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ARTICLE INFO ABSTRACT

Keywords: This study explores the perspectives and adaptive strategies of forest stakeholders across five regions of Europe,
Forest resilience North to South—Finland, Lithuania, Romania, Serbia, and Greece—regarding climate change challenges in
Adaptation

forestry. 129 stakeholders were surveyed, including forest owners, professionals, environmental NGOs, gov-
Forest stakeholders ernment representatives, and recreationists, who pointed at soil quality, biodiversity, carbon sequestration, and
Forest management timber production as the main concerns. Regional threats varied, with storms and pests prevailing in Finland,
European countries illegal logging in Lithuania, Romania and Serbia, and fires and unsustainable grazing in Greece. Proposed so-
Subsidies lutions emphasise active forest management, stakeholder engagement and policy reforms. While Finland and
Serbia are optimistic about future forest resilience, Lithuania and Romania are neutral. Greece shows mixed
reactions, mainly due to concerns about the political will to implement effective forest policy. The study high-
lights nuanced regional responses to climate-related forest challenges and the need for region-specific approaches
to forest management and policy, with broader implications for environmental governance strategies.

Forest threats

1. Introduction increasing temperatures, rising ocean levels, higher storm intensities,
higher incidences of heavy rainfall, and modified winter conditions,

Climate change causes continuing changes in weather patterns including more snowfall or, in other areas, reduced precipitation. These
(Rummukainen, 2012; Seneviratne et al., 2021). Climate change leads to changes potentially exacerbate negative impacts on forests, such as
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wildfires, pest infestations and droughts, affecting forest growth, pro-
ductivity and provisioning of ecosystem services (Patacca et al., 2023).
Hence, the effects of climate change on forestry are intricate and
multifaceted (Kirilenko and Sedjo, 2007). However, international
agreements, like the Kyoto and Paris agreements, have focused on
mitigation, not adaptation to climate change. While IPCC’s different
assessment reports highlight the biophysical mitigation potential of
forests and the necessity to adapt to climate change (IPCC, 2001; IPCC
et al., 2007; IPCC et al., 2023), there are limited global guidelines for
adaptation in forest management (Seppala and Katila, 2009).

Climate change increases disturbances in European forests, such as
deterioration due to wind-induced damage, outbreaks of bark beetles,
wildfires and, in some areas, increased snow damage (Forest Europe,
2020; Romeiro et al., 2022). From 2018 to 2020, 4.74 million hectares of
European forests were subject to natural disturbances, with a trend of
increasing disturbance sizes and frequencies (Forzieri et al., 2021). At
the European level, forest disturbances have been mainly caused by
three agents: wind (46 % of the total damage), fire (25 %) and bark
beetles (17 %) (Patacca et al., 2023). The importance of these distur-
bances varies across Europe.

Addressing the challenges of climate change requires adaptive forest
management strategies. These may enhance the resilience of forest
ecosystems or reduce the disturbance pressures. Adaptive forest man-
agement is a dynamic process incorporating monitoring, learning, and
flexible decision-making to adjust management practices over time
(Temperli et al., 2012; Lindner et al., 2014; Yousefpour et al., 2017).
Adaptive forest management emphasises proactive measures such as
promoting phylogenetic and structural diversity, enhancing natural
regeneration, and implementing silvicultural practices that reduce
vulnerability to disturbances (Sousa-Silva et al., 2018; Braunschweiger
et al., 2024). Key strategies include maintaining mixed-species forests,
fostering uneven-aged stands, and managing deadwood to support
biodiversity and ecosystem services (European Environment Agency,
2024). By integrating scientific knowledge with practical management,
adaptive strategies can mitigate adverse impacts and support the
long-term sustainability of forest resources (Seidl et al., 2017). There-
fore, local stakeholders’ expertise is attaining greater recognition which
is imperative in addressing sustainability and climate change issues
(UNESCO, 2017; Gomez-Baggethun, 2021). According to Hallberg-Sra-
mek et al., (2023), integrating local stakeholders’ experience with sci-
entific knowledge opens new prospects for enhancing sustainable forest
management. Thus, forest stakeholders play a central role in adaptation
processes, influencing the potential adaptability of forests through their
actions and participation in decision-making processes, whether indi-
vidually or collectively (Conde et al., 2005).

Regional and seasonal variations in windstorm occurrence across
Europe are significant. Central and Eastern Europe are experiencing an
increasing frequency of intense wind events (Donat et al., 2011).
Thunderstorm-induced forest damage is expanding into previously less
affected regions, such as Eastern Europe (Sulik and Kejna, 2020). Wind
damage is most prevalent in Northern and Eastern Europe during
autumn and winter (Ikonen et al., 2017; Petit et al., 2021), while strong
seasonal winds like the Etesians primarily affect the Mediterranean in
summer (Katopodis et al., 2021).

Bark beetles primarily infest Norway spruce, the predominant tree
species in Northern and Central Europe (Schelhaas et al., 2018). The
main drivers behind bark beetle outbreaks are windthrow, high tem-
peratures, and drought conditions (Fernandez-Carrillo et al., 2020).
Further, root-rot has yielded substantial economic losses across Europe,
estimated at around 800 million euros annually (Woodward et al.,
1998). In Finland, Heterobasidion annosum s.l. infections affect 15 %-20
% of Norway spruce trees, while in Latvia, the incidence ranges from 30
% to 39 % (Venalainen et al., 2020; Klavina et al., 2021). Snow and ice
storm damage occur recurrently in high-latitude regions of Northern
Europe and mountainous areas in the rest of Europe (Suvanto et al.,
2021). Heavy snow loads often break treetops and branches, increasing
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trees’ vulnerability to further damage from insects and fungi (Nykanen
et al., 1997). Freezing rain occurrence is typical in Central and Eastern
Europe between November and February (Klopcic et al., 2020). In a
particularly impactful instance, an extreme ice storm in 2014 devastated
over 500 thousand hectares of forests in Northern Croatia and Slovenia.
The aftermath of this event led to an unexpected consequence: Slovenia
experienced its warmest summer on record in 2015, setting the stage for
a historic bark beetle outbreak that impacted over 1.2 million cubic
meters of timber (Nagel et al., 2017; de Groot et al., 2018). Wildfire
emerges as substantial disturbances in many European countries,
particularly affecting forests in the Mediterranean regions (Seidl et al.,
2017; Forest Europe, 2020). In 2023, Greece experienced several large
fires that significantly impacted forests, cultural heritage sites and in-
frastructures, resulting in 174,800 ha burned (EFFIS, 2024). Drought is
one of the prominent climate-induced disturbances affecting European
forests and is predicted to become more frequent and intense under
climate change scenarios (State of Europe’s Forests, 2020). Southern
Europe has faced several consecutive years of drought, impacting forest
growth and is the main reason behind increased tree mortality (Peters
et al., 2021; Hartmann et al., 2022).

In the face of escalating climate change impacts, forest ecosystems
across Europe are experiencing significant threats, affecting ecological
stability and societal well-being. Understanding the perspectives of
diverse forest stakeholders is essential. It can help pinpoint priority areas
for implementing strategic actions that enhance forest resilience,
incorporating local expertise to address the existing challenges and their
growing complexity (Focacci et al., 2017). For example, by collective
definition of critical concepts and terms (Fuller and Quine, 2015),
identifying challenges and needed actions (see Bowditch et al., 2019),
building forest scenarios (Haatanen et al., 2014), etc. Questionnaires are
a valuable tool for gathering information about stakeholders’ involve-
ment in the forest sector and their engagement and role in participatory
processes for decision-making (Kangas et al., 2010). In this line, Nijnik
et al. (2010) analysed the attitudes of forestry stakeholders from several
European countries towards multifunctional forests through question-
naires. They found that despite differences in stakeholders’ perspectives,
all groups emphasised the importance of regeneration for multiple
purposes and enhancing forest ecosystems. At a broader scale, Ramet-
steiner et al. (2009) used existing literature and questionnaires to study
stakeholders’ perceptions about the meaning of forests, finding essential
differences across topics and European countries, with forest protection
and conservation being the most critically identified topics. The ques-
tionnaire study conducted by Sousa-Silva et al. (2018) established a
connection between the perceptions of forest owners and managers and
their responses to climate change adaptation. It underscored the
importance of leveraging expert local knowledge to address information
gaps in specific European regions and initiate essential measures for
forest adaptation.

However, although several studies have examined stakeholder
knowledge, a sufficient understanding of stakeholders’ concerns
regarding addressing forest threats and providing region-specific adap-
tation and mitigation strategies for forest resilience is still missing,
especially from a cross-country regional comparison perspective. Thus,
this study aims to investigate local and regional stakeholders’ insights
and resilience strategies in selected European countries, focusing on
their perceptions of climate vulnerability and adaptive management
approaches. The concerns of stakeholders are sometimes in contrast
with scientific studies on climate vulnerability. By comparing stake-
holders’ concerns with scientific assessments of climate risks, we analyse
adaptive management strategies and examine how natural and socio-
economic conditions along the Eastern European gradient influence
our findings. Given the regional differences in climate change impacts,
we expect that local stakeholders’ perceptions of forest threats, and their
suggested management and policy solutions, will vary across regions,
reflecting distinct climate-related challenges, governance structures and
socio-economic context. Based on our expertise and knowledge of
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regional forestry dynamics, we assume that stakeholders in different
regions will prioritize different threats and propose locally suitable
adaptation actions. This study offers a novel perspective by linking ex-
perts’ insights across several countries with climate-induced forest
threats, providing management and policy recommendations that
address regional challenges in forest resilience.

