
Slovakia (SK), Slovenia (SI), Spain (ES), Sweden (SE), Switzerland (CH), United Kingdom (UK). The
original data for the SDG 15.2.1 indicator was obtained from UN (2023) and the certified forest area
was obtained from [34]. The asterisk (*) indicates countries whose last data was reported between
2015 and 2018.

3.2. Forest certification in Europe— Scientific research

Results from scientific search demonstrated that, although more than 2565 publications related
to forest certification were found in the Scopus database, 594 (22%) had European authors and co-
authors. The United States of America was the most represented country with more than 600
publications available on Scopus database. From those publications, 76% of the documents were
found to have at least one of the words chosen for this study as well as the issue of forest certification
in their title, abstract, or keywords; the equivalent percentage of publications worldwide was 78%.

From the selected terms, economy, related family words, and market were the words that were
found in a higher percentage of publications from Europe and related to forest certification within
the Scopus database (86% and 62%, respectively). In relation to other searched words, the proportion
of scientific articles where they were detected decreased to between 32% (performance) and 2%
(valorization) (Table 2).

Table 2. Publications in English (in percentage) on which the economic related terms (search words)
were found in the title, abstract or keywords, exclusively published by European co-authors retrieved
from Scopus database in June 2023.

Economic related search words Publications in English (%)
Economy 86%
Market 62%
Performance 32%
Finance 23%
Chain of custody 14%
Value chain 11%
Investment 10%
Profitability 7%
Cost Benefit 4%
Economic value 3%
Valorization 2%

The analysis of all publications regarding the quantity of search words revealed that 29% of the
documents retrieved contained two combinations of the chosen terms, 26% contained one, and 24%
contained three. The number of publications with four and five keywords were 12% and 7%, respectively,
while six and seven of the chosen words was the minimum noted, 1% for the two word counts.

By analyzing the timeline of the obtained scientific data, we could determine that publications
relating forest certification and keywords related to economy were first published in 1996. Starting in
1996 and 1997, it was possible to observe an increasing tendency of including the words economy,
market and finance in certified forest related studies and analysis. Terms and concepts such as
investment and value chain were only later included, around 2000 and 2006 respectively. In line with
the findings shown in the previous graphs, the words economy and market were the most mentioned
throughout time (Figure 11).
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Figure 11. English publications (n) on which the economic related terms (search words) were found
in the title, abstract or keywords, distributed by year of publication, exclusively published by
European co-authors and retrieved from Scopus database in June 2023.

The author keywords and the keywords indexed to each of the publications were analyzed in
terms of relevance and interaction between them. It was possible to observe 3 major clusters: one
cluster more centered in the keyword certification (green), another around the keyword biodiversity
(blue), and another focused on the keyword forestry (red). The keyword economics was observed in
the red cluster. The most frequent keywords were forestry, certification, and forest management,
mentioned 174, 145 and 132 times, respectively. The keywords more frequently found among those
related to the search terms of this study were economics (18), economics and social effects (16) and chain

of custody (15) (Figure 12).
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Figure 12. English publications aggregated and linked by keywords (authors’ keywords and indexed
keywords) on which the economic related terms were found in the title, abstract or keywords,
distributed by year of publication, exclusively published by European co-authors and retrieved from
Scopus database in June 2023. Data analysis and image creation was performed with software

VOSviewer version 1.6.19.

Four major clusters centered on the following nations were found in terms of where the
corresponding author or co-authors were from: United Kingdom (green), Sweden and Finland (blue),


https://doi.org/10.20944/preprints202311.1966.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 30 November 2023 doi:10.20944/preprints202311.1966.v1

15

Italy (purple), and Germany (red). The most represented countries in terms of the selected
publications were the United Kingdom, with co-authorship on 64 documents, and Italy and Sweden,
both represented in 59. Finland had participated in 56 publications, and Germany in 50. The countries
with the fewest publications on this topic were Cyprus and Lithuania, both with two publications,
and Luxembourg with only 1 (Figure 13).
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Figure 13. English publications aggregated and linked by country (co-authors’ country) on which the
economic related terms were found in the title, abstract or keywords, distributed by year of
publication, exclusively published by European co-authors and retrieved from Scopus database in
June 2023. Data analysis and image creation was performed with software VOSviewer version 1.6.19.

