
 

 

                          Funded by the European Union Horizon Europe programme, under Grant agreement n°101060554. Views and 
opinions expressed are however those of the authors) only and do not necessarily reflect those of the European 
Union or REA (European Research Executive Agency). Neither the European Union nor the granting authority can 
be held responsible for them. 

Database including forest 
types, forest ecosystem 

services, socio-economic 
indicators, and forest 

management practices in 
each case study area 

D3.2 



                      
 

Smart decisions for sustainable forest 
management 

 

 

 

 
Project Acronym OptFor-EU 

Project Name OPTimising FORest management decisions for a low-
carbon, climate resilient future in Europe 

Project Coordinator ADMINISTRATIA NATIONALA DE METEOROLOGIE R.A. 
(MeteoRo) 

Project Duration January 2023 – December 2026 

Website https://optforeu.eu/ 

 

Deliverable No. D3.2 

Dissemination Level PU 

Work Package WP3 

Lead beneficiary INCDS 

Author(s) Nicu Constantin Tudose (INCDS), Mihai Hapa (INCDS), 
Mirabela Marin (INCDS), Romulus Oprica (INCDS), 
Cezar Ungurean (INCDS) 

Reviewed by Sorin Cheval (MeteoRo), Laurentiu Ciuhu (MeteoRo), 
Dana Micu (MeteoRo), Elisa Grieco (CNR), Alessio 
Collalti (CNR), Daniela Dalmonech (CNR), Mauro 
Morichetti (CNR), Marius Rohde Johannessen (USN), 
Ilaria Zorzi (BB), Mar Riera Spiegelhalder (ENT), 
Hermine Mitter (Uni Graz), Kriton Arsenis (IEECP), Alice 
Ludvig (BOKU) 

Date 21 February 2025 

File Name OptFor-EU_D3.2_ Database including forest types, 
forest ecosystem services, socio-economic indicators 
and forest management practices in each case study 
area _v01_20250221 

  

https://optforeu.eu/


                      
  
 

 

 

 

3 

                                         D3.2 Database including forest types, forest ecosystem services, socio-
economic indicators and forest management practices in each case study area 

 

Legal Notice 

The sole responsibility for the content of this publication lies with the authors. It does not 
necessarily reflect the opinion of the European Union. Neither REA nor the European 
Commission is responsible for any use that may be made of the information contained 
therein. 

Published in February 2025 by OptFor-EU. 

© OptFor-EU, 2025. Reproduction is authorised provided the source is acknowledged. 

 

About OptFor-EU 

OptFor-EU aims to co-develop a Decision Support System (DSS) with forest managers 
and other forest stakeholders, that provides them with suitable climate adaptation and 
mitigation options for science-based optimising forest ecosystem services (FES) 
(including decarbonisation) and enhancing forest resilience and its capacities to mitigate 
climate change (CC) across Europe. 

The project ‘OPTimising FORest management decisions for a low-carbon, climate-
resilient future in Europe (OptFor-EU)’ will build a Decision Support System (DSS) to 
provide forest managers and other relevant stakeholders with tailored options for 
optimising decarbonisation and other Forest Ecosystem Services (FES) across Europe. 

Based on existing data sources, OptFor-EU will define a set of novel Essential Forest 
Mitigation Indicators (EFMI) to characterise and quantify ecosystem services and their 
decarbonisation potential, addressing end-user requirements. There are five specific 
objectives of OptFor-EU: 

● Provide an improved characterisation of the Forest-Climate Nexus and FES; 
● Utilise end-user-focused process modelling; 
● Empower forest end-users to make informed decisions to enhance forest resilience 

and decarbonisation; 
● Provide a novel DSS service; and 
● Bridging different EU strategic priorities, robust science, and stakeholders in the 

forest and forest-based sectors. 

Based on a supply-demand approach, the methodology combines an iterative process of 
data consolidation, modelling, and co-development of solutions alongside forest 
managers and other practice stakeholders in all European Forest Types. The DSS will be 
designed and tested at 8 case study areas, to provide a ready-to-use, near-to-operational 
service (TRL7) at the European level, while a user adoption and up-take plan will maximise 
the societal and business impact.  
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EXECUTIVE SUMMARY 
D3.2 aims to report the process for data collection regarding European Forest Types (EFT), 
Forest Ecosystem Services (FES), Forest Management Practices (FMP), and Socio-
Economic indicators (SE) in each case study area (CSA), as a database that integrates 
relevant information on each parameter.  

Section 1 introduces the context of the present report. 

Section 2 describes the aim of the OptFor-EU database. 

Section 3 presents the methodology adopted across all case studies to collect raw data 
regarding European forest types, current forest management practices, forest ecosystem 
services, and socio-economic information. 

Section 4 provides the main results of this report, consisting of a short description of forest 
types categories and current management practices in each case study which were 
described in detail in deliverables D1.1 Gridded dataset of European forest types and D2.1 
Report on the forest management practices and their relevance in different case study 
areas of the OptFor-EU project. This section "goes beyond" the above-mentioned 
deliverables and complements the research with information regarding FES and SE 
indicators that were collected through quantitative and qualitative methods Thus, a 
series of structured surveys and semi-structured interviews were applied to explore 
stakeholders’ perceptions of climate change, their climate change and adaptation 
appraisal and their intended forest management practices affecting ecosystem services. 

Section 6 gives a short update on stakeholder database, while Section 7 presents the 
overall structure of the OptFor-EU database. 

Section 8 draws conclusions from this report. 
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1. Introduction 
OptFor-EU through WP3 builds a comprehensive data collection of current Forest 
Management Practices (FMP) and Socio-Economic (SE) variables in all European Forest 
Types (EFT) and Forest Ecosystem Services (FES) across Europe. 

We build a FMP, EFT, FES and SE variables database because forests are long-lived 
ecosystems with a fundamental role in mitigating the negative effects of climate change 
(Blattert et al., 2023). Climate conditions are believed to alter forest ecosystems and 
associated services worldwide and at multiple scales (Hiltner et al., 2021; Kruhlov et al., 
2018; Searle and Chen, 2018) thus, enabling changes in species composition and forest 
practices in the near future (Kruhlov et al., 2018) which requires for accurate forest 
information with reduced uncertainty that facilitates a planning process which considers 
all user needs and interests. Additionally, social and economic development influence the 
FES provision at different times and scales (Shi et al., 2022). 

Together with the already condensed information from deliverables D1.1 Gridded dataset 
of European Forest Types (Giannetti and Zorzi, 2023) and D2.1 Forest Management 
Practices and their relevance in case study areas (Neumann et al., 2023), WP3 provides 
an overview of the data compiled during the OptFor-EU project. Even though the focus 
of D32. is on the above-mentioned deliverables, several datasets exist and build on the 
work done in WP1 (defining Essential Forest mitigation indicators−‘EFMI’) but also 
through the extensive content analysis of qualitative interviews and the expert survey 
conducted in WP5 which were applied in each case study areas (CSA). Furthermore, 
relevant data in D3.2 also comes from the screening of relevant SE indicators at the local 
scale, which are validated through stakeholders’ engagement activities (interviews and 
open discussions) and used to provide Shared Socioeconomic Pathways (SSPs). 

Effective forest planning, management, and related policies rely on harmonised and 
updated datasets (D’amico et al., 2021). To this extent, the OptFor-EU database for each 
CSA is built not only on existing literature and databases. It also includes contributions of 
forest experts working at different institutional levels and scales, as well as the 
stakeholders’ needs and requirements. Such approach has shown gaps in knowledge 
revealed during the stakeholder engagement activities developed by WP3 and 
integrated into the D3.3 Report on threats and challenges for increased forest-based 
carbon removals in case study areas (Tudose et al., 2024).  

Using the data collection, OptFor-EU extends existing SSPs by providing input for 
modelling and analysis ensuring that the assessment meets the environmental and 
societal goals expressed by the European Green Deal (EGD) and the New European Forest 
Strategy for 2030 (EUFS). The collaborative effort of OptFor-EU towards addressing such 
issues comes systematically. Stakeholders are engaged in defining scenario elements 
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(e.g., major drivers of the system of interest) then they validate the system understanding 
and determine the direction of change in the forest sector while considering global 
developments. Thus, the data collection serves as an integral part of the OptFor-EU 
Decision Support System (DSS) empowering stakeholders, especially forest managers, to 
enhance climate adaptation and mitigation. 