In this paper, we aim to 1) establish the key uses of forests according
to local stakeholders, 2) identify the most vital ecosystem services, 3)
determine the main threats facing these forests, and 4) analyse how
forest management practices and policies address these threats. Addi-
tionally, we explore how today’s forest management can contribute to
the sustainability of future forest-based sectors, which will be identified
during the study.

2. Methods of study

Study area. The five Living Labs (LLs) used here are North Karelia in
Finland (1), Dzukija National Park (NP) in Southern Lithuania (2),
Iedera in Romania (3), alluvial regions of Central Serbia (4), and Xero-
mero in Greece (5) (Table 1). According to the European Network of
Living Labs (ENoLL et al., 2025), ’LLs’ are defined as “user-centered,
open innovation ecosystems based on a systematic user co-creation
approach, integrating research and innovation processes in real-life
communities and settings”. However, Our five LLs geographically
follow a North-to-South gradient (Fig. 1).

The study areas were also selected to represent various forest types,
considering ecological, climatic and production perspectives. Romania
features diverse mosaic forest landscapes, Serbia has riparian forests,
Finland is known for boreal forests, and Lithuania and Greece have sil-
vopastoral forests. These regions cover a broad North-South gradient of
climatic zones in Europe. Another crucial reason is the diverse range of
forest uses, from economic to non-economic. Finland prioritizes wood
production, while Serbia and Romania place greater emphasis on pro-
tection and conservation forests (Forest Europe, 2020), highlighting the
importance of non-wood forest products (Lovric et al., 2020).

We will compare threats to forest use and challenges and identify
potential management policies that local stakeholders have proposed to
address climate change.

Stakeholders. We first identified relevant stakeholder groups. The
stakeholder groups selected for our open questionnaire were selected
based on choices made in previous studies (e.g. Reid et al., 2005; Hai-
nes-Young and Potschin, 2018) and our own experiences. We focused on
stakeholder groups with extensive experience in forestry, either directly
or indirectly. As a result, the stakeholder selection process was purpo-
sive, following a non-random expert sampling technique.

The study encompasses the perspectives of four distinct stakeholder
groups. Group 1 represents forest owners; Group 2 consists of forestry

Table 1
The main characteristics of the forest areas studied.
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professionals and contractors, forest and wood industries. Group 3 en-
compasses a range of stakeholders, such as environmental NGOs, gov-
ernment representatives or employees, and municipal representatives or
employees. Lastly, Group 4’s stakeholders are involved in recreational
activities and the gathering of non-timber forest products. Stakeholders
engaged in recreational activities were contacted as representatives of
hiking and mountain biking clubs, hunting and sportfishing clubs, youth
organisations, and individuals collecting non-timber forest products
(such as mushrooms, berries, honey, chestnuts, and grazing). These
stakeholder groups were explicitly selected for sampling.

Questionnaire Design and Data Collection. We developed a ques-
tionnaire to capture local stakeholder knowledge and inform future
approaches to forest rehabilitation, restoration, and sustainable forest
management. Participation in the questionnaire was based on free,
prior, and informed consent.

In developing the questionnaire, the theoretical framework considers
climate change as a driving factor that leads to perceived threats to
forests. At the same time, policies, management approaches and pre-
dictions about future outlook are viewed as moderator variables.
Therefore, we designed a questionnaire that aligns with the research
objectives and aims to provide meaningful responses. The questionnaire
incorporates both closed and open-ended format questions. Open-ended
questions were chosen as the most suitable approach because they allow
respondents to express their thoughts. We thought that multiple choice
questions would limit respondents. To facilitate this, we did not restrict
the length of the responses.

The questionnaire was uploaded to the EU survey system and
translated into five languages—Finnish, Lithuanian, Romanian, Serbian,
and Greek—using machine and manual translation. Each translation
was reviewed and edited by the local partner in the living lab. Finally, a
link was generated and shared. The survey was conducted from April 19
to July 30, 2023, yielding 137 responses. After removing 8 outliers and
incomplete responses, a total of 129 valid samples were used for the
analysis.

Analysis steps and methods. The questionnaire included two types of
question formats: closed-ended questions (Q1-7) and open-ended ques-
tions (Q8-12). The closed-ended questions, which used Likert scale and
multiple-choice questions, generated quantitative data on the re-
spondents (e.g. age, education, experience and involvement in the forest
sector), as well as their general views on the importance of various forest
uses (e.g. wood production, carbon sequestration, recreation). The open-
ended questions sought qualitative insights on conflicts between forest
uses, identification of threats, the role of management and policies in
addressing these threats, and perspectives on the future ability of forests
to support the forest-based sector (Fig. 2).

This mixed-methods approach provided both quantitative and
qualitative data. Quantitative data were analysed using R and IBM SPSS

North Karelia (NK), Finland Dzukija National Park, Iedera, Romania

Lithuania

Central Serbia, Serbia Xeromero, Greece

NK is a province of Eastern
Finland, with about 1.5
million ha of land covered by
forests, (89 % of the total
land area). 5 % of the forest
area, including nationally
iconic landscapes and high
cultural heritage values, is
protected. The forest
comprises conifers, mainly
Norway spruce (Picea abies)
and Scots pine (Pinus
sylvestris). Mixed pine-birch-
spruce forests are also
present.

Dzukija NP is situated in the
southern part of Lithuania and
covers 47.3 thousand ha. The
area is heavily forested (83 %),
mainly by Scots pine. It is rich in
biodiversity and famous for its
cultural heritage, clean
environment and recreation.
Forest use of wood and non-
wood products is the primary
source of income for local
inhabitants.

Iedera is situated in South
Romania and covers around
3800 ha. The area is covered
with local broadleaved tree
species, such as European
beech, sessile oak, hornbeam
and lime. Forest stands are
naturally regenerated. Besides
timber, forest yields valuable
products like games, berries,
mushrooms, medicinal plants,
honey, seeds, and tannins.

Xeromero LL is an ancient
agroforestry system that features
valonia oak (Quercus ithaburensis
subs. macrolepis). It stretches
southwest of Lake Ozeros in the
Ligovitsi—Manina area and is mainly
formed by open and old-aged oak
stands. This forest holds both
historical and ecological
significance.

The LL is situated in the Alluvial
regions of Central Serbia, around
the larger rivers (Kolubara,
Morava, Mlava). These are
highly diverse mixed forests with
Quercus robur, Populus alba,
Fraxinus angustifolia, etc.,
depending on the groundwater
level. Oaks have been heavily
harvested (also uncontrolled)
and are rare nowadays. A large
majority of forests are privately
owned and not adequately
managed.
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Fig. 1. Location of the study area: 1) North Karelia, Finland; 2) Dzukija National Park, Lithuania; 3) Iedera, Romania; 4) Central Serbia, Serbia; and 5) Xero-

mero, Greece.

Statistics (version 27.0), while qualitative text data were analysed using
R and Atlas.ti23 software.

For the quantitative analysis, cross-tabulation was used to calculate
percentages. A Sankey diagram was employed to represent the re-
spondents’ profiles visually. To determine the three most important
forest uses, responses were analysed by professional groups. The data
was reshaped into a ’long’ format using the ’pivot_longer’ function in R,
where each ’Forest_use’ value occupies its own row. The *Use number’
column indicates which of the three uses it corresponds to. Finally, any
rows with "NA’ values were filtered out.

To identify forest threats in the LLs, we first organised and coded the
original data. This involves standardising similar words or terms
mentioned in various ways into a single term (Table 2). For qualitative
text analysis, tokenisation was performed, followed by the creation of a
Document-Feature Matrix (DFM) using the ’corpus’ function. Pre-
processing steps included stemming, converting text to lowercase, and
removing stop word. Once the DFM for each "LL’ is generated, word
cloud plots are created using the ’quanteda.textplots’ package in R
(Benoit et al., 2018).

The identification of forest management and policy suggestions
provided by respondents of the corresponding LL was executed through
network analysis. In this approach, words are represented as nodes
connected by lines or edges. A threshold for node connections between 2
and 5 was considered. This implies that any node in the network with a
degree (or number of connections) less than 2-5 connections are

removed. The degree of a node refers to the total number of edges
connected to it. This threshold value is somewhat arbitrary and can be
adjusted. The significance of a node in the network is determined by its
degree, with more connections indicating higher centrality and influ-
ence within the network.

In our network analysis, text preprocessing converted the text to
lowercase and eliminated numbers, punctuation (except underscores),
as well as stop words and non-informative words. We created a
Document-Term Matrix (DTM) and computed term frequency (TF) by
summing term counts across documents. Using TF values, we generated
a co-occurrence matrix and created plots based on this matrix. During
the graph plotting, we applied a threshold for node degree, identified
key nodes, and removed the filtered nodes from the graph. Node cen-
trality was calculated using the degree centrality measure and a data
frame was sorted by centrality in descending order. To visualize the
network graph and customize the plot according to our preferences, we
utilized the *ggraph’ R package (Pedersen, 2024). In the network plot,
the font size of text labels corresponds to the significance of the nodes;
larger font sizes indicate greater importance, while smaller font sizes
suggest less importance. Consequently, smaller labels represent less
important nodes and can be disregarded by readers.