4. Discussion

The forest covered area varied greatly across the European nations investigated, with countries
like Finland and Sweden having nearly 70% of their land cover forested, while Netherlands and
Ireland presented circa 11% of forest area. This fact is not only related to a country geographical
condition but also is an indicator of different types of forests, distinct management approaches, and
national forest policies [39]. However, despite variations in forest coverage across countries, statistics
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showed that between 2000 and 2018, the quality of more than 60% of the forest in Europe has
increased [3]. Forest certification has made significant progress in Europe in promoting sustainable
forest management practices [21], a concept that has been growing in acceptance and popularity in
both national forest plans and international forest policy [40]. Our results demonstrated that the
pattern observed within European countries in relation to forest coverage is not yet fully reflected in
the proportion of certified forest. Even though Finland had the highest percentage of forest area and
more than 80% of certified forests, Croatia, Bosnia and Herzegovina, and Austria all had even higher
certification rates.

More than 98 million hectares of the European forest, representing around 50% of the total forest
area in Europe, are certified by one or both of these two certification schemes, FSC and PEFC [35,36],
with PEFC certifying more area than FSC within the analyzed countries. Results from this work
indicated that few countries were certified by the two organizations at equivalent rates, most of the
countries presented a prevalence of one of the certification schemes. This last result is in agreement
with the findings reported by other authors [6,41,42]. Countries continue to have an evident
preference for one of the certification standards (e.g., Austria and Finland preferring PEFC, and
Croatia preferring FSC), other countries like Ireland lost that partiality to have an almost equal
percentage of forest certified by both organizations. Ireland and Portugal who, according to [6], had
no forest certification by PEFC now presented forest certified by this organization (59% and 10%
respectively). The adequacy of FSC and PEFC standards depends on the environmental and
socioeconomic context of a given nation or sector, and of the stakeholder perspectives on how to best
address the main obstacles of forest certification [42]. In countries like Croatia, where the majority of
the forest is managed by the state [43], FSC certification is frequently considered as a means of
validating the quality and competence of state forest management organizations [44], justifying the
high amount of certified forest area under this standard [6]. On the other hand, the external credibility
of companies with greater efficiency and economic profitability, as well as the access to international
markets, have been significant drivers of entry into PEFC certification [20,45] for European countries.
This tendency to increase the presence of both standards in many European countries is often a
requirement to have access to international markets and a response of companies to the market
trends, as the two schemes have no mutual recognition [6,20,22] and different consumer markets may
prefer different certification brands.

From a more economic perspective, Czechia stood out as the country with a higher expense for
certified forest area, but also with larger outputs from forest sector and connected secondary
activities. These results may be justified by the implementation of national policies that continued
favoring conventional management techniques, with focus mostly on the production of timber and
other wood products [46]. The levels of those variables were noticeably lower in Italy and Spain.
According to Martinho and Ferreira [47], the production from forest-related activities (2012-2017)
was higher in Germany, Czechia, Slovakia, Austria, and Slovenia when weighted by the total land
area of the respective country. Considering total revenues for the same period, France, Germany, and
Sweden proved to have the capacity to economically explore successfully their forest land [48]. Both
studies supported the importance of forests in Czechia, but weighting the economic indicators by the
ratio of certified forest area it was possible to better understand the dynamic between forest
certification and the economy of the sector in that country. As expected, results from the current study
indicated that in terms of GVA, Czechia continued to be the top-ranked nation, followed by
Netherlands and Slovakia. Croatia, a country with all its forest land certified by FSC, had a mean
GVA value (116€. ha™), suggesting some inefficiency to successfully and fully explore and increase
the outcomes of its forested territory. Such economic pattern may be the effect of (lack of) internal
policies and the predominance of the public ownership of the forest territory [43] with less active
commercial focus.

The overall analysis of the intermediate consumption demonstrated a tendency for costs to rise
along with the increment of certified forest area, supporting the fact that the certification process is
often expensive, particularly at a small scale [6,49]. However, this rise tends to plateau after a certain
scale is reached within certification coverage (e.g., around 70% area certified) probably implying that
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itis indeed possible to sustain at scale a profitable certification scheme where costs are controlled and
outputs may be further increased. Additionally, a rise in investment and the formation of green jobs
has also been observed in nations with variable levels of forest cover, from those with little to those
with a large and established portion of their territory covered by forest [48]. The forest output pattern
evidenced a positive bias, increasing with the ratio of forest with certification, but quite divergent
among countries with more than 50% of the area certified. This is most probably due to external
conditions specific for each country, such as market access and political and industrial adequate
frameworks. In terms of the relation of GVA with the forest certified, it was nearly exponential,
indicating that in general the more certified forest area, the higher the relevance of the sector in the
economy of the country, which supports the value of such schemes. Our results reinforce the
assumptions of other authors [6,39,50], that the forest certification ought to support an economically,
socially, and environmentally viable forest management. In Finland and Sweden, forest and forest
management have become further economically relevant as a result of the high number of jobs
associated with the forest industry and the rising demand for certified and sustainably managed
forest derived products from significant international markets for timber and pulpwood [39,50].