2. Aim of this report 
The aim of the D3.2 is to provide an overview on local data (EFT, FMP, SE indicators and 
FES) collected and used across WPs to enable the achievement of their tasks. Moreover, 
the assembled SE indicators will serve as key inputs for model simulations (WP2), 
enabling the exploration of a range of SE and climate scenarios − including disturbance 
hotspots − and idealized FMP relevant to forest managers. This process also facilitates the 
examination of how behavioral factors shape forest-based mitigation strategies and 
clarifies the influence of political-institutional frameworks (WP3, WP5). The impact of such 
policy drivers (behavioural and institutional factors) could be analysed through various SE 
indicators (e.g., Financial inflow for public good demand; Revenue from new forest goods, 
Revenue from forests, Investments and so on), which subsequently shall satisfy to a 
certain extent the fulfilment of a certain criteria (e.g., Economic performance which falls 
under the policy goal of Strengthening the economic performance of forestry).This 
comprehensive overview involves connecting various stakeholder groups and analysing 
their roles in local case studies, especially analysing SE aspects through a multi-actor 
approach (MAA). 

The collected data (e.g., EFT, SE indicators, and FES) contributes directly to the DSS. Thus, 
the spatial distribution of EFT and site-level FMP feed into WP4’s scenario modelling 
framework by establishing baseline conditions for carbon sequestration potential and 
resilience metrics. Meanwhile, SE indicators and stakeholder-driven priorities gathered in 
WP3 help define realistic policy or management scenarios (WP5) within the DSS, allowing 
end-users to explore the trade-offs and synergies among different forest management 
strategies. By integrating these data categories, the DSS can generate outputs that 
inform practical, evidence-based decisions aimed at both climate mitigation and SE 
sustainability. 
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3. Material and methods 

3.1 Data sources 
The collected data (EFT, FES, SE indicators and FMP) was established based on local, 
regional, and national level databases in each CSA. Moreover, additional documents were 
consulted, from national guidelines to previous research projects and scientific literature. 
To complement existing databases, various additional sources were considered, including 
academia repositories (universities, research institutions) and expert opinions from both 
inside and outside the OptFor-EU project. In summary, the systematic collection of the 
database sources (Table 1) was the main goal at hand and the results maintained a high 
standard of quality while reflecting relevant local, regional, and national differences as 
well as communalities. 

Table 1 – Data sources used for OptFor-EU database 

Resulted database WPs Data sources Observations 

European Forest 
Types  

WP1 
Map of biogeographic regions of Europe, 
Bioclimatic Map of Europe, Copernicus Land 
Monitoring Services project, Pan-European Digital 
Elevation Model, European catchments and Rivers 
network system 

The collection 
method was 
comprehensive 
and extended. 
For the 
database 
creation, 
sources 
referred to are 
used in almost 
every CSA, 
based on their 
availability. 

Forest Management 
Practices  

WP2 
- Forest management plans 
- Universities and national institutions databases 
- National policy support documents and 
guidelines: e.g., National Forest Accounting Plans 
(NFAPs) 
- Forest national regulations (e.g., Technical 
regulations on the selection and application of 
treatments) 
- National Forest Inventory (NFI) 
- Annual statistical data/reports for forests 

Forest Ecosystem 
Services  

WP3, 
WP5 

- Expert survey 
- Qualitative interviews 

Socio-Economic 
indicators  

WP1, WP3 
- Scientific literature: peer-reviewed scientific 
articles and policy documents analysis 
- Forest management experts involved as 
partners in the OptFor-EU consortium 
- OptFor-EU stakeholders with expertise in forest 
management 
- Structured and semi-structured interviews 

The qualitative interviews (see Annex 1) served as input for identifying aspects concerning 
SE indicators. As stated in the deliverable D3.3 Report on threats and challenges for 
increased forest-based carbon removals in CSA, the interviews were developed under 
the task T5.3 (WP5 Up-take and User Adoption) and focused on exploring forest 
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managers’ perceptions on FES, FMP and climate change and data including SE 
information. In each CSA, the interviews were performed using different online platforms 
(e.g. Zoom, Google Meet) and face-to-face meetings to encourage stakeholders to share 
their views and perspectives. The target group for this activity was forest managers from 
all CSAs. 

Alongside interviews, an online survey for ranking the Essential Forest Mitigation 
Indicators (EFMI) was developed under T1.2 Develop a set of novel EFMI and an open-
access code for the related data under WP1 (Harmonised database). This survey aimed 
to contribute to the selection of appropriate indicators to be fed into the OptFor-EU DSS 
to address the information needs and interests of the forest managers regarding 
improving the decarbonisation of forests through active forest management activities, 
especially in the face of global change. This survey was provided in English to ensure the 
consistency of the questions and was disseminated online using the LimeSurvey tool. In 
some cases, stakeholders were assisted by the CSA facilitators to fill in the survey through 
online meetings. The survey was applied for two main target groups, i.e., experts from key 
European institutions (e.g. EFI, FAO, IUFRO), and forest managers from each CSAs. The 
EFMI survey was reinforced by an extensive literature review employing a top-down 
approach (Annex 4). This review focused on identifying SE indicators used to assess forest-
based mitigation strategies, environmental integrity, and social acceptability. The 
indicators identified were then aligned with or compared against the ex. pan-European 
(Forest Europe) indicators for Sustainable Forest Management (SFM). In this context, 
besides the indicators themselves, the criteria and concepts around the SE aspects of 
forestry and forests were tackled. This action facilitated an in-depth understanding of the 
status of the forest sector and the circular economy around it. 

3.2 Forest types 
Being the largest terrestrial ecosystems, forests provide multiple benefits to local 
communities (European Environment Agency, 2023). However, these are exposed to 
manifold pressures, including climate change (Burrascano et al., 2023; Morichetti et al., 
2024; Vangi et al., 2024a). Several studies emphasize that the structure of European 
forests will be affected by climate change (Billing et al., 2022; Moreno et al., 2018; Thom et 
al., 2022). At the European level, forests cover around 30% (Pretzsch et al., 2023) and are 
divided into 14 categories differentiated according to their naturalness level and 
dominated in native species (Barbati et al., 2007; Marchetti, 2000). Forest types are 
defined as ‘a category of forest defined by its composition, and/or site factors (locality), 
as categorized by each country in a system suitable to its situation’ (The Montreal 
Process, 1998). However, the EFT distribution at the European level is uneven and widely 
varies amongst countries (European Environment Agency, 2023). 
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Different data sources were exploited in the deliverable D1.1 Gridded dataset of European 
Forest Types (Giannetti and Zorzi, 2023) of the OptFor-EU project. To provide a proper 
scientifically-based classification of EFT, WP1 conducted a plethora of activities for this 
deliverable. The work done to provide such a database was based on various and 
thorough steps which started with a detailed description of the EFTs categories based on 
the literature review referring to (Giannetti et al., 2018, Pividori et al. 2016; Barbati et al., 
2014; EEA, 2006) and followed by a summary of the main ecological and anthropogenic 
factors influencing the variation of forest type indicators at category level: Boreal forest; 
Hemiboreal and nemoral coniferous and mixed broadleaved-coniferous forest; Alpine 
forest; Acidophilous oak and oak-birch forest; Mesophytic deciduous forest; Beech forest; 
Mountainous beech forest; Thermophilous deciduous forest; Broadleaved evergreen 
forest; Coniferous forests of the Mediterranean, Anatolian and Macaronesian regions; Mire 
and swamp forest; Floodplain forest; Non-riverine alder, birch, or aspen forest; Introduced 
tree species forest 

However, to produce the gridded EFTs map the authors used the JRC’s maps to have 
quantitative data on the presence of tree species (Giannetti and Zorzi, 2023). It was 
decided to do so because the JRC maps provided a large list of forest tree species 
compared with the other two available datasets. Thus, the authors analysed the following 
five-raster grid layers (Giannetti and Zorzi, 2023): 

• Map of biogeographic regions of Europe prepared by the European Environmental 
Agency (EEA);  

• Bioclimatic Map of Europe (Rivas-Martínez et al., 2014) at a 1:16,000,000 scale, which 
identifies the thermo-climatic belts of Europe in 5 regions, 9 subregions, 34 
provinces, and 88 sub-provinces; 

• Natural Vegetation map of Europe;  
• Copernicus Land Monitoring Services project at the EEA; 
• Pan-European Digital Elevation Model (DEM) with an original spatial resolution of 

1 arcsec available at EEA  
• Raster grid Forest Types at the nominal year of 2018 at 100 m resolution that 

provided a classification of forest types at pixel level using four categories (0:26 
Gridded dataset of EFT all non-forest areas, 1: broadleaved forest, 2: coniferous 
forest, 3: mixed zones);   

• Vector layer of European catchments and Rivers network system available for the 
whole of Europe and downloaded from the EEA Agency geodata catalogue. 