To assess whether future forests will support today’s forest-based
sectors, we carefully analysed each response to capture their perspec-
tives on the future of forests. After reviewing the responses multiple
times, we were able to clearly categorise which respondents had a
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Decide study aims > Define 4 key SH groups
Develop questionnaire »| 12questions |_ I 1.7Q: close-ended format
8-12Q: open-ended format
. . . d . .
Survey .| Upload questionnaire in < .| Translate questionnaire
EUSurvey system
v
Machine translation
Manual translation
v
Survey conducting & data collection
v
Analysis | 1-7Q: Quantitative data
\ - 8-12Q: Qualitative data
Steps involved in analysis
Data examine & becoming familiar Identify coding unf|ts,||abzlmgd
- Find underlying meaning of the text - category. $'°”ps 0 . related codes,
- Search for a particular text summarising data in frequency table
- Counts and compares the text and tokenisation
Identify overall results:
a) Basic information; b) Important Forest uses.
Identify Living Lab basis results:
Expected results »| a) Main forests threats; b) Mgt & policies respond to these threats;
c) Supports to future forests.

Fig. 2. Methodological framework of the study

EUSurvey system= EU online survey managemnet system; Mgt = Management; Q = Question; SH = Stakeholder.

Table 2
Specific terms used by respondents in the questionnaire and consequent coding.

Coding Terms used by respondents

land_use_change change_land_use, wild_land fills, wind_turbines,
wind_turbines and solar_plant _installations
fir_trees_damage, death_fir_forests, decay_fir_trees,
drying_fir_trees

fires forest_fire

illegal logging illegal logging, unplanned_logging, incorrect_cutting,
intensive_logging, cutting_down_forests,
uncontrolled_logging

poor_forest management, traditional management

decay_fir

1.Mgt (lack of
management)

overregulation Regulations_EU, overregulation

pests” activation of insects, attacks_ibis_coniferous,
bark_beetle_typographus, bark_beetle_eating, bark_beetles,
forest_diseases, fungi_parasites, insects
phytopathological entomological diseases,
phytopathological entomological agents,
insect_damage, pests, European Spruce bark_beetle/s,
forest_pest/s, pest/s and disease outbreaks

snow snow_damage

storms storm_damage, thunder_storm, wind_damage, windbreaks

unsustain_grazing overgrazing_undergrazing, indiscriminate grazing,
overgrazing

@ Pests = forest diseases + forest insects.

positive, negative, or neutral view on the future of forest-based sectors.
Therefore, we calculated respondent’s sentiment scores by using the
AFINN lexicon, which assigns a numeric sentiment score to each text.
Specific keywords and the underlying meaning of the respondents’ an-
swers guided this assessment. Subsequently, we calculated region-wise
average sentiment scores to reveal geographic differences in percep-
tions. The sentiment distribution score provides a detailed understand-
ing whether a text expresses a more positive or negative sentiment. We
generated a sentiment aggregation score plot for each LL, applying
thresholds to the sentiment scores. To interpret sentiment strength, we
categorised the responses into three groups: 'Yes’ responses were
considered Positive reactions (scores above 1), ’No Opinion’ were
deemed Neutral (scores between —1 and 1), and responses with *No’
were considered Negative reactions (scores below —1).

In addition to the packages mentioned before, our entire analysis
involved several other R packages, including caret (Kuhn, 2021), dplyr
(Wickham et al., 2020), e1071 (Meyer et al., 2019), ggplot2 (Wickham,
2016), ggsankey (Sjoberg, 2018), igraph (Csardi and Nepusz, 2006),
irlba (Baglama and Reichel, 2005), networkD3 (Allaire et al., 2017),
randomForest (Liaw and Wiener, 2002), syuzhet (Jockers, 2015), tidy-
verse (Wickham et al., 2019), tidyr (Wickham et al., 2024) and tm
(Feinerer and Hornik, 2018).

Methodological considerations. In our study, the distribution of
sample sizes by group, regional and male-female proportion, was un-
even across all regions. Since the data collection process was conducted
by the Living Lab teams, it was beyond our control. However, it reflects
age and gender distributions of active stakeholders. Similar issues were
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also encountered by Ranacher et al. (2017) and Roitsch et al. (2023) in
their online questionnaire distribution, and in obtaining balanced sam-
ple sizes. In reality, achieving a perfectly balanced sample size is chal-
lenging, with some of these differences being representative of the
current situation in the European forest sector (Follo et al., 2016; Ludvig
et al.,, 2024). We suppose the gender imbalance is reasonable for our
study, as our study did not focus on any male-female comparative
analysis. Further, as we followed purposive sampling techniques, the
unbalanced sample size in LL basis is fine, given that we are dealing with
a large volume of textual data. The coding and execution of the analysis
are complex. However, we have made every effort and taken possible
measures to address this issue.

3. Results
3.1. Characteristics of stakeholders

3.1.1. Respondents’ background information

The total sample consists of 129 respondents from five regions: North
Karelia (24 respondents 19 %), Dzukija NP (35 respondents 27 %),
Iedera (32 respondents 25 %), Central Serbia (20 respondents 15 %),
and Xeromero (18 respondents (14 %). Out of the total sample, 93 re-
spondents (72 %) are male, while 36 (28 %) are female. When exam-
ining the gender distribution by location, North Karelia has 8.5 % female
respondents and 10.1 % males, in Dzukija_NP females 4.7 % and males
22.5 %. ledera shows a lower female representation at 1.6 % females and
23.3 % males. In Central Serbia, females contribute 4.7 % and males
10.9 %. Notably, Xeromero is the only location where females surpass
males, with 8.5 % females compared to 5.4 % males (Fig. 3).

The age distribution of the respondents was as follows the 18-25 age
group comprised of 9 respondents (7 %), the 26-35 age group 23 re-
spondents (18 %), the 36-46 age group 35 respondents (27 %), the
46-65 age group 51 respondents (40 %), and the 65+ age group involves
11 respondents (8 %). Regarding professional experience, 25 re-
spondents (20 %) have less than 5 years of experience, 11 respondents
(9 %) 6-10 years of experience, 20 respondents (15 %) 11-15 years, and

Journal of Environmental Management 388 (2025) 125903

72 respondents (56 %) have 15 or more years of experience. In terms of
educational qualifications, the majority hold University degrees (MSc)
or Polytechnic (up to BSc and equivalent) qualifications, with 72 and 34
respondents, respectively. In general, most of the respondents are well-
educated, middle-aged and highly experienced.

3.1.2. Professional groups and important forest uses

In the preliminary phase of stakeholder identification, the results
revealed diverse groups among the respondents. These included re-
spondents engaged in recreation-related associations, such as hiking,
mountain biking (7 %), hunting or sportfishing clubs (1.6 %), in-
dividuals involved in the collection of non-timber forest products (e.g.,
mushrooms, berries, honey, chestnuts, grazing, etc.) (1.6 %). The
participant distribution also encompassed government representatives
or employees (16.3 %), environmental NGOs (1.6 %), forestry pro-
fessionals and forest contractors (36.4 %), forest owners (13.2 %), and
forest and wood industries, including contractors (3.9 %). Additionally,
there were respondents affiliated with municipality representatives or
employees (2.3 %) and youth organisations (0.80 %). The remaining
respondents reflected combinations of two or more interest groups.
Notably, forestry professionals and forest contractors constituted a sig-
nificant category, accounting for the largest share of the total.

After classifying the stakeholders into four distinct groups, the dis-
tribution is as follows: Group 1, forest owners, constitutes approximately
13 %; Group 2, encompassing forestry professionals, contractors, and
forest and wood industries, comprises the majority at 41 %; Group 3,
which includes environmental NGOs, government representatives or
employees, and municipal representatives or employees, represents a
substantial 20 % and lastly, Group 4, consisting of respondents involved
in recreational activities, accounts for about 12 % (Fig. 4a). Respondents
identifying as being part of several groups account for about 14 % of the
total. Besides, it is also worthy to add that among the total respondents
of each LL, Group 1 dominates in North Karelia (66.7 %), Group 2
dominates in Dzukija_NP (74.3 %) and Iedera (50 %) LLs and Group 3
dominates in Central_Serbia (40 %) and Xeromero (72.2 %).

Ecosystem services or forest uses prioritised by respondents by
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b) Interest group-wise selection of important forest uses

Proportion

Interest Group

Forest_use
Erosion control and maintenance of soil quality
Biodiversity conservation
Carbon sequestration & storage
Collection of non-timber forest products
Grazing and other agroforestry
Income from tourism
Pollination
Recreation
M Maintenance of wildiife habitat
Wind control
B Wood production
Water supply quality
B Water supply quantity

Fig. 4. Important Forest uses according to different interest groups.

interest groups are shown in Fig. 4b. The majority of respondents
identified wood production (=21 %), carbon sequestration and control
(=14 %), and biodiversity management (=15 %) as the most important
forest uses. Thus, in total, approximately 56 % of respondents across all
regions believe that maintenance of soil quality, biodiversity manage-
ment, carbon sequestration and wood production are the most important
forest uses for society’s future. Furthermore, the majority (=57 %)
considered that there were no conflicts between forest uses. The
remaining respondents largely expressed no opinion on conflicts.
However, after observing all the LLs, it is found that stakeholders
prefer biodiversity conservation and wood production as the key uses.
Biodiversity conservation is recommended by 7.59 % in Dzukija_NP,
4.45 % in Central_Serbia and North_Karelia, 3.40 % in Xeromero and
Iedera. Additionally, with the exception of Xeromero, wood production
is recommended by 6.28 % in Iedera, 6.02 % in Dzukija_NP, 5.76 % in
North_Karelia and 2.09 % in Central_Serbia. Furthermore, carbon
sequestration and storage, water supply quality and wind control are
selected by the remaining majority of respondents from the various LLs.