National governmental authorities and their forest regulations have a significant impact on the
economy of the forest sector, but the market context and access in the different European countries is
also of crucial importance [6,44]. Particularly, markets for timber and pulpwood encouraged
landowners to make expenditures in forest management to increase forest productivity [50]. In the
last years, forest certification helped to promote the shift of forest management from timber and
productivity to a wider range of other ecosystem services such soil conservation and water
regulation, using novel approaches to forest governance that involve the interaction of public and
private stakeholders [51,52], targeting goals completely aligned with those established within the EPI
and the SDG [30,31,35,36].

The findings from our work show no relation between the EPI (general) and the ratio of certified
forest, with all of the investigated countries presenting a score equal or higher to 50. The only exception
was Bosnia and Herzegovina who scored 39. These results are aligned to what was expected from a
more general indicator as the EPI, where the contribution of forest sector is in some way diluted within
the overall contributions of other sectors impacting the environment. The EPI ranks 180 nations
worldwide on their progress towards enhancing environmental sustainability using 40 performance
indicators within 11 categories [30]. Results from the EPI-TBG indicator, connected to global protection
of terrestrial ecosystems in biodiversity and habitat [30], reinforced the absence of link with the ratio
forest certification of the European countries already observed with the general EPI. Countries like Italy
and Spain with circa 10% of certified forest area scored the same value as countries like Lithuania with
60% of forest with certification and Croatia with all its forest certified. Once more, Bosnia and
Herzegovina recorded the lowest value, being the second country with more ratio of certified area. Not
all the terrestrial ecosystems are forest related, varying greatly in type, number and dimension across
countries. Also, the extent of countries investigated from all the continents, attenuates the differences
among European countries. In general, European forest ecosystems are productive, well-connected to
other forests, and successfully incorporated into the landscape [3]. Having a rate of certified forest of
nearly 50% across all EU just emphasizes these conclusions.

Higher variation was observed between the selected countries when considering the SDG 15
indicator, target 15.2.1, proportion of forest area within legally established protected areas. This
indicator focuses specifically on protected forest areas, which have different status and focus than
certified forest areas. With the exception of Italy and Spain, where the percentage of protected forest
vastly exceeded the percentage of forest with certification, the trend among the nations with less than
half of certified forest was for protected areas to follow along with the growth of certified forest area.
No trend was seen over that threshold of certified area. The area of planted forest is growing in Europe,
along with the demand for wood and other services provided by forest plantations [53]. Forest
plantations are often related to the conservation and recovery of natural forests [54], however the
majority of forest plantations are still mainly managed for wood production and tend to have low ratios
of protected areas [55]. The target addressing the proportion of forest area under a long-term
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management plan showed that Croatia, Finland, Czechia, Slovakia, Latvia, Lithuania, Slovenia, and
Hungary had all their forest area covered by such planning, regardless the percentage of their forest
area with certification. Except for Italy, Luxembourg and, Bosnia and Herzegovina (no data available),
only Austria and Norway had ratios of forest area under a long-term management plan inferior to the
certified forest. These findings suggest that, although forest certification can be a main driver in both
sustainable commercial exploitation of forest areas, as well as, developing long-lasting management
plans, in general European countries have a main concern to define and implement sustainable
management forest strategies beyond forest certification, covering specific protected forest areas. The
sustainable management of forest plantations, both at stand and landscape levels, is the most effective
way to maintain the economic benefits of forest plantations while promoting their multifunctionality
and the synergy between ecosystem services [53,54]. The attainment of sustainability in the forest sector
in Europe might differ significantly between nations, not only through forest certification but also by
the definition and adoption of case-specific measures and transparent national policies while playing
the correct balance between certification and protection forest areas, to sustain a responsible balance for
future generations. Depending on the country, it may have a negative effect on the economy cost
structure, increasing costs and lowering GVA [23], but can also led to currently unvalued and not yet
monetized ecosystem services and recovery of valuable biomass.