Furthermore, the chosen layers were used to create different Boolean masks (1/0) to 
identify the braking points necessary to classify the EFTs categories (Giannetti et al., 2018), 
the report of EEA (2006), and the work of Barbati et al., (2014). Such activity produced eight 
environmental masks which were created to further classify the different EFTs categories:  
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• WETLANDS MASK;  
• FLOODPLAIN MASK;  
• HEMIBOREAL AND ATLANTIC MASK;  
• BOREAL MASK;  
• ALPINE MASK;  
• MEDITERRANEAN, MACRONESIAN AND ANATOLIAN MASK;  
• ACIDOPHILUS MASK; 
• MOUNTAIN MASK;  
• INVERSE MOUNTAIN MASK 

However, classifying the EFT categories in an effective way requires Relative probability 
of presence (RPP) maps which have to be consistent with the Land Monitoring Services 
(Copernicus Land Monitoring Service, 2021) and to obtain a value assimilable to the 
‘dominant threshold’ as identified for basal area in the automatic classification done by 
Giannetti et al., (2018) and Barbati et al., (2014). The CONIFEROUS and BROADLEAVED 
FOREST MASKS were used to mask the JRC RPP which were firstly resampled to 100 m 
resolution, as the HRL Forest, and then masked in accordance with CONIFEROUS 
FOREST/ BROADLEAVES FORESTS MASKS. For clarification, the pixels of the broadleaves 
RPP map that coincide with coniferous forests in the masks were forced to be equal to 0 
(no probability of finding the species), and the pixels of the coniferous RPP maps that 
coincide with broadleaves forest in the mask were forced to be equal to 0 (no probability 
to find the species). The rule-based expert system algorithm uses as input data the 
breaking point masks and the RPP normalised maps (described in section 5) to construct 
the classification of EFTs categories. 

3.3 Forest ecosystem services and socio-
economic indicators 
Ecosystem services represent ‘the benefits that people obtain from ecosystems’ (MEA 
2005, p. 49) and are defined as “The direct and indirect contributions of ecosystems to 
human wellbeing” (TEEB 2010, p. 37). Forests are the main providers of ecosystem services 
(Mengist and Soromessa, 2019). This concept illustrates the wide range of goods and 
services that humans benefit from nature and their influence on the decisional process 
(Sing et al., 2015). Ecosystem services are also considered a useful instrument for 
supporting decision-makers towards more sustainable and climate-resilient decisions 
(Mengist and Soromessa, 2019). Although these services are well known, limited attention 
was paid to the manner of governing and using them in the decisional process (Nichiforel 
et al., 2021).  
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FES provision is jeopardised by different factors including environmental and 
management changes (Dalmonech et al., 2022; Maier et al., 2021; Rani et al., 2023; Schirpke 
et al., 2017; Sing et al., 2015; Testolin et al., 2023). On the other hand, proper forest 
management could assist the FES provision (Maier et al., 2021). Thus, the management of 
forests should be oriented toward securing the provision of FES at a temporal scale, 
especially in the long term due to their increased demand (Weiss et al., 2020). Balancing 
the ecosystem services demand-supply relationship is a challenging task, mainly due to 
various responses to environmental changes (Wang et al., 2024). The development of new 
spatial planning policies must integrate an analysis of FES to reinforce their utility, 
usability, and efficiency (Chen, 2020; Dalmonech et al., 2024; Gomes et al., 2021; Grêt-
Regamey et al., 2017; Qiu et al., 2022). In this respect, is mandatory to predict the manner 
in which forest management influences the supply of FES and how their resilience to 
different drivers of changes can be improved (Duncker et al., 2012; Schirpke et al., 2023; 
Vangi et al., 2024b). 

Evaluation of SE impacts particularly under climate change is fundamental for guiding 
decision-makers toward a sustainable economy even if this process may be characterised 
by uncertainty (Monasterolo et al., 2019; Shi et al., 2022; Wang et al., 2024). The 
sustainability performance within different sectors can be quantified through SE 
indicators (D’Adamo et al., 2020; Wang et al., 2024). Although the efficiency of natural 
resources can be improved through circular bioeconomy, a fundamental activity consists 
of monitoring the dimensions of the different changes including the environmental and 
social aspects as well as environmental and management policies (D’Adamo et al., 2020; 
Marchi et al., 2017; Wells et al., 2017). To ensure the inclusion of comprehensive 
perspectives and realistic input from multiple sectors the involvement of stakeholders is 
mandatory although they usually have contrasting views (Doyen et al., 2019; Monasterolo 
et al., 2019). Even so, their active involvement starting with the co-creation stage will 
support the achievement of sustainability (Chaurasia et al., 2020; Doyen et al., 2019). 

The OptFor-EU approach towards FES is based on the FES assessment using the 
Mapping and Assessment of Ecosystem Services (MAES) methodology developed under 
the framework of the EU Biodiversity Strategy for 2030 (EUBS), Target 2, and Action 5. 
Moreover, its classification is based on the combined Common International Classification 
of Ecosystem Services (CICES), and Millenium Ecosystem Assessment (MAE) 
classifications. Thus, the EFMI indicators are organised according to an adapted cascade 
model, by splitting the indicators into decarbonisation benefit and/or decarbonisation 
loss, the approach being detailed and developed in D1.2. Report on a novel set of EFMIs, 
which to a certain extent acts as a source and relevant pool for SE indicators collection. 
However, through the interviews, we also gathered stakeholders' opinions towards FES 
and the impacts that forest management has on their fulfilment. The analysis consists of 
a simplified approach which has at its core deductive reasoning and perceptions towards 
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what ecosystem services stakeholders view as important and which one they satisfy most 
through their practices. 

The SE indicators evolved from a two-fold approach which looks towards the 
appropriateness and suitability of necessary variables, as expressed by stakeholders in 
participatory approaches. Variables in forestry shows the dynamics and complexity of 
management practices as a system of actions. To this extent, benchmarking under the 
form of criteria (themes or policy goals) and indicators needs to be grounded into practice 
and evaluate or express the tendencies in certain areas of management (e.g.: economics, 
sustainability, cooperation etc.) (Chudy et al., 2016; Hapa, 2019; Hasnaoui and Krott, 2019; 
Krykorková et al., 2022; Stevanov et al., 2018; Talpă et al., 2021; da Motta Bustamante et al., 
2018; Krott, 2005; Linser and O’Hara, 2019; Linser and Wolfslehner, 2022). Highlighting the 
necessity of understanding key processes and outcomes in any system Grieble and Klein, 
(2004) stressed the urgency of analysing how different institutions (firms, companies, 
public bodies, etc.) meet the policy programs (known as e.g. objectives; goals) in practical 
terms. There is no doubt that the criteria developed by either international (e.g., Forest 
Europe) or national bodies and frameworks (e.g., National Forest strategies) could be used 
to management tasks but also authority tasks which eventually fall on entities regardless 
of their status (public or private bodies). To this extent, the principles of this necessary 
assessment towards SE indicators collection (Figure 1) are: 1. Policymaker perspective 
towards policy programs expressed in international and national documents related to 
SFM; 2. Identify relevant SE indicators that satisfy all user needs; 3. Simplify criteria and 
indicators to assess the future SSPs which covers the practices and their driving factors. 

 
Figure 1 – Concept for comprehensive SE indicators identification (adapted from Krott and 

Stevavov, 2008) 
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For such a challenging assessment, one might require additional information which 
would, however, only add extra elements to the complexity of SFM and not the process of 
problem-solving each stakeholder will pursue. Thus, the socio-economic indicators 
collection approach uses an adaptation of the benchmark-model 3L Method (Krott, 2008) 
which encompasses three levels and the linkages necessary for criteria and indicators 
collection for SFM and its associated practices. The policy framework, also known as the 
relevance level, includes relevant forest laws and programs, formulated at either national 
or international level. Moreover, the theoretical frameworks domain comprises different 
theories of economics, natural, business and political theories with high respect towards 
the nature of processes which enlarge or limit the power of stakeholders of any kind. 
While the first two levels are mainly known to assess state institutions, in various 
countries, state forest administration is of lower importance than private administration. 
Moreover, the evaluation of companies, firms and private administration is outcome-
based, rather than resource-based, having SFM as a general goal. The last and most 
sought nowadays is the layer of empirical evidence which observes, through qualitative 
and quantitative methods, phenomena that pertain to facts rather than value-based 
judgments that are observable in the current settings. Nevertheless, the approach 
combines the most debated means of analysis which are a. top-down and b. bottom-up 
(Figure 2). 

a. Top-down approach:  
Refers to a benchmark which is politically relevant, often used to balance ecological and 
SE benefits of targeted goals and objectives. In OptFor-EU, the top-down approach has 
been tackled through a sequence of events. First of all, through D.7.3 Interim report on 
project’s response to European Green Deal and New EU Forest Strategy (Cheval et al., 
2024) policy programs were identified among EGD and EUFS which was complemented 
by EUBS, Kunming, etc. Secondly, a review of relevant indicators with direct and indirect 
impact towards the SE sphere of influence was carried out. This assessment took into 
account several policy documents (Ahammad et al., 2024; FAO, 2018; FAO and CPF, 2022; 
Hatziiordanou et al., 2019; Köhl et al., 2020; Krott and Stevavov, 2008; Lanz et al., 2020; Lier 
et al., 2022; Linser, 2020; Pukkala et al., 2008; Pukkala, 2021; Riccioli et al., 2020; Weiss et al., 
2019; Winkel, 2017). 