3.2. Living labs based results

3.2.1. Perceived main threats

Respondents were asked to briefly describe their respective regions’
primary threats to forests. The results revealed that storms, pests, an
overabundance of moose population, rising temperatures, and droughts
are the major threats to the North Karelia LL’s forest (Fig. 5a). Some
respondents in the region mention that climate-induced threats, namely
storms, snow damage and droughts have contributed to increased pest
outbreaks, particularly bark beetles. In Noth Karelia, this issue is severe,
especially near the Finish-Russian border area.

In Dzukija (South Lithuania) the major threats identified by re-
spondents were pests, fire, illegal logging, climate change impact,
reduction of groundwater levels and decay of the Norway spruce
(Fig. 5b). Many respondents reported that the region’s forests face sig-
nificant challenges, especially rapid mature forest decline, delayed
implementation of forest health measures, neglect of invasive species,
unsustainable logging practices, and bureaucratic hurdles hindering
swift responses. These challenges contribute to loss of habitats and rare
species, as well as a growing disconnection between the forest
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Fig. 5. Main identified forests threats in the Living Labs

changes_trees_types =changes in the types of trees growing in forests; changes wood_production_conditions = changes in the conditions for wood production;
decisions_government_cheap_r = decisions made by the government to attain cheap ratings; disappearance_gam = disappearance of game; illegal_ act = illegal ac-
tivities; illegal log = illegal logging; increasing_continuous_cultivation = increasing continuous cultivation; insufficient_care_young_forests = insufficient care of
young forests; 1. mgt = lack of management; land_use_change = land use change; ngos = environmental non-government organisations; non-intervent = non-
intervention; overregul = overregulations; public’s_ wrong_attitude_forests = public’s wrong attitude towards forests; pest/pests = pests; soil_eros = soil erosion;
too_efficient felling trees = too efficient felling of trees; unsustain_graz = unsustainable grazing; waste_pollut = waste pollution; uncoordinated_development_pro-

tected areas = uncoordinated development of protected areas.

Larger font size signifies the number of mentions or occurrences of each term; readers may overlook smaller, less significant labels.

management and its potential for social services. Moreover, as expressed
by a respondent, climate change leads to the proliferation of pests and
diseases, shifts in tree species, and altered wood production conditions
due to milder winters are the major threats to their forests. Furthermore,
a lack of coordination and fair compensation for forest owners,
bureaucratic challenges, and excessive control prevail according to the
respondents. Additionally, restrictions on privately managed commer-
cial forest management and an uncontrolled rise in deer populations
occur as hunting quotas are inadequately managed.

In Iedera (South Romania), the main forest threats identified were
illegal logging, illegal activities, pests, droughts, fire, and the decline of
game populations. Some respondents also believe that there are no
significant forest threats in the LL area (Fig. 5c). According to the ma-
jority, the degradation of wood quality is primarily due to illegal or
unauthorized tree extraction and unsustainable forestry practices.
Furthermore, some respondents noted that excessive restrictive

protection measures can lead to negative outcomes by preventing sus-
tainable forest activities. Despite natural regeneration processes, the
ongoing unauthorized logging by the local people puts pressure on their
forest resources.

In alluvial regions of Central Serbia, the major perceived threats to
forest are illegal logging, land use changes, impacts on water and soil,
fires, and the reduction of groundwater levels (Fig. 5d). The conversion
of forested areas into construction or agricultural land is highlighted as a
significant threat. Therefore, climate change has also contributed to the
physiological weakening of forests, rendering them susceptible to dis-
eases and to extreme climatic events. Furthermore, temperature varia-
tions worsen these adverse effects. Lastly, the respondent underscores
the negative impact of political and non-governmental populism on the
forestry profession, stating that these influences can result in political
and social actions that compromise professional independence and pose
a risk to forest conservation. Another respondent stated that
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uncontrolled logging in the private sector, exacerbated by climate
change and forest diseases, is a major threat to forests in the region.
According to the majority of the respondents, unregulated construction
and urbanization are posing significant risks, along with the persistent
threat of forest fires. Furthermore, as noted by some respondents, forest
pollution is also a major concern for them, extending beyond municipal
waste to include packaging from artificial fertilizers, chemical prepa-
rations, and the improper disposal of various waste by workers in the
forests.

The analysis of the questionnaire responses from Xeromero (Greece),
reveals that the major forest threats are fire, unsustainable grazing, land
use change, illegal logging, rising temperatures, anthropogenic activ-
ities, etc. (Fig. 5e). According to some respondents, the main threats to
forests also include climate-induced die-offs, resulting from prolonged
droughts periods along with elevated temperatures which particularly
affect fir and pine forests. One respondent from the LL said that there are
three major threats of the region. Those are firstly, elevated forest fire
risks, secondly, biological threats (attacks from insects, fungi, and par-
asites), and thirdly, challenges related to grazing practices (encom-
passing both overgrazing and the abandonment of grazing activities).
Another respondent pointed to the misuse of forests as a key issue
(including illegal activities such as unauthorized access in the forest,
setting fires, and camping), as well as legal activities (such as mountain
running races and sports) contributing to increased pressure on the
forest ecosystem.

As a summary, the results from different LLs reveal that pests, illegal
logging, fire, storms, droughts, climate, and land use changes are the
predominant threats across the majority of the LLs (Fig. 5f). Notably,
environmental, social, and political issues influence these regional for-
ests from North Karelia to Xeromero. From an ecological perspective,
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pests are the major threats in North Karelia, while fire is one of the
mentioned threats for Dzukija, Iedera, and Central Serbia and becoming
particularly critical in Xeromero. Environmentally, while rising tem-
peratures and droughts are less significant in the North Karelia region,
these factors are more severe in the other regions, exacerbated by the
groundwater crisis. Considering the social perspective, the central con-
cerns of illegal logging, illegal activities, and bureaucracy are signifi-
cantly higher in the central to southern LLs, but are notably absent in
North Karelia LL. These findings underscore the diverse and region-
specific nature of forest threats, necessitating tailored adaptation ap-
proaches and conservation strategies to effectively address the unique
challenges in each region.

3.2.2. Forest management response to regional forest threats

We used network analysis to analyse how forest management should
respond to climate change (question 10).

For North Karelia (Fig. 6a), responses were centered around two
clusters. We interpreted that the first cluster focused on silvicultural
responses with keywords like "trees’, 'mixed’, and ’species’. The second
cluster was mixed, although it contained many governance-related
keywords, such as 'removal_subsidies’, "taxation’, and obligation’.

This suggests that respondents from North Karelia emphasise pro-
active sustainable forest management. They often referred to good forest
management as including active management, game management, the
obligation to care for the forest, monitoring and controlling pests. This
involves activities like growing a diverse range of tree species, estab-
lishing protection zones for valuable biotopes, creating ecological cor-
ridors, and keeping decaying wood in forests for diversity. Some
underscored the necessity for more research to foster the development of
more resilient trees through strategic thinning. Others emphasised the
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need for well-timed forest management incorporating mixed stands and
thinning, enhancing mixed tree density, removal of subsidies and
imposing taxes on some areas if necessary, investing for pest controlling,
and providing effective information and advocacy to forest owners.

Responses on Dzukija (Fig. 6b) clustered into four distinct clusters.
The first cluster emphasised silviculture (e.g. 'reduce_planting density’,
’increase_deciduous_seedlings’) with elements of forest economy (e.g.
’compensation_market_price’). The second cluster addressed forest
conservation (e.g. ’protected’), while the third cluster addressed human
resources and knowledge for forest management (e.g. *education’). The
last cluster emphasised forest wildlife management (e.g. ’again-
st_animals’, 'beavers’).

Key recommendations from them were promotion of mixed tree
species, the preservation of protection and eradication of invasive spe-
cies for forest management. Other recommendations included reducing
spruce saplings or planting, lower planting densities, and increase the
restoration of deciduous saplings. As for alternative tree species, re-
spondents deemed larch and beech as essential. Adjusting the final
cutting age, the recommendation was to apply diameter-based cutting
methods, especially for spruce trees. Again, in terms of management
techniques, suggestions included timely thinning, monitoring, and
abandoning monocultures, along with employing less intensive logging
techniques. Concerns were also given to the forest sanitation, and sug-
gestions provided from greater control measures, imposing fines, and
conducting timely salvage logging along with avoiding tree cutting in
slope areas (to prevent erosion). These practices involved the thorough
removal of remaining roots after forestry operations and the imple-
mentation of preventive measures. Many respondents underscored the
importance of highly qualified professionals and specialists, empha-
sizing the necessity of their training and education. Another frequently
mentioned aspect was the coordination within the Forest Owners’
Society.