Scientific publications can also be useful tools in promoting informed discussions and guiding
policymakers and investors towards sustainable forest management practices [30,56]. Results from a
scientific search on the Scopus database showed that, despite the fact that only about 22% of the
publications had co-authors from Europe, researchers in European countries are interested in
researching the economic impacts of forest certification. In trying to establish the awareness and focus
level of scientists in Europe to the interrelation between sustainable forest management and economic
and market valorization of the forest certification schemes we performed a systematic search for
specific key terms across the available literature, From the search terms screened, economy and
market were the most represented words in the scientific publications from Europe related to forest
certification and retrieved from Scopus database. These terms, together with the word performance,
did not necessarily imply that the study would discuss any economic analysis, even though 74% of
the papers contained more than one of the search terms. These findings are in line with Malek and
Abdul Rahim [52], that stated that, despite the numerous publications addressing forest certification
publications, only a small number of papers have examined current patterns and trends on this topic.
The first study on this matter was first published by 1996, three years after the FSC was established
and the first forest areas were certified [25]. Words as chain of custody, investment and profitability
started to be include in scientific papers only at the beginning of the 2000. Around 2006, concepts like
value chain and cost benefit also begun to appear in academic journals. Despite the great level of
specificity of the chosen search terms, no evident relationship between them and the keywords in the
scientific articles was identified. Keywords were mostly centered on sustainable forest management
and certification. Only one comparable keyword emerged, economics, in one of the clusters interacting
with forest management, planning, and productivity.

In relation to European countries, Sweden, Finland, United Kingdom, Germany, Netherlands
and Italy stood out as the nations most represented in the scientific publications. It was difficult to
define a clear link between the volume of scientific publications and the economic outputs of certified
forests, but a positive trend emerged. Countries, such as Germany and Netherlands, with significant
levels of investment when weighted by the ratio of certified forest of the respective country, exhibited
a good commitment to research on this matter, contributing to the growing body of knowledge on
sustainable forest management and informed investment decisions. A similar pattern was seen in
countries like Finland with higher GVA associated to the forest sector. On the other hand, Italy with
a lower ratio of certified forest, continued to contribute to the advance of scientific knowledge on
forest certification matters. The outputs from that contribution were clearly noticeable considering
the ranking of Italy in SGD 15.2.1 targets and EPI indicators. However, this does not yet translate to
the economic value Italy is retrieving from such good knowledge and practices and certainly more
incentives and an adequate political framework could boost the sector in countries like Italy. Results
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suggest that research in sustainable forest management is frequently acknowledged by countries that
had evidence of investing in forestry, even if in some cases apart from the certification process. As a
result, these nations normally devote substantial sums of money to universities, research centers, and
network collaborations devoted to forestry research. Countries in Eastern Europe, particular Czechia
and Croatia, the first with the highest GVA observed and, the second with the totality of its forest
area certify but with a low GVA, had a less evident participation on scientific studies. Can a major
focus on the timber market and the fact that the majority of the forest is managed by the state [43], be
contributing to these results? Many factors beyond scientific publications, such as financial resources,
policies, and stakeholder engagement, influence investment and adequate exploitation in forestry.
Overall, findings from the current study suggest that certification can help to enhance the financial
performance of forest investments, mitigating the risks and improving the trust of investors and
allowing the access of forest industries to international and highly competitive markets. On the other
hand, our data also points out that there is still some competition between protection and certification
of forest areas and that both mechanisms need to jointly work to foster a more sustainable future for
forest land in EU. Finally, research and development in forest certification and related sciences, in
concrete in the interface between natural and social forest sciences, can be further boosted in Europe,
when compared to other world regions alongside suitable political incentives to leverage the
informed and sustained forest we all aim to have in European land.

5. Conclusions

Forest certification appears to help to mitigate risks related to major concerns, such as
deforestation, human rights violations, and biodiversity loss, by providing assurance that forest
operations are managed in a responsible and sustainable manner. This impacts several performance
economic indicators across EU countries. Additionally, this can be particularly relevant for investors
who are seeking to align their investments with their values and contribute to positive social and
environmental outcomes, but also to more conservative investors as it supports the production of
timber and non-timber forest products in a responsible and harmonious manner. Forest certification
also increases sustainable forest management practices and lead to favorable social and
environmental results by increasing market demand for certified goods and at the same time
providing access to international and more demanding markets from European forest managers and
products developers. A deeper analysis of the obtained database, specifically correlating economic
with environmental indicators, as well as, of the internal policies of the selected countries could help
to effectively quantify the degree of impact that forest certification has at European level and how
European polices can help boost and balance the economy and sustainability of the forest sector
across countries.
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