One of the first requirements of an applicable benchmark is most likely its political 
relevance. The top-down approach looks into identifying the goals of SFM on a high 
political level (international and national frameworks), an assessment which actually was 
done in D.7.3 Interim report on project’s response to European Green Deal and New EU 
Forest Strategy (Cheval et al., 2024). Furthermore, in D.7.3., EGD and EUFS further 
specifications were analysed and assimilated with OptFor-EU general expressed 
objectives. 
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While the main policy programmes (e.g., objectives, commitments or targets) are 
outlined in D7.3 (Cheval et al., 2024), OptFor-EU highlights its contribution that leads to a 
significant reduction in net emissions of greenhouse gases related to FES, supports the 
biodiversity conservation efforts, boosts sustainable use of forest resources (including the 
long-lived wood products), and smooth integration of different economies and societal 
values at European scale. The fulfilment of various policy programs (objectives) across 
different sectoral issues requires measurable and easy-to-use instruments such as 
indicators. The ones in existence right now cannot cover the extended dimension of 
sustainability (Commitment 3.1). Protecting EU’s last remaining primary and old-growth 
forests: [...] building on the Forest Europe sustainable forest management criteria, the 
Commission, together with the Member States and in close cooperation with different 
forest stakeholders, will identify additional indicators as well as thresholds or ranges for 
sustainable forest management concerning forest ecosystem conditions, such as health, 
biodiversity and climate objectives (European Commission, 2021). 

Thus, collecting or providing a comprehensive overview of SE indicators (see Section 4) is 
highly necessary in order to enhance knowledge of environmental integrity, social 
acceptability and the economic feasibility of various forest-based mitigation strategies. 
Moreover, such indicators are strongly correlated with the possibility of forecasting trends 
in the forestry sector but also evaluate the SE performance of forest management plans. 

 
Figure 2 – Mixed approach sequence to socio-economic indicators validation 
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b. Bottom-up approach:  

There is a lack of detailed and comprehensive SE data that could affect and improve forest 
management and the determinants of forest owners’ behaviour which has the possibility 
to balance forest management now and, in the future, (Škema et al., 2024). Therefore, for 
an enhanced understanding of the SE scene at the local level and the bottom-up 
approach prerequisites, information regarding SE indicators was collected through 
qualitative interviews (see Annex 1). Those have been developed under task T5.3 Exploring 
Forest managers’ perceptions on climate change, forest ecosystem services, and forest 
management (WP5 Up-take and User Adoption). The interviews also explore the 
cognitive, social, behavioral and context factors that influence forest managers’ decision-
making; the empirical data were systematically analysed and conclusions were drawn on 
the relevance of SE indicators. The results shall promote SFM, maintain ecosystem 
services, and contribute to regional economic development while eventually enabling the 
identification of challenges and the formulation of recommendations to enhance SFM 
policies. 

The importance of stakeholder engagement in problem-solving is often overlooked 
regardless of the fact that forest managers, program (policy) goals and interests are 
closely interrelated, especially at the levels of values which essentially act as an additional 
emotional anchor towards forests, thus, interests (Krott, 2005). However, OptFor-EU takes 
into account forest managers and other forest stakeholder opinions and emphasises the 
importance of their contributions which fundamentally encourages cooperation. The 
instrumental goal of involvement in participatory processes is expected to give decisions 
greater legitimacy and acceptance, thus easing their implementation. Key advantages of 
such an approach towards SE indicators are its contribution to the evaluation of economic 
benefits, such as income and profits, generated from the management of this critical 
natural resource. Such insights are crucial for the planning and optimisation of forest 
resource utilisation, ultimately leading to an increase in the overall value of the forest and 
on the nature of benefits that communities may expect from the management of a 
natural resource (Ní Dhubháin et al., 2009). 

The creation of a database for the storage of respondents and their engagement results 
is important and would support both quantitative and qualitative data, including 
demographic information, behavioural insights, and opinions, all of which are critical for 
SFM (Škema et al., 2024). All the interviews ensure data privacy and respect ethical 
requirements, the storage of audio data will be ensured during the project but not 
beyond it. Thus, the audio-recorded interviews were transcribed using specialised 
software (e.g., Google API Speech-to-Text or Microsoft Word Transcribe), verified by a 
human operator, and processed to generate a summary of the interview containing the 
most important information necessary in relation to targeted aspects. To identify 
indicators quantitatively, the interviews were analysed and subtracted based on the 



                      
  
 

 

 

 

22 

                                         D3.2 Database including forest types, forest ecosystem services, socio-
economic indicators and forest management practices in each case study area 

 

resulting texts which were subjected to two additional iterations to increase the 
relevancy. Moreover, the relevancy of indicators resulting from the top-down approach 
was validated with the bottom-up resulted indicators from stakeholders. All texts 
extracted from all CSAs for each criterion and indicator were subjected to basic analysis 
using MaxQDA (Rädiker and Kuckartz, 2020) and AI to generate a unified conclusion. 

As mentioned before, through the mixed approach in this report, the top-down SE 
indicators are validated or not by stakeholders. It is also in close relationship with WP5 
activities which will provide D5.3. Report on forest managers’ perceptions on FES and 
their intended forest management and D5.4. Report on socio-economic effects of forest 
management scenarios by CSA. 

Thus, the methodology for SE indicators identification and correlation used triangulation 
and other tools (MaxQDA for analytics) for bottom-up results analysis. This approach has 
become commonly used in social science research which combines simple and explicitly 
defined procedures e.g.: validation of indicators through the layers of empirical 
measurements and theoretical sciences), complemented by top-down policy documents 
analysis performed in D.7.3. Interim report on project’s response to European Green Deal 
and New EU Forest Strategy (Cheval et al., 2024). The validation of bottom-up criteria and 
indicators with the top-down indicators is conducted through a comprehensive 
framework based on empirical evidence analysis application of logic, deductive and 
inductive reasoning, as expressed in Figure 3.  

 
Figure 3 – The validation of bottom-up with the top-down indicators 
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3.4 Forest Management Practices (FMP) 
FMP consists of actions undertaken for certain purposes including improving 
productivity, preserving biodiversity and securing resource sustainability (Dalmonech et 
al., 2022; Duncker et al., 2012). These practices have constantly changed over time and 
include not only the economic side but also social and environmental aspects (European 
Commission, 2023). In this manner, it secures the ability of forests to provide ecological, 
economic, and social benefits now and in the future in a sustainable way (European 
Commission, 2023). Even if forest management plays a fundamental role in mitigating 
the impacts of climate change, forest’s capacity to cope with these changes has 
decreased (Forzieri et al., 2022; Kauppi et al., 2022; Puchi et al., 2024). Therefore, it is 
necessary to adapt forest management to these changes so that forest structure and 
dynamics can be improved (Vangi et al., 2024a). 

OptFor-EU provides a detailed review of FMPs in the deliverable D2.1 Forest Management 
Practices and their relevance in case study areas (WP2 Modelling the F-C Nexus) which 
will be used in forest models (PICUS and 3DCMCC-FEM) (Neumann et al., 2023). To this 
matter, the authors conducted a review of the finished projects that collated information 
on FMP and implemented these into forest modelling frameworks. Several projects were 
taken into account (Table 2): FORMIT management strategies (Härkönen et al., 2019), 
FORMASAM management strategies (Reyer et al., 2020), and ISIMIP and PROFOUND 
management strategies (Frieler et al., 2017; Mahnken et al., 2022), 
https://www.isimip.org/protocol/2b/)/. Thus, OptFor-EU proposes the use of the following 
management practices: 

• Business as usual (BAU) 
• No harvest management (NOM) 
• Adaptive forest management (AFM), (Dalmonech et al., 2022; Saponaro et al., 2025; 

Testolin et al., 2023) developed in D2.2 Report on new forest management 
practices (FMP) in forest models, and implications for land cover change 
parameterisations in climate models (Neumann et al., 2024)  

Table 2 – Forest management strategies reviewed in D2.1 

Project Management strategies 

FORMIT 
• Short rotation 
• Coppice 
• Coppice with standards 
• Even-aged management with shelterwood 
• Even-aged management with clearcut 
• Continuous cover forestry 
• No harvest 
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Project Management strategies 

FORMASAM 
• Current-Site-Specific (mostly even-aged clearcut), but also 

shelterwood, target-focused harvesting diameter-focused 
• Current-Site-Specific (mostly even-aged clearcut), but also 

shelterwood, target diameter-focused harvesting 
• Bioenergy 
• Harvested Wood Products (HWP) 
• Multifunctional Adapted 

ISIMIP 
• Thinning regime (from above and/or below) 
• Thinning intensity (from above and/or below) 
• Harvesting (clear-cut) and replanting (by the same species with 

defined age, stem diameter, tree height, and tree density per hectare) 

For increased accuracy regarding forest management strategies, were conducted various 
complementary steps such as literature reviews, analysis of geospatial and forest 
inventory data but also informal interviews with forest managers that helped collate 
information on BAU and NOM for the CSAs. 