Also, Iedera had four clusters (Fig. 6¢). The first cluster addressed the
changing demands of society (e.g., 'mgt_administrative_structures’) and
general management concepts (e.g., 'proactive_mgt’. The second cluster
addressed regulations (e.g. 'penalties’), and the third small cluster the
adaptive capacity (e.g. ’strengthening reaction_capacities’). The fourth
last cluster was mixed with an emphasis on the opportunities forests
provide to local communities (e.g., ’participatory’ or
’integrated_decision_making’).

According to some respondents from Iedera, the forest management
control mechanism should be simpler but more effective. Some sug-
gested flexible legislation, while others emphasised the need for a stable
and coherent economic legislative environment. Respondents from
Iedera emphasised the importance of informing the general public about
forestry rules. They also advocated integrated management based on
participatory principles and integrated decision-making. Another sug-
gestion was that public institutions should be more active in commu-
nicating with the public. Additionally, some respondents suggested that
ecological concepts should be taught at a middle high school level, and
forestry subjects should be mandatory. Others suggested finding ways to
attract young people to the forestry sector.

Central Serbia also had four clusters (Fig. 6d). The uppermost cluster
focused on silvicultural measures (e.g. ’control_grazing’, ’enhance -
tree_growth’). The second cluster, which was very close to the first,
addressed societal issues, especially cooperation and legislation (e.g.
’support’, 'strict_legal framework’. The third cluster is linked to habitats
and management, and the last cluster looked at management for resil-
ience (e.g. ’resilience’, ’control_grazing logging’).

Respondents form the LL suggested afforestation with mixed tree
species, and identify measures for reducing and controlling clear-cutting
and illegal logging. Some emphasised forests at all levels (at the stra-
tegic, tactical, and operational levels) should be managed by the pro-
fessional authorities with a high degree of morality and ethical
legitimacy. The importance of forestry professionals with a broad
multifaceted experience of forestry. Thus, respondents from Central

10
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Serbia reckon that forest management should consider all external fac-
tors that influence the forestry sector and coordinate its activities with
other sectors. Furthermore, fostering collaboration between the econ-
omy (direct forest management mechanisms) and scientific/educational
institutions (faculties, institutes) is considered to be vital to effective
forest management.

Xeromero had three clusters (Fig. 6e). The central elements that
connect to the nodes are ‘'mgt’ (management), and "habitat’. The central
’mgt’ node also connects with various other nodes that linked with the
wider scientific cooperations among the forest stakeholders, growing
public awareness and tightening the legal framework (e.g. ’scientific’,
"wider cooperation among ngos associations’, awareness of public ed-
ucation’, ’strict legal framework’ and more). The ’planning’ node is
suggesting different management approaches (e.g. 'prevention’, *fires’,
*control grazing’, ‘removal of dry damaged trees’, "strengthening resil-
ience’, and ’direct and holistic management’ and so forth).

However, the respondents of LL emphasised that the goal of forest
management should be to increase resilience of the ecosystem, with a
particular focus on preventing forest fires. Another respondent sug-
gested that a strategic approach should be utilized by the forest man-
agement to address the aforementioned threats. This entails putting
specific measures to protect endangered species and ecosystems, con-
structing and maintaining forest paths, creating an institutional frame-
work for management, fostering collaboration with relevant agencies,
and increasing awareness among the public entities. Lastly, ensuring
smooth cooperation, training between the EU country levels during fire-
fighting seasons is also necessary to tackle the emergency situation.

A network analysis for all sites joined resulted in three clusters
(Fig. 6f). The uppermost cluster deals with silviculture with a mixture of
economic (e.g. "profit_concern_change’) and silvicultural concerns (e.g.’
reduce_planting density’). The cluster is highly connected to tree species
selection (’species’). The second cluster is dense and focuses on man-
agement, education, and training. The third cluster addresses societal
issues with keywords like ’ethical_legitamicy’ and economic questions
like ’investment’.

3.2.3. Forest policies response to the regional forest threats

Text based network analysis was used to understand how forest
policy should address threats (Question 11). In North Karelia, policy
suggestions from respondents primarily converged into a single promi-
nent cluster, which expanded in three key directions (Fig. 7a). There-
fore, the highest connectivity based central nodes include advice,
management (mgt), subsidies, and '’Kemera’. The “Kemera subsidies”
are silvicultural subsidies enacted by the Temporary Act of the
Financing of Sustainable Forestry (34/2015) to support the private
forest owners for more sustainable and effective forest management
(FINLEX). These subsidies covered various activities including early care
of seedling stands, young forest management, construction and
improvement of forest roads, corrective fertilization and peatland forest
management, agri-environmental support agreements, biodiversity
management in forests, and controlled burning. The Kemera subsidy
program expired at the end of 2023 and was replaced by the Forestry
Incentive System, referred to as Metka (Metsakeskus, 2024). Further, the
central node ’subsidies’ is connected with other major nodes, i.e., mgt,
advice, and Kemera (top-directed connections).

The edges of these nodes focus on the management of moose hunting
permits, climate change adaptation through legal amendments, the
modernization of forest management associations, timely clearing and
thinning advice, and the encouragement of forest owners to actively
manage their forests. It is worth adding that there is a substantial
number of respondents in the LL that emphaised the significance of
providing “Kemera” subsidies to forest owners.

The left side of the cluster proposes government support for forest
owners, subsidies for thinning and initial care of plantations, enhanced
information accessibility and increased inspections. According to a
respondent, emphasizing support for the management of young forests is
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Fig. 7. Forest Policy suggestion by the respondent of the selected Living Labs.

fos = forest owners; mgt = management. Font size signifies the number of mentions or occurrences of each term; readers may overlook smaller, less significant labels.

crucial to establish well-growing forests. A second cluster suggests that it
is important to simplify and expand the subsidy system- It also mentions
the need for better information and involvement of the local commu-
nities to facilitate adaptation. Besides these central clusters, some points
suggest the establishment of mixed tree plantations. The respondents of
the area argued that by mitigating browsing damage, these mixed
plantations would not only improve forest resilience but also play a vital
role in climate change adaptation.

In Dzukija the network analysis reveals three clusters. In the largest
cluster the most connected nodes are subsidies and policies (Fig. 7b).
The central node, ’policies’, anchor the largest cluster at the top. Ac-
cording to some respondents, the current policy fails to effectively
address threats. They argue that defining forests only as trees and other
vegetation in the forest law, without recognizing forests as an ecosystem
rich in biodiversity, hinders progress toward climate adaptation. In
addition, some respondents suggest that the forest policy of their region
needs to specifically address threats. They propose managing these
forest threats requires generalized scientific recommendations and
forecasts—answering questions like, "What should we grow?’ Others
emphasise the necessity of providing training and implementing an
attractive policy to encourage climate-resilient actions.

The core node ’subsidies’ is linked to detailed clarification of unclear
laws, financial support to the forest owners who have restrictions and
inadequate income (i.e. restrictions, inadequate_income, financial_sup-
port), consultations, afforestation, and practical compensation etc. Some
respondents of LL suppose that subsidies should be provided to the
private forest owners. Like the respondents of the other LLs, they also
suppose that the subsidy providing and accepting system should be
clear, flexible, more liberalized, and less bureaucratized to facilitate the
forest management framework. Respondents also focus on the
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importance of attracting forestry specialists to address local forest
problems.

Another separate cluster proposes to address management-related
issues, such as dead wood management, reduce unnecessary cuttings,
and reduce recreational activities in the protected natural environment.

The policy network plot of Iedera LL is divided into two main clus-
ters. The first cluster features subsidies and policies as two pivotal
connecting nodes, and the other cluster is centered around legislation
(Fig. 7c). The LL respondents suggestion considering subsidies suggested
to reduce bureaucracy, to ensure transparency in decision-making, to
advocate for both restrictive and effective management, emphasise
public communication (public_comm), to update the legislative frame-
work, to promote slogans that advocate to not cutting the forest, to
integrate firefighting forest knowledge, to support infrastructure, and to
avoid subsidies for specific functions (do_not_func).

The policy-related cluster comprises elements such as attracting
young people, advocating for reduced regulation, benefiting qualified
workers, and investing in environmentally friendly machines. According
to the respondents, forest owners are consistently disadvantaged
compared to agricultural landowners. Therefore, counseling is impera-
tive in the forestry field, necessitating public communication to attract
young people to forestry, given the current low workforce levels and
high average age in the industry. According to some other respondents,
for the high-performance in forestry sector policy involvement for
investing in Subsidy is essential. The significant nodes of the legislation
cluster are related to the suggestion of amendment of different legisla-
tions, and consideration of civil society in policy updating. According to
the respondents, the legislative framework needs updating to be less
regulated, so amendments to the forestry code are crucial to mitigate
and adapt to climate change.
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In Central Serbia, most of the suggestions were centered around
management and afforestation. Regarding management (mgt), the sug-
gestions included field demonstrations, improving the management of
training systems, enhancing management practices close to nature,
optimizing information system management, overseeing improvement
plans, issuing clear instructions, providing government support for the
management of forestry operations, ensuring adequate management of
the wood industry, establishing a dedicated administrative system,
overseeing forest management, and supervising the implementation of
nature-based solutions. Respondents emphasised the need to set specific
goals for areas requiring reforestation, recommending the use of acacia,
Canadian poplars, or conifers for the reforestation process (Fig. 7d).