In addition to the FMP data collected within the deliverable D2.1 of the WP2, the 
qualitative interviews developed under task T5.3 Exploring forest managers’ perceptions 
on climate change, forest ecosystem services, and forest management (WP5 Up-take 
and User Adoption), also pursued to collect information related to forest management 
(e.g., forest area, main species of trees, forest function). This information is included in a 
Structural data sheet document (see Annex 2) which was filled by each respondent. The 
interview results will be described in more detail in D5.3. Report on forest managers’ 
perceptions of FES and their intended forest management of the OptFor-EU project. 
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4. Synthesis of OptFor-EU database 

4.1. Forest types across CSA  
The gridded EFTs map across Europe was generated using a sequence of data processing 
and literature review in D1.1 Gridded dataset of EFT – M6 (Giannetti and Zorzi, 2023) and 
D2.1. Report on the FMP and their relevance in different CSA -M12 (Neumann et al., 2023). 
However, we present a synthesis of the process and results. However, we present a 
synthesis of the process and results. First sequence of processing was based on the layers 
presented in the methodology and consisted of creating different Boolean masks (1/0) to 
identify the breaking points necessary to classify the EFTs categories. These breaking 
points were developed through different Boolean masks (1/0) and literature review 
following the work done by Giannetti et al. (2018), the report of EEA (2006), and the work 
of Barbati et al., (2014Thus, being complemented by the geographic layers, nine 
environmental masks were established (Figure 4). 

 
Figure 4 – Environmental (Breaking point) masks (Giannetti and Zorzi, 2023) 

Based on the literature review and JRC RPP maps, the authors resampled to 100 m 
resolution as the HRL Forest and then masked in accordance with forests masks. Thus, to 
be consistent with the Forest Types maps of Copernicus Land Monitoring Services and 
obtain a value assimilable to the “dominant threshold” as identified for the basal area in 
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the automatic classification done by Giannetti et al., (2018) and Barbati et al., (2014) the 
resampling and masking of the RPP maps was done using R-CRAN with the libraries: 
terra, rgdal. After this action, the RPP maps were subjected to a normalisation process 
which resulted in a normalised RPP map for each of the tree species, which was used as 
input for the rules-based expert system classification algorithm. 

Further, the final sequence was to create the EFTs raster grid (Figure 5). Such action was 
conducted by a rule-based expert system Giannetti et al., (2018) and builds on the datasets 
available and created by WP2. In the OptFor-EU project, the rule-based algorithm means 
that the sum of the values of probability of normalised RPP maps was used as the basal 
area. So, the dominant threshold was set as: ‘If the sum of the normalised maps of the 
tree forest species is higher or equal to 50%, the group of species is dominant’.  

 
Figure 5 – EFT raster grid (Giannetti and Zorzi, 2023) 

Moreover, the breaking point masks (forest masks) were used to identify the 
environmental diversity characteristics of each EFTs category. For example, in EFT5 ‘Mire 
and swamp forest’, the dominant species are Picea abies, Pinus sylvestris, Populus 
tremula, Betula spp, Quercus robur, Alnus glutinosa, Alnus incana, and Sorbus aucuparia; 
thus, the rule was set as followed: if the sum of probability to find all the above-mentioned 
species is higher or equal to 50 and the pixels are within the WETLANDS MASK the pixels 
are classified as ‘category 11’ otherwise the process of classification continues. 

At the end, the algorithm performs the classification that results in this map, namely EFTs 
map (Figure 6) (Giannetti and Zorzi, 2023). 
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Figure 6 – EFT categories (Giannetti and Zorzi, 2023) 
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The percentages of each EFT category across CSAs are given in Table 3. For all case 
studies, the most common EFTs are EFT2 (Hemiboreal & Nemoral coniferous & Mixed 
broadleaved coniferous forest) and EFT5 (Mesophytic deciduous forest), while most EFTs 
are condensed in CSA1 and CSA5 (7 out of the total of 14). EFT 5 appears in all case studies 
except CSA7 (Neumann et al., 2023). 

Table 3 – EFT coverage in each CSA 

EFT category** 
EFT distribution across all CSAs* (percentage) 

CSA1 CSA2 CSA3 CSA4 CSA5 CSA6 CSA7 CSA8 

1 19.82 19.82             
2 49.16 49.16 87.33 50.87         
3 13.44 13.44 0 0 3.49 16.51 0.0 0 
4 0 0 0 0 0 0 0 0 
5 0.45 0.45 2.69 19.08 54.85 40.45 0 63.04 
6 0 0 0 10.18 25.15 0 0 0 
7 3.67 3.67 0 12.65 14.12 41.75 0 3.84 
8 0 0 0 0 0.01 0 14.40 31.87 
9 0 0 0 0 0 0 18.47 0 
10 0 0 0 0 0 0 67.09 0.81 
11 0.91 0.91 4.78 0.21 0 0 0 0 
12 12.47 12.47 5.20 4.95 2.38 0.56 0 0 
13 0.08 0.08 0 0 0 0 0 0 
14 0 0 0 2.06 0 0.73 0.04 0.44 

*CSA1- Norway, CSA2- Lithuania, CSA3- United Kingdom, CSA4- Germany, CSA5- Austria, CSA6- Romania, 
CSA7- Spain, CSA8- Italy 
**1 - Boreal forests, 2 - Hemiboreal & Nemoral coniferous & Mixed broadleaved coniferous forest, 3 - Alpine 
forest, 4 - Acidophilous Oak & Oak-birch forest, 5 - Mesophytic deciduous forest, 6 - beech forest, 7- 
mountainous beech forest, 8 - Thermophilous deciduous forest, 9 - Broadleaved evergreen forest, 10 - 
Coniferous forests of the Mediterranean, Anatolian & Macaronesian regions, 11 -Mire and swamp forest, 12 - 
Floodplain forest, 13 - Non-riverine alder, Birch or aspen forest, 14 - INTRODUCED Tree species forest 

4.2. Forest Management Practices across CSA 
FMP was addressed in the deliverable D2.1 Forest management practices and their 
relevance in case study areas of the OptFor-EU project (Neumann et al., 2023). The 
authors defined the existing FMPs, both BAU and NOM used in the PICUS and 3D-CMCC-
FEM forest models. After an extensive literature review for identifying the FMP 
implemented into forest modelling frameworks, the authors provided a detailed 
description of BAU and NOM across all the CSAs. The collected raw data facilitated the 
description of the: EFT, current FMP, protection status, forest certification, existing 
scientific trials, shares of managed and unmanaged, old-growth and primary forests, tree 
characteristics, dimensions, and position in space at stand level in each CSA. Regarding 
forest management, a diversity of practices was identified in each CSA. The differences 
are justified by legal restrictions or formal set-aside and economic reasons or forest 
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owners’ decisions. The current situation of forest management is summarised below for 
each case study: 

• CSA1: harvesting; 
• CSA2: main cuttings (subdivided into selective, occasional and clear-cuts), 

silvicultural (educational) cuttings, sanitary cuttings, and special cuttings; 
• CSA3: minimum intervention woodland, ancient semi-natural woodland, recent 

semi-natural woodland, Twentieth-century plantations established on open 
ground and coppice-managed Castanea sativa stands;  

• CSA4: thinnings, harvesting; 
• CSA5: thinnings, shelterwood cuts, harvesting; 
• CSA6: clear-cuts, sanitary cuts, coppice, shelterwood cuts, continuous cover or 

conservation cuts, salvage logging, thinnings; 
• CSA7: clear-cuts, thinnings; 
• CSA8: clear-cuts, thinnings, coppice. 

FMPs that consist of clear-cuts and thinnings are applied in most of the CSA, with two 
exceptions, CSA1 and CSA3. The most common forest type among CSAs is EFT5, the 
Mesophytic deciduous forest, which is found in all CSAs except Spain. Six of the eight CSAs 
have a BAU description for EFT5. Moreover, Beech-dominated forests (EFT6 and EFT7) are 
present in six CSAs, with BAU descriptions available for half of the case studies while 
Hemiboreal and nemoral forests (EFT2) are found in three CSAs, all of which have BAU 
descriptions. Two EFTs are specific to only one CSA: EFT1 (boreal forests) in CSA1 and EFT9 
(broadleaf evergreen forest) in CSA7 as compared to case studies such as CSA6 and CSA8, 
which have multiple BAU descriptions for a single EFT. Thus, BAU often varies by tree 
species within the same forest type, as seen in CSA4, where separate guidelines exist for 
Pinus sylvestris and Picea abies. 