Some respondents emphasised the importance of forest management
for protection, afforestation, research activities, and the development of
a new action plan and program. Consequently, their suggestion was to
establish a management system that closely aligns with nature.
Regarding afforestation, the recommended strategy was the imple-
mentation of an afforestation program. Another small cluster of sug-
gestions focused on developing policies to address threats, promoting
intersectoral cooperation, and proposing innovative solutions. Some
respondents believed that while forest policies address challenges and
suggest innovations, there is a need for increased intersectoral
cooperation.

However, the central nodes with the highest significance in the
Xeromero graph are ’policies’ and 'mgt’ (Fig. 7e). Several policy sug-
gestions include adaptive forest management by adjusting goals for
sustainability, incorporating silvicultural techniques, modernizing pol-
icies, attracting young people, and training in traditional practices.
According to some perspectives, policies should address threats, while
others propose that policies should not only deal with threats institu-
tionally but also require proper supervision of all the decided actions.
Some respondents recommended that policies should be developed in a
way that provides enough funding opportunities for forest management.
Others suggest developing policies that create job opportunities. Some
emphasise improving the management plan linked to policies by read-
justing, implementing more programs for better management, or
enhancing monitoring. They also propose strengthening the agroforestry
sector to involve people and foster respect for the natural environment.

Finally, exploring each LL, with the exception of Xeromero LL, there
is a collective emphasis on the necessity for subsidies (Fig. 7f). In this
line, many respondents from those regions have suggested providing
subsidies in sectors associated with the decision not to cut down forests.
Suggestions include subsidies for afforestation, improved plans that
align with nature, and initiatives addressing forest threats, which are
deemed crucial for their respective regions, including the Xeromero LL.

Therefore, except for Dzukija, the primary suggestions from other
LLs are mostly related to forest management. These suggestions involve
providing advice to forest owners and are connected to policy adoption
and decision-making. According to them, to avoid bureaucracy and re-
strictions in the legislative frameworks, it is essential to adopt a good
management system. They also believe that improved policy measures,
such as counseling, public communicating, and ensuring the involve-
ment of firefighters with forest knowledge are crucial, especially for the
southern, southeastern, and central regions.

3.3. The future forests supporting today’s forest-based sectors

Will future forests be able to support today’s forest-based sectors
(Question 12)- in response to the question, a box plot was executed to
illustrate the distribution of the sentiment scores across different LLs.
The height of the box plot represents the variability of sentiment scores.
For example, North Karelia has the taller boxplot, indicating a wider
range of sentiment scores of the LL compared to others. Whether the
median horizontal line within each box represents the central tendency
of sentiment scores for each LL.

In North Karelia, the median sentiment score is nearer to the upper
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edge of the box which indicates a more positive sentiment compared to
others. Likewise, the median sentiment score in the upper middle edge
of the box plot of Central Serbia also suggests a more positive sentiment
for the lab compared to others. Further, a more negative sentiment
distribution is exhibited in Dzukija and Iedera LLs. As for Xeromero, the
median line position indicates a sentiment that is relatively neutral
compared to other labs.

Outliers, represented by dots in the box plots, represent extreme or
unusual sentiment scores. Numerous positive outliers in Iedera and
Xeromero indicate very positive reactions in specific cases. On the other
hand, outliers on both the positive and negative sides may suggest
polarized extreme reactions, for Dzukija (Fig. 8a).

Thus, the results of sentiment aggregation study reveal that North
Karelia and Central Serbia have the most positive reactions compared to
other LLs (Fig. 8b). Despite this overall positive outlook, some re-
spondents from North Karelia LL express their concerns about the
comprehension of decreasing their future yields and wood supply.
However, they stress that renewable raw materials will continue to find
new applications, serving as both raw materials and in energy produc-
tion. These respondents draw attention to the untapped potential of
natural products, urging consideration of their value. Nevertheless, they
maintain a strong belief that Finland’s nature and forests will remain
highly esteemed worldwide.

Dzukija and ledera are characterized by the highest neutral re-
actions, while Xeromero exhibits an equal distribution of neutral and
negative reactions in comparison to its positive reactions. Moreover,
some respondents from Dzukija believe that future forests have the po-
tential to be supported by today’s forest-based sectors, contingent on the
continuous expansion of the forest resource, which might be protected
by legal regulations. For further assistance to the forest industries, it is
necessary to increase the annual harvesting rate that should align with
market demands. According to the respondents, this approach would not
only enhance forest conditions but also contribute to the well-being of
the people. They suggested that in this situation, the proportion of
protection zones in comparison to production areas should be consid-
ered here, incorporating the cultivation of wood crops.

Conversely, respondents from Central Serbia express challenges of
using forests due to its oversized wood industry capacities and expansion
of the log exporting, and due to these harvesting pressures, the non-
timber forest products are at risk. Inadequate climate change predic-
tion and adaptation measures also pose significant risks for future forest
management. In Xeromero, some respondents’ express disappointment
and believe it is unlikely that future forests will be able to support to-
day’s forest-based sectors. According to them, due to the absence of
political will to implement an effective forestry policy for the develop-
ment of forest areas. Additionally, another respondent suggests that
proactive initiatives are necessary to enable future forests to support
various sectors. Such initiatives are long-term planning, adopting new
practices, addressing current and future challenges like climate change,
extreme weather events, and evolving societal needs, etc.

Overall, the comparison of responses among the living labs (Table 3)
revealed a wide range of views, with respondents reflecting on the pe-
culiarities of each region and the perceived threats affecting their for-
ests. Concerns are similarly distributed according to the identified
threats, and the recommended solutions range from management-
focused practices to solutions targeted to the existent administrative
and legal systems.

4. Discussion

This study analyses forest stakeholders’ perspectives on forest use,
the main threats affecting their forests, and the conflicts that arise from
these challenges. Additionally, the study also explores suggestions of
stakeholders’ about forest management and the role of policies in
enhancing forest resilience, considering regional differences in adapta-
tion strategies.
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a) Sentiment distribution

b) Sentiment aggregation

! 30
10 *
2
o
o
® ! E20
& 5 . o
£ . o
- | |
» ;T_J 10
0
0
] a © © o
@ ZI [ 2 @
S K} ki 3 %
_cl E EI E
Living_Lab

Sentiment

Negative
Neutral

I I o

© o © © o
= 2 @ ) o
© ® 3 o 15
> = - 2] o
2 g 2
= ©
N o
B ()
Living Lab

Table 3

Fig. 8. Respondents’ sentiment distribution (a) and aggregation (b) of different Living Labs.

Cross-living labs comparison of respondents’ main views.

Living Lab Main perceived threats Suggested forest management responses Recommendations for policies to respond to forest Future’s forests ability
threats to support the forest-
based sector
North Storms, pests, moose Tree mixtures, species diversity, taxation, Subsidies (Kemera), advice and management. Wide range of sentiment
Karelia population, rising removal of subsidies, proactive management. scores, leaning towards
temperatures positive reactions
Dzukija Pests, fire, illegal logging, Tree mixtures, preserve protected species, Subsidies, integrate forest threats into current Mostly neutral reactions
climate change eradicate invasive species, cultivation of species policies, scientific recommendations and forecasts,
resilient to climate change. provide training.
Iedera Illegal logging, illegal Effective and proactive management, better Subsidies, legislation, less bureaucracy, transparency ~ Mostly neutral reactions
activities, pests, droughts, information and communication, participatory in decision-making, restrictive and effective
fire decision-making, early forestry education, management, public communication, updated
monitoring, etc. legislation, etc.
Central Illegal logging, land use Investments, ethical legitimacy, expertise, Supervised close to nature management, government  More positive reactions
Serbia changes, impacts on water  sustainable management, tree mixtures, strict support for the management of forestry operations,
and soil, fires laws, control illegal logging, intersectoral afforestation program, intersectoral cooperation.
coordination.
Xeromero Fire, unsustainable Cooperation and collaboration, increase Adaptive forest management, sustainability goals, Relatively neutral

grazing, land use change,
illegal logging

ecosystems resilience, strict laws, prevention
measures.

enhance monitoring.

reactions, leaning
towards negative

Across Europe, our study revealed common and diverging themes on
forest and climate change. We were surprised that forest governance was
a dominant concern. The lack of expert knowledge was considered as an
obstacle to adaptation in all sites except North Karelia. For governance,
especially questions of subsidies and bureaucracy were mentioned. In
several sites, the network analysis also indicates that stakeholders do not
feel that they are heard. This agrees with Abrams et al. (2021) who
attested that forest management in the American Midwest during a
major bark beetle outbreak was limited by low capacity to change forest
management. Hartebrodt and Schmitt (2016) suggested for Germany
that state forest managers were rather traditional and oriented towards
the goals of the government. This happened at the expense of stake-
holder orientation and innovation. We think that this is seen in the
desire for better participation in most of the sites.

Another theme was on silvicultural measures to improve adaptation
of forests. Since the forests were located on a large geographical
gradient, threats to forests and stakeholder opinions differ. The study by
Nikinmaa et al. (2024) evidences a mismatch on forest management
measures to promote forest resilience between the perceptions of forest
professionals and those addressed in the scientific literature. Despite this
mismatch, the study highlights the significance of integrating the
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diverse stakeholders’ views. Similarly, de la Vega-Leinert et al. (2008)
observed through dialogues with stakeholders a need to reconnect sci-
entific frameworks with practical management to improve ecosystem
vulnerability assessments and adaptation to global change. In the
Northern sites, silvicultural recommendations focused on the diversifi-
cation of forest management. Especially, spruce forests were perceived
as needing to be replaced with mixed forests. Also, better forest sani-
tation was considered to be important. In the South fire management
was of concern. As we will show in the discussion of individual sites,
these observations are in line with scientific ideas on adaptation.
Therefore, we would tend to disagree with the conclusions of Nikinmaa
et al. (2024).

According to the stakeholders, the North Karelia LL faces threats
from storms, pests, as well as from drought and rising temperatures. The
findings align well with the research of Venalainen et al. (2020), which
emphasised similar challenges posed by climate change to forests and
forestry in northern Finland. The challenges include windstorms, heavy
snow loads, drought, forest fires, and significant biotic threats from in-
sect pests and tree pathogens. In the experience of some of our re-
spondents, pest issues in North Karelia, especially in the Finnish Russian
border areas are severe. Some regions have a history of recurring
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outbreaks of the European spruce bark beetle (Ips typographus L.). Ac-
cording to Veteli et al. (2006), needle damage in Russian forests was
found to be eight times higher than Finnish forests due to folivorous
insects. So this suggests that with changing climate conditions, the lack
of management in the Russian forests could be a reason for bark beetle
activity there (Martikainen et al., 1996; Veteli et al., 2006) and spread to
the Russian-Finnish border side. More recently, Pulgarin Diaz et al.
(2024) reported a higher concentration of damage by spruce bark bee-
tles near the Russian border in South-Eastern Finland.

In contrast, Dzukija grapples with its unique set of threats, including
pests, in combination with fire risk, droughts and man-made threats
such as illegal logging, which further exacerbate the region’s challenges.
Dzukija is a fire-prone heavily forested area, with numerous fire events
spanning from 1742 to 2019 (Manton et al., 2022). The study also
identified a notable shift after 1950, with fire intervals rising in dry
forest and falling in peatland forests as a result of both human and
natural factors. Concerns about illegal logging in the region are in line
with existing research (Bouriaud, 2005) indicating significant increases
during the early 2000s in the volume of illegally harvested wood in
private forests and a latter decrease (Lazdinis et al., 2009), with reports
acknowledging the difficulties finding up-to-date information on the
topic and advocating for more transparency (Ottisch et al., 2007).
Nevertheless, more recent statistics evidence a significant decrease in
volume illegally fell in the country between 2014 and 2021 (State Forest
Service, 2022).

Expanding on this, the major threats to the forests in Iedera and
Central Serbia include droughts, fires, illegal logging, illegal activities,
and reduction of groundwater levels. Notably, these threats are more
acute in these LLs. The identification of threats by forest stakeholders in
these regions coincides with their distribution according to climate
change model projections across Europe (see Bouriaud et al., 2015). In a
later study by FAO and UNECE (2021) in Romania, stakeholders also
indicated wind damage, biotic pests, and illegal logging as key degra-
dation concerns. According to the same study, in 2017, insects affected
37,680 ha, severe weather impacted 199,610 ha, and fires damaged
2460 ha of forest land. Illegal logging is a key issue in Serbia, where it is
usual to make false claims about the species, volumes, values or origin of
harvested wood (Glavonjic et al., 2005). In 2003, it was estimated that
about $300,000 worth of wood was illegally harvested from state owned
forests, while around $2.4 million was illegally harvested from private
forests (Jovanovi¢ and Milanovi¢, 2017).

Further, respondents cited illegal logging, unsustainable grazing,
land use changes, fires, and rising temperatures as the main problems in
Xeromero, Greece. Similar problems were highlighted in the review by
Koulelis et al. (2023), which also pointed out important knowledge gaps,
especially with regard to local climate patterns, water cycles, and how
well forest management techniques enhance resilience. Xeromero
stakeholders also suggested focusing on the long-term ecological im-
pacts of fires, developing stakeholder integration in fire prevention,
enhancing efforts in biodiversity conservation and protection, and insect
population monitoring. Despite some advancements in fire control,
Riittinger et al. (2021) emphasised that illicit logging and fires remain
hazards to forests in Southeastern Europe. Limited collaboration by the
authorities is still a problem. Furthermore, rising temperatures, altered
rainfall patterns, flooding, and more frequent droughts are all conse-
quences of climate change that exacerbate security concerns related to
illegal logging (Riittinger et al., 2021).

Expanding on this research, a number of ecological and environ-
mental factors contribute to the serious threats facing forests in Northern
Europe, particularly North Karelia. In the Baltic, Eastern and South-
eastern European regions (Dzukija, Iedera, and Central Serbia), the
challenges are more intertwined. The stakeholder opinions underscore
the varying nature of forest threats across different European regions,
emphasizing the importance of considering multiple dimensions in for-
est management. Threats faced by regional forests are closely linked to
their ecological, environmental, social, political, and geographical
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contexts. Therefore, management and policy recommendations must be
designed to address these specific conditions. The network analysis
underscores the importance of adaptation strategies to the unique cir-
cumstances of each region. In many living labs issues of training and
governance were emphasised. By integrating knowledge from stake-
holders at various levels, we can enhance climate change adaptation
through sustainable forest management and explore new forms of forest
governance (Locatelli et al., 2010).

To address forest threats, North Karelia emphasises climate smart
forest management, including proactive measures like, pest control,
increasing share of mixed species forest and timely thinning, underlining
the need for effective forest management beyond basic legal re-
quirements (Peltola et al., 2022). The ongoing discussions surrounding
these management issues within Finnish forestry over several decades
signify a deep-rooted awareness of the challenges and the necessity for
proactive measures. This is reflected in the LL respondents’ perceptions
about how forest policies can respond to forest threats. For example,
respondents suggested an increase in the number of moose hunting
permits as a means to address forest threats. This suggestion and findings
of the study are supported by several studies. For example, Heikkila
et al. (2003), Nikula et al. (2008) and Bergqvist et al. (2014) suggested
that moose population control can be used to prevent browsing damage
in young pine and birch stands, instead of planting other, less preferred
by moose, species that might be vulnerable to insect attacks (i.e. spruce).
Stakeholders from Dzukija suggest better coordinating forest owners,
addressing private forest concerns, and implementing diverse plantation
strategies which include species preservation, promotion of mixed tree
species, eradication of invasive species, resilience cultivation, and
lighter logging techniques. In Iedera, the emphasis is on improving
communication, enforcing strict construction laws, imposing pollution
penalties, and promoting ecological education. Central Serbia prioritizes
selecting skilled personnel, promoting ethical forest management, and
implementing silvicultural methods to reduce clear-cutting and illegal
logging. Xeromero focuses on enhancing ecosystem resilience through
fire prevention, climate change mitigation, protection of endangered
species, and fostering seamless cooperation during fire-fighting seasons.
Similarities across these regions include a shared emphasis on forest
management practices such as timely interventions, monitoring, and
promoting diverse tree species, as well as a collective concern for
ecological education and public awareness. Many of these measures and
their spatial distribution align with existing research analyzing adap-
tation strategies to climate change. For instance, Keskitalo (2011)
reviewed adaptation strategies in expert reports at the European country
level, observing that several countries advocated for timing of opera-
tions (e. g., Finland, Austria and Greece) and promoting tree diversity as
forest management adaptation measures (such as Greece). Similarly,
Kolstrom et al. (2011) collected potential adaptation options for forestry
in Europe from the existing scientific literature, most of which are in line
with those mentioned by the LLs stakeholders.

Dissimilarities among the regions are evident in their specific em-
phases, North Karelia highlights active and future forest management,
Iedera emphasises communication and law enforcement, Dzukija fo-
cuses on forest stand diversification strategies, and Xeromero prioritizes
resilience and emergency response. Dzukija and Central Serbia delve
into the technical aspects of silvicultural control and management, while
Central Serbia and Iedera prioritize human capacity enhancement. In
contrast, Xeromero emphasises strategic elements, including scientific
approaches, wider cooperation, strict legal frameworks, prevention
measures, and efforts to strengthen resilience. Additionally, variations
in the scope of suggestions emerge, with some locations addressing
threats broadly (North Karelia, Xeromero) and others concentrating on
technical measures (ledera, Dzukija, Central Serbia).

In North Karelia, according to the respondents, forest policies should
prioritize state subsidies, government support, and streamlined subsidy
systems, emphasizing improved accessibility to information. Currently,
forest policy in Finland regulating forest management and use is mainly
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stipulated in the Forest Act (FINLEX, Forest Act 1093/1996), which
establishes the measures to be followed and minimum management
requirements to ensure the sustainable use of Finnish forests. Addi-
tionally, certification schemes are broadly adopted in Finland, with
about 90 % of the forests being certified by PEFC according to the
Finnish Forest Centre (Metsakeskus, Online). In relation to threats such
as insects and other damages, the Forest Damages Prevention Act
(FINLEX, Forest Damages Prevention Act 1087/2013) aims to keep a
good health status and limit damages to Finnish forests by establishing
certain obligations for forest owners. However, according to the re-
spondents’ suggestions and opinions in response to the replacement of
Kemera subsidies (Temporary Act of the Financing of Sustainable
Forestry 34/2015), the new Incentive System Metka should provide
more substantial subsidies and be more accessible to forest owners.
Concerning improved accessibility to information, Yousefpour and
Hanewinkel (2015) and Brunette et al. (2020) identified that lack of
proper information was hindering forestry professionals’ adaptation
decisions in central Europe.