Nevertheless, for the purpose of a comprehensive co-analysis of the forest practices 
current situation, Neumann et al. (2023) conducted literature reviews, analysis of 
geospatial and forest inventory data and informal interviews with forest managers on 
either BAU and NOM for the CSAs. 

4.2.1 Managed forests 

The management practices across the project highlight BAU strategies for managed 
forests (Figure 7), surprisingly through balancing timber production, regeneration, and 
sustainability. In this case, CSA1 emphasizes BAU harvesting principles, while CSA2 
incorporates selective, occasional, and clear-cuts, alongside silvicultural and sanitary cuts. 
CSA3 takes a multifunctional approach, including minimal intervention, semi-natural 
woodlands, coppice, and plantations. CSAs4 and CSA5 focus on thinning and harvesting 
under the shelterwood system, especially in CSA5, practices found also in CSA6. CSA7 and 
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CSA8 implement clear-cuts, thinnings, and coppice systems, aspiring towards a typical 
BAU.  

 
Figure 7 – Share of managed forests across all CSAs 

EFT1 (Boreal zone) and EFT2 (Hemiboreal & Nemoral coniferous & Mixed broadleaved 
coniferous forests) 

These two EFTs prevail in three case studies (CSA1, CSA2, CSA4), with EFT1 being mainly 
attributed to CSA1, even though in a small percentage. These types of forests in the 
northern region have wood production at its core with rotations ranging between 55 and 
75 years. National regulations and guidelines for CSA1 do not differ greatly between forest 
types, especially in broadleaved forests where specific guidelines for management are 
lacking either due to low production or because of low quality, or both. Nevertheless, 
management is mainly done for young and newly planted forests, where the purpose is 
to reach the targeted distance between trees, nursing during the first 5 to 10 years is by 
far the most important value-increasing measure. 

However, EFT2 covers 91% of CSA2 and almost 50% of CSA4, with the dominant tree 
species being Pinus sylvestris and Picea abies, the rotation age ranging between 90 to 
120 years or dbh exceeding 40-55 cm as in the case of Germany. 

Following a BAU approach, the Forest Law of Lithuania foresees two different types of 
management: forest cutting and reforestation. As pine is the dominant tree species in 
CSA2, for pure pine forests with an average tree height of 5 meters and an average 
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diameter of 8 cm, the thinning intensity would be 20% as compared with 30% in the case 
of mixed pine forests and/or hardwoods. Moreover, the thinning intensity will follow the 
guidelines which state that at the average tree height of 6 meters, the minimum number 
of trees per hectare left after thinning should be at least 3500 trees per hectare thus, the 
sequence is known to be one felling in young stand formation and 2−3 thinnings, 
depending on felling age. The rules for reforestation in CSA2 vary between species 
composition, pine forests should be managed to ensure a density of ≥ 5000 trees per 
hectare while for spruce and birch trees the density drops to around 3000 per ha-1. 

Conversely, the BAU in the case of CSA4 foresees a longer rotation for Scots pine with an 
initial stem number of 2500−3200 per hectare and thinnings focus on promoting target 
trees every 5 or 10 years. As the stand reaches ~50 years, the thinnings periodicity gets 
longer (every 10 to 15 years) and the number of target tree species at the end of the 
rotation being up to 250 per hectare. 

Norway spruce dominated stands stem number at the beginning of the rotation period 
is around 2,000−2,500 per hectare and are thinned every 5 years in the first 20 years then 
again at the age of 30 years and subsequently every 20 years, with the number of target 
trees being quite similar to Scots pine, of 150 to 250 trees per hectare. 

EFT3 (Alpine forests) 

Alpine forests across the project case studies can be found, even in small percentages, in 
either CSA1, CSA5 and CSA6. BAU description is more detailed in CSA5 and CSA6, but CSA1 
provides the most extended BAU knowledge regarding spruce plantations and their 
management (short rotation period or target diameter).  

To this matter, EFT3 covers almost 25% of CSA6 and consists of pure or mixed Norway 
spruce with various management types according to the management goal set. Thus, in 
the case of protection forests, the only silvicultural activities allowed are sanitary cuts (up 
to 5 m³/ha/year) and situational, salvage logging with artificial regeneration. However, in 
the case of production, forests are thinned between the ages of 25 and 80 year-old, the 
intensity of thinning varying between 15−20% of the basal area. When accessibility is 
exercised, thinning is carried out all year long, periodicity being every 5 to 10 years with 
4−6 interventions per stand. Nevertheless, the rotation age for final cutting is 110 years, 
half the age of CSA1 BAU for production and final cuts are usually clear-cuts of no more 
than 3 hectares, avoiding neighboring clear-cuts. 

EFT 5 (mesophytic deciduous broadleaved and coniferous-broadleaved forests) 

Mesophytic deciduous forests are related to medium-rich soils of the nemoral forest zone 
where forest composition is mostly mixed and made up of a relatively large number of 
broadleaved deciduous trees (Carpinus betulus, Quercus petraea, Quercus robur, 
Fraxinus, Ace sppr and Tilia cordata). Such forest type is the most common in OptFor-EU 
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project, even though its presence is rather low in CSA1 and CSA2 where forest 
management is relatively similar as in the case of other forest types BAU (EFT1 and EFT2) 
which were described before. Moreover, in the case of the CSA3, the BAU management 
also known as ‘recent semi-natural woodland’ consists of selected deciduous trees (e.g., 
oak) which are prioritised by removing competitors and leaving gaps for natural 
regeneration without deadwood removal. However, current management in the CSA3 
aims toward high broadleaved forests but also in coppice. Coppice can already be found 
in CSA8 where BAU highlights cuttings every 35−40 years with clear-cutting of standards 
on a maximum 20 hectares, splatted in 50% per rotation period.  

For CSA4 and CSA5, BAU follows quite the same management strategies (selecting target 
trees and shelterwood cuts), with two-phase treatments. First phase foresees thinning 
when tree heights reach 14−16 (17) m and are thinned 2 to 3 times per decade in CSA4 and 
once every 10−15 years in CSA5. As the number of stems at the start of the rotation period 
goes up to 3000 per hectare, the remaining trees (target trees) vary between 60−100 per 
ha-1 in CSA5 and 120−140 per hectare in CSA4. Harvesting age varies between 160−200 
years or when dbh exceeds 60 cm for Quercus petraea in management plans, however, if 
site and stand conditions permit, the harvesting age could be reduced.  

A similar rotation period and thinning regime is seen in CSA6 with a cycle between 110 
and 140 years focusing mainly on natural regeneration with thinning starting as early as 
25−30 years on a sequence of 5−10 years until 75−80 years. Even though the number of 
interventions might seem sequential, shade is a determinant factor depending on 
species, as more or fewer interventions could occur (3 to 4). Where the conservation role 
is present, regardless of EFT, only sanitary cuts are allowed. 

Beech and Mountain beech forest (EFT 6 and 7) 

Most relevant cases of EFT 6 are in CSA4 and CSA5 where European beech is managed 
according to the selection type of silvicultural regime. In both cases, the stems number 
at the beginning of the rotation period is up to 4000 trees per hectare, the management 
per se starts around 20−25 years with the selection of valuable trees and removing the 
undesired ones. For both EFT 6 and 7, thinning is generally conducted every 10 years in 
CSA4 or every 30−40 years in CSA5, the remaining trees varying between 100 and 150 trees 
per ha at the end of the rotation of either 140−160 years or dbh exceeding 50 cm.  

A similar BAU can be seen in CSA6 with small differences regarding EFT 7. To this extent, 
forest stands with protection or conservation roles allow only sanitary fellings and salvage 
logging while production-type forests require a sequence of activities. Usually, the 
thinning regime starts at 20−25 years as in the case of CSA4 and CSA5 however, the 
strategy foresees a combination of thinning from above and below, the frequency being 
between 8 and 10 years, the crown cover being reduced up to 75−80% until the stand 
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reaches 80%. After 80 years, only sanitary cuts are allowed while the final cuts go under 
the shelterwood system in two stages, between 110 and 140 years.  

The biggest difference in forest practices under EFT 7 is in CSA8 where the coppice 
system is the most common approach, the BAU for Fagus sylvatica consists of cuts every 
35−40 years on a maximum 10 ha while having 60 residual trees per hac at 50% of the age 
of two rotation period and 50% of one rotation period. Moreover, converting coppice to 
high forest is another BAU under EFT7 with its final cut every 80−100 years while having 
scheduled thinning every 20 years, promoting species like Abies alba taking out 10% of 
canopy cover at the same time. 

Thermophilous deciduous forest (EFT8 and EFT9) 

Highly relevant in CSA7, EFT 8 and EFT 9 are present in climatic Mediterranean forests 
and are dominated by Quercus ilex and suber, managed highly intensively. Conversely, in 
Dehesas, due to the intensive management of agroecosystems in the Iberian Peninsula, 
forests around there are used for soil protection, hunting and honey production.  

The BAU for Quercus ilex and Quercus suber in CSA7 consists of an initial number of trees 
between 200−625 trees per ha and a long rotation period with clear-cutting at age 150 
years. Thinnings are carried out every 40 years with an expected cleaning of 20% of the 
area, taking into account the target diameter of 15 cm at the beginning of the 
interventions. In the case of naturally regenerated stands, the area is closed to grazing for 
at least 20 years, to ensure sufficient tree density while in the case of artificial 
regeneration, the tree plantation density is commonly about 400 trees/ha. 

Nevertheless, under EFT 8 and EFT 9, practices in CSA8 are seen as coppice with standards 
systems with cuts every 35−40 years while clear cuts being allowed for a maximum of 20 
ha ((30 plant/ha 50% of the age of two rotation period, 50% of one rotation period).  

Even though EFT coverage in each CSA shows a scattered distribution among the other 
EFTs (10, 11, 12, 13, 14) with only Spain (CSA7), having more than 70% of area under EFT 10, 
the BAU is similar to all other EFTs in each CSA, thus besides EFT 2 and EFT 5, all EFTs are 
mainly locally important. 

4.2.2 Unmanaged forests 

Qualitative information from key stakeholders on the share of NOM in their CSA has 
shown that the results vary from ~3% to ~100%. Several CSAs are mostly productive and 
accessible forests with only small protected areas and other CSAs are to a large extent 
under protection (Figure 8). 
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Figure 8 – Share of unmanaged forests across all CSAs 

With the CSA3 being the least managed forest (100% protected, unmanaged), OptFor-EU 
case studies have a range of unmanaged forests with an average spanning of 12 to 25% of 
forested area, sometimes even lower as in the case of 3% in CSA4. Such situations are due 
to various reasons such as limited accessibility, protection aspects, economic reasons or 
owner decisions. 

Protected forests, such as nature preserves, areas rich in biodiversity, of extra importance 
for wild reindeer, tourism or voluntarily preserved make up 5,8% of the CSA1, to which can 
be added areas far away from forest/logging roads, inaccessible for heavy machinery and 
geologically challenging areas with increased risks for disturbance occurrence. Relatively 
similar to all Baltic and ex-Sovietic countries, the Forest Law in CSA2 divides forests into 
four groups, in which 18.51% of the total forested area in the case study falls under Group 
I−Forest reserves, a category that prohibits fellings entirely. Even though other Groups 
suggest special-purpose forests or protective forests, forestry activities do occur in these 
cases thus, can’t be considered unmanaged forests. FMP in CSA6 are not so distinctive 
from CSA2, mainly due to past heritage from the political background (ex-Soviet country). 
Therefore, under Group I, functional type 1, any kind of exploitation of wood or other 
products is prohibited. For the CSA6, over 5200 hectares (~25% of the case study total area) 
have restrictions on use, a typical case of no intervention, especially in national parks or 
primary forest stands (old growth). This situation is similar to CSA5, where about one-
quarter of the forests are unmanaged (25%), forests located inside Vienna Woods 
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Biosphere Reserve. Adding to the 25% cluster of NOM, CSA8 has around 24% of the forests 
unmanaged, however, as in the case of CSA1, they are divided into categories such as 
abandoned forests for which BAU FMP are not convenient due to the high cost of forest 
harvesting. Forest left to natural evolution where management plans only involve 
monitoring the forest's development and small silvicultural interventions aimed at 
guiding the stands towards more complex systems and last but not least, old growth 
forests. Not far from CSA1 characteristics, CSA4 contributes to the National Biodiversity 
Strategy (NWE10) with 33,320 ha (~2.7% of forest area) which is assigned to no 
management or rather no human intervention. 

Additionally to the information collected for the deliverable D2.1 Forest management 
practices and their relevance in case study areas of the OptFor-EU project (Neumann et 
al., 2023), other forest management data were collected through the Structural data sheet 
(see Annex 2) as part of the qualitative interviews developed under task T5.3 (WP5). This 
document aimed to better understand experts’ views on the characteristics of the forests 
they manage, and their approaches to forest governance, harvesting, and conservation 
challenges. A total of 48 responses were received from experts from each CSA that 
provided valuable insights into current practices and challenges they faced. The database 
of the Structural data sheet outputs is given in Annex 3. 

Across all CSA, CSA6 contributed the largest share (27.1%), followed by CSA8 (14.6%) and 
CSA7 (14.6%) (Table 1, Annex 3). In terms of formal training, the largest group (54.2%) held 
advanced forestry qualifications (often university-level) forestry studies or forest 
management degrees. A further 14.6% cited purely practical experience, and some held 
specialized certifications (e.g., skilled forestry worker, master forester) (Table 2, Annex 3). 
Half of the respondents (24) have worked in forestry for more than 20 years. Another 25% 
have 11–20 years of experience, highlighting a cohort with substantial tenure in the field. 
About 31.7% have overseen their current forest for 11–20 years, whereas 17.1% have been in 
charge for up to 5 years, indicating both well-established and relatively newer managerial 
tenures (Table 3, Annex 3). 

Communal or state ownership accounts for 50% of cases (24), private forests for 37.5% (18), 
and federal ownership for 8.7% (Table 4, Annex 3). Such a distribution underscores the 
variety of governance frameworks under which these experts operate. Over half (58.3%) 
reported managing properties larger than 1,000 hectares, with a smaller proportion 
responsible for medium-sized or small forest holdings (Table 5, Annex 3). The vast majority 
of experts responding to the survey have been responsible for managing the forest for 
more than 10 years (24 out of 41 / 59%) (Table 6, Annex 3). Hardwood forests and mixed 
stands each represent about one-third of the total (33.3% each), while 25% of forests are 
predominantly softwood (Table 7, Annex 3). The dominant tree species in the softwood 
forests are spruce, pine, and fir (cumulating 66 mentions out of 79 species mentioned in 
total), while in the hardwood forests are oak, beech, birch, hornbeam, and ash 
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(cumulating 84 mentions out of 122 species mentioned in total). Using 100% of each forest 
area as a reference, respondents (N=39) indicated that the proportion of their forest per 
age class is, on average, 16.8% under 20 years old, 33.4% between 21 and 60 years, 28.7% 
between 61 and 100 years, 14% between 100 and 140 years, and 7.2% older than 140 years 
(Table 8, Annex 3). 

Commercial forest areas averaged approximately 6,318 ha per respondent (N=33), while 
protection forests averaged around 1,327 ha (N=28). Non-timber land uses covered a mean 
area of nearly 200 ha (N=22) (Table 9, Annex 3). Most respondents (58.3%) utilize chainsaws 
for manual harvesting. Another 35.4% rely on mechanized harvesters, reflecting a 
significant move toward technologically advanced methods. A smaller subset (16.7%) 
reported other harvesting approaches (Table 10, Annex 3). 

The estimations regarding the percentage of deadwood removed from forests on an 
annual basis, 28 respondents (58.3% of the full sample; 80% of valid responses) indicated 
they remove no deadwood from their forest each year, and 7 respondents provided non-
zero percentages, indicating some degree of annual deadwood extraction, while 13 
respondents (27.1%) did not provide any estimate (Table 11, Annex 3). 

Over two-thirds (68.9%) of the respondents’ forests include hiking trails, while 50% 
incorporate mountain bike routes. These results suggest an emphasis on multi-functional 
use of the forest, combining resource extraction with public recreation and tourism (Table 
12, Annex 3). 

4.3. Forest ecosystem services and socio-
economic indicators 

The SE indicators resulting from the top-down approach (Annex 4) are based on a review 
of existing literature and policy frameworks. These indicators are selected based on its 
relevance towards the SE aspects in a way that provides certain confidence on the policy 
goals expressed in SFM plans but also broader targeted objectives collected from the 
EGD. This selection addressed the critical aspects and themes derived from D7.3 (Cheval 
et al., 2024). but also, from relevant frameworks (e.g., economic performance, user-
oriented forest goods and services), integrating the multi-dimensional role of forestry 
through the essential targets of inter-sectoral coordination and investments. Each 
indicator that was taken into account was based on its relevance towards quantifiable 
impacts and supporting future decision-making.  