Dzukija advocates for broader forest recognition, flexible subsidies,
and addressing management issues. In Lithuania, the Forest law (I-671/
1994) institutes forest zoning, regulates state and private forests, and
provides a strict baseline for forestry practices (Lietuvos Respublikos
misky jstatymas 1-671/1994). The legislation issued by the Ministry of
Environment specifically regulating Forest felling (D1-690,/2010), For-
est restoration (D1-199/2008) and Forest sanitary protection
(D1-204/2007) (Misko sanitarines apsaugos taisykles D1-204,/2007;
Misko atktirimo ir jveisimo nuostatai D1-199/2008; Misko kirtimo
taisykles D1-690/2010). Forest policy is based on centralization, more
severe management restrictions and command-and-control principles
(Brukas et al., 2013; Makrickieneé et al., 2019). It still lacks freedom of
decision, adaptive management and increased environmental consid-
eration (Brukas, 2014). The ambitions to improve forest governance and
finding consensus on the future directions were mainly associated with a
National Forest Agreement on Forests (2021-2022). However, after a
long and exhausting stakeholder discussion process, the agreement was
not reached, increasing the gap between forest use and biodiversity
conservation.

Iedera recommends reducing bureaucracy, attracting youth to
forestry, and updating legislative frameworks. In Romania, the legal
system for the forest sector is based on the Forest Code which has been
recently changed as the Law no. 331/2024 (Romanian Parliament,
2025). The forest code provides the general framework for the sustain-
able management of Romanian forests, detailing aspects related to forest
administration, management and planning, biodiversity conservation,
forest protection, logging, research and education in forestry, forest
accessibility, etc. The subsequent legislation impacting the forest sector
comprises more than 200 Governmental Decisions and Ministerial Or-
ders, creating one of the most restrictive regulatory frameworks in
Europe (Scriban et al., 2019; Nichiforel et al., 2020). In 2022, the Na-
tional Forest Strategy 2030 was approved, setting the grounds for a new
legal framework, as well as updated technical norms for forest man-
agement (Romanian Government, 2022). In December 2024, the new
Forest Code was approved, strengthening e.g. the penalties for docu-
ment falsification leading to illegal logging. Abrudan et al. (2009) and
Marinchescu et al. (2014) evaluated current issues and common ex-
pectations of forest managers, agreeing with our findings on the prob-
lems caused by illegal logging and the inadequacy of existing legislation
(such as the loopholes found by Albulescu et al., 2022 in the forestry
legislation).

Central Serbia focuses on forest management, afforestation, and
intersectoral cooperation. In Serbia, the Forest law (FAOLEX Database,
5/2010, amended in 12/2018) regulates the use and management of
forests, their protection and conservation. Rogelja and Shannon (2017)
mentioned the role and limitations for actors to influence forest policy in
the country (specifically in relation to anti-corruption measures). This is
conveyed by the suggestion of improving intersectoral cooperation and
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by the importance given to ethical legitimacy by the respondents in the
Serbian LL. The policy analysis by Milutinovi¢ (2024) points in the same
direction, highlighting the need for multi-sectoral initiatives to address
climate change impacts. On the topic of afforestation, the Serbian State
provides subsidies for afforestation purposes, although linear trends in
total afforested area are negative for the period 2002-2021 (Cirkovi¢
et al., 2022).

Xeromero suggests adjusting sustainability goals, modernizing pol-
icies, attracting youth, providing funding opportunities, and addressing
threats for proper supervision. In Greece, forest policy commenced by
the creation of the Forest Service in 1830, however, systematic forest
management was not implemented until the end of the Ottoman
conquest. In 1923 the first National Parks were created while the
“Golden Era” of forest management began by 1957 and, since then, there
have been increasing law amendments and measures to protect this
valuable natural resource i.e., law 3208/2003 on the protection and
regulation of rights over forests. More recently, law 5106 of 2024 con-
siders the impacts of climate change on forests and other systems, and
establishes the necessary arrangements to address them. Additionally,
the law 5069 of 2023 and related ministerial decisions regulate the
utilisation of forest biomass in Greek forests (FAOLEX Database, 2025),
especially regarding bioenergy purposes. In line with our findings, in the
questionnaire study by Tsioras (2010) forestry workers and experts
expressed the need for better guidance and training, as well as incentives
and subsidies to promote the forest operations sector in Greece. Land-
owners responding to the questionnaire study by Kassioumis et al.,
(2004) agreed that forest policies should prioritize the regulation of
subsidies and the contribution of forestry to environmental and societal
objectives rather than production objectives. These results emphasise
some of the same key policy aspects and suggestions mentioned by our
respondents.

In summary, subsidies for afforestation, nature-aligned improvement
plans, and effective forest management practices are highlighted as
crucial across all regions except Dzukija. In Iedera’s policy suggestions,
subsidies are seen as necessary for those forest owners who are engaging
in limited economic activities due to their forest conservation efforts. So,
subsidies for the preservation of values remain more theoretical than
practical there and, in such situations, compensating forest owners is
essential.

Thus, similarities are also observed in response to questions about
supporting future forests through today’s forest-based sectors. The most
similar positive outlooks are observed in North Karelia and Central
Serbia, with similarities in neutral reactions observed in Iedera and
Dzukija, while interestingly Xeromero reflects a mix of neutral and
negative sentiments. A similar pattern, following a North-South gradient
in perceptions about the impacts of climate change was observed in the
questionnaire study by Roitsch et al. (2023). The study revealed that
northern European countries (including Finland) had more balanced
perceptions on the topic, whereas respondents from southern countries
were more skeptical about the effects of climate change on forests. In our
study, these perceptions are reflected in stakeholders’ views on what
types of measures to adopt (whether active forest management or policy
and governance related) in order to respond to forest threats and ensure
forest adaptation capacity.

However, addressing forest threats remains a common priority across
all regions, with a consensus on the importance of timely interventions,
ongoing monitoring, and the promotion of diverse tree species. While
North Karelia and Xeromero adopt a broad approach to addressing
threats, ledera, Dzukija, and Central Serbia place more emphasis on
specific actions and technical aspects in their forest management stra-
tegies. Considering all LLs, pests and damages emerge as primary con-
cerns on a global scale. Moreover, governance challenges are apparent
across various regions, notably with a significant focus on combating
illegal logging in Romania and Serbia. In spite of increasingly negative
climatic impacts, governance issues topped the agenda of those LLs,
especially in relation to illegal logging. Existent research aligns with
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these results, pointing to the importance of governance questions in
forest management and their role in Central-Eastern European countries
(Bouriaud et al., 2013; Nichiforel et al., 2018, 2020). In Serbia and other
Balkan countries, governance approaches have been mentioned as a key
factor influencing illegal logging (Radosavljevic et al., 2024). Gover-
nance issues like administrative requirements and financial support for
forestry were mentioned in all living labs. In Lithuania, illegal logging
was also a concern for the respondents, which is in line with existing
research (Bouriaud, 2005). The role of natural disturbances followed our
expectations, with biotic disturbances topping the agenda in the North
while fire was more important in Southern Europe. Conversely, in North
Karelia, Finland, governance issues receive comparatively less attention.
Stakeholders in the North favor solutions rooted in silviculture and
species management, whereas in the South, societal management ap-
proaches are more prominently emphasised.

5. Conclusion

Synthesizing the above discussions, it is evident that effective
governance mechanisms are essential for combating illegal activities
and promoting sustainable management practices. Bridging the
communication gap between foresters and the public, while fostering
collaboration among stakeholders, including NGOs and local commu-
nities, is crucial for achieving meaningful progress. Additionally, as
evidenced by the comparative analysis of illegal cutting issues across
different LLs, understanding regional disparities is crucial for formu-
lating targeted solutions to resolve this issue by taking necessary steps to
promote sustainable forestry practices globally. Improving the admin-
istration of illegal logging areas, enforcement of laws and increasing the
reporting of fraudulent timber data could enhance illegal logging
control.

In conclusion, we can assert that regional strategies for forest
adaptation should be favoured by policymakers, accounting for the
differing forest threats, management approaches and perceptions found
across the LL. Stakeholders advocate for region-specific solutions like
mixed-species planting, pest control, and climate-smart forestry for
North Karelia; forest management coordination, fire prevention for
Dzukija; improved communication, law enforcement, skilled personnel,
and ecological education for Idera and Central Serbia. These issues
should be addressed by decision-makers to enhance forest management
and resilience of these regions. In future research, we should focus on
experimental studies on region-specific adaptive strategies that could
help to manage and improve resilience of our forests in sustainable
ways, while addressing the impacts of climate change.

In general, effective forestry management of these regions should
prioritize the consideration of diverse socio-economic, environmental,
and governance factors. By embracing a multifaceted approach and
fostering inclusive decision-making processes, we can address regional
forest threats, build resilient forests, and adapt to climate change,
leading towards a more sustainable future for both our forests and
communities.
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