The indicators framework has been categorized into 3 main policy goals (Strengthening 
the Economic Performance of Forestry, Satisfying User Needs on Forest Goods and 
Services, and Facilitating Inter-sectoral Coordination), 4 Criteria (Cost efficiency and 
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employment; Profits from forests and investments; Orientation towards new forest 
goods and services; Cross-sectoral cooperation) and 35 Indicators. Such classification 
provides an overview towards the most relevant economic, environmental and social 
dimensions of forestry. Therefore, Cost efficiency and employment encompasses 9 
indicators focusing on energy use from woody biomass, employment in forestry-related 
sectors, technical productivity, accessibility of forests, and occupational safety and health. 
Highly important for sustainability, the criteria Profits and Investments from Forests, 
includes 5 indicators, which assess revenue from forest goods, financial inflows for public 
goods, and investments in biological and innovative forest products. As users provide 
direction of any policy-driven management, Orientation towards new forest goods and 
services, looks into aspects like carbon credits, cultural and spiritual forest values, forest 
ownership, non-wood goods, and recreational opportunities. Last but not least, highly 
overlooked, Cross-sectoral cooperation, foresees the existence of partnerships, 
cooperation with various sectors, community-based forest initiatives, and education 
programs. Collectively, all 35 selected indicators could act as a highly valuable tool for 
stakeholders seeking to achieve sustainability with SE development (Annex 4). 

The qualitative interviews developed under task T5.3 of the WP5 were focused on the 
stakeholders' perceptions, perspectives, and personal experiences related to FES, FMP, 
and climate change topics. The interview comprises eight questions that address both 
present and future periods and tackle the following issues: climate change and its impact, 
forest management, and FES. This activity was conducted between April−June 2024 and 
a total of 56 interviews were performed across all CSAs (Figure 9).  

 
Figure 9 – Number of performed interviews across CSAs 

The interviews were transcribed and translated in English using different artificial 
intelligence (AI) tools (e.g., ChatGPT) and were double-checked using audio recordings 
and notes. To ensure the reliability and accuracy of our qualitative data, all AI-generated 
transcripts were manually verified by comparing them with the original audio recordings. 
Any discrepancies or misinterpretations identified during this review were corrected by 
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the research team. Additionally, the coding process was iteratively cross-checked by 
multiple analysts, who reconciled any differences to ensure consistency in the 
categorisation of themes. This rigorous human oversight reinforces the overall data 
quality and enhances confidence in the subsequent analysis. Furthermore, the process 
for the identification of relevant SE indicators followed three iterations in which the 
accuracy of opinions was sought. 

Thus, the 1st iteration was conducted with the use of an AI tool where 79 indicators were 
generated, and grouped into 16 specific criteria (Annex 5). For each indicator and each 
CSA, 40 summary texts, in the form of quotes, were extracted from the conducted 
interviews to highlight the respondents' perceptions regarding the analysed criteria and 
the fulfilment of indicators. The results in this first step of data processing have provided 
an overview towards the main aspects of the interview, related not only to the impact of 
climate change on forestry but also to the impact of climate change on the SE aspects. 

The 2nd iteration took into account the resulting matrix of the 1st iteration and through 
the use of MaxQDA quantitative and qualitative data processing, each indicator was 
coded with relevant words or group of words expressing the respective indicator 
fulfilment (e.g., commitment to education and training: education, training, classes, study, 
etc.) (Figure 10). After the 2nd iteration, the coded segments for all interviews exceeded 
15,000 entries thus requiring a 3rd iteration in which biases need to be excluded (e.g., 
questions were coded as well). 

 
Figure 10 – The 2nd iteration (MaxQDA screenshot) 

The 3rd iteration focused on segment coding specifically addressing the SE aspects of 
the interviews. To this matter, a series of data processing actions took place where coding 
was complemented with deductive reasoning, and complementary manually coding. The 
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SE indicators resulted from the 1st iteration (Effectiveness of institutions; Socio-economic 
conditions; Public policies (policy instruments) affecting forest management; Factors 
hindering the formulation of policy; Public discourse influencing forest management) 
were reclassified using appropriate coding based on key-words search, each key-words 
being suitable for the SE indicators established through the top-down approach 
literature review and existing framework (Table 4). Moreover, new relevant indicators 
were added which did not come up in the 1st iteration, the addition being in close relation 
to the top-down SE indicators collection.  

Table 4 – Key-words search for segments coding 

Themes and Criteria Goal-oriented target Key-words Top-down indicator 

Socio-
economic 
spectrum 

Economic 
performance 

Investments Investment; 
economy; carbon 
credits 

Financial inflow for public/merit 
good demand; Revenue from new 
forest goods; “Biological” 
investments; Investments into new 
forest goods; “Biological” 
investments; Carbon credits sold 

Policy instruments certification, payment 
scheme, regulatory, 
policy instrument 

Policy incentives; Carbon credits 
sold; Forest area under an 
independently verified forest 
management certification system; 
Accessibility of forests 

Cost efficiency (Economic 
burden) 

Cost, spending, 
money, financial, 
bank, price, budget 

Revenue from forests; Revenue 
from new forest goods;  

Economic uncertainties 
and revenue 

- - 

Financial compensation 
(incl. insurance) 

Insurance, subsidies, 
incentives, 
compensation, 
funding, grant 

Policy incentives;  

Wood energy 
and 
employment 

Material and energetic 
use of forest biomass/ 
Fuelwood 

Fuelwood; firewood; 
burning wood; wood 
for burning; 
household; energy 

Share of woody biomass to total 
primary energy 
Supply (tons or cubic) 
Share of wood energy users.  
Woody energy use 
Share of forest land to wind/solar 
energy installation  
 

Technological progress Innovation; 
technology 

“Biological” investments 

Non-wood forest 
products 

Mushroom; berries; 
non-wood; cultural. 

Revenue from new forest goods; 
Investments into new forest goods 

Employment conditions 
(workforce) 

Local community, 
communities, 
traditional, worker, 
injuries, employment, 
labour, salaries, paid 

Total number of people employed 
in forestry and logging, 
manufacture of wood and products 
of wood, and pulp and paper 
industries 
Technical productivity of work  
Accessibility of forests  
Share of forest sector workforce in 
total national employment  
Occupational safety  
Occupational health 

 Forest 
holding 

Forest ownership Private, state, private 
forest, state forest, 

Share of forest ownership 
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Themes and Criteria Goal-oriented target Key-words Top-down indicator 

ownership, forest 
owner 

Public goods and services Recreation, protect 
forests, green areas, 
green spaces 

Protected forests, per capita; 
Forests accessible for recreation, 
Recreation; Share of urban 
population with proximity to public 
green areas green space 

Forest area Forest area, 
production forest 

Forest area, per capita; Production 
forests, per capita; 

Cross-sectoral 
cooperation 

Cooperation and 
communication 

engagement, 
cooperation, 
knowledge creation, 
communication, 
learning, knowledge 
exchange, 
participation, 
partnership, relation. 

External partners  
(Shared role); Cultural and spiritual 
values (cultural experience, nature 
connectedness, etc); Trustful 
cooperation with wood-based 
actors; 
Trustful cooperation with actors 
from many different sectors; 
Partnerships 

Commitment to 
education and training 

Education, training, 
school 

Community engagement 
Community education 
 

Avoidance strategies Wishful thinking Optimism; for the 
better; 

- 

Denial Disagree; not possible - 
Fatalism Impossible; negative; 

downfall; disappear 
- 

Policy and governance 
environment 

Effectiveness of 
institutions 

 - 

Systemic barriers in policy 
implementation 

Hindering; policy 
incoherence; 
bureaucracy; 
prescriptive; 
descriptive; 

- 

Public discourse influence 
on forest management 

Public discourse; 
media; television;  

- 

Laws and binding 
regulations 

Law; normative; 
regulations 

- 

After the 3rd iteration, a number of 3,863 coded segments were assigned throughout the 
interviews and expressed in a heat map (Annex 6) according to their frequency of 
occurrence in interviews. The number of interviews conducted varies across CSAs. Most 
of the interviews were conducted in Romania (14), whereas in other CSA, the average 
number of interviews was 5. This can be considered a limitation; however, it constitutes a 
basis for further research. The length of the interviews varies between 30 to 120 minutes, 
but the length does not affect the results since it's a matter of personal behaviour (some 
people talk fast, others slow, etc.). 

4.3.1 EFMI survey 

Under the T1.2 task of WP1, two surveys were developed to contribute to the selection of 
the most appropriate EFMI indicators to be fed into the OptFor-EU DSS. The first survey 
was internal and was addressed to the experts within OptFor-EU consortium with the aim 
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of refining the initial list of indicators and selecting the most appropriate EFMI indicators. 
The survey was applied between April-May 2024 and a total of 22 responses were received.  

The second survey was external and was addressed to case studies stakeholders and key 
experts from various institutions. The EFMI survey was developed and tested between the 
21st of July 2024 and the 11th of August 2024 and was active between the 12th of August 
2024 and the 3rd of October 2024. The survey was provided in English, and a total of 65 
responses have been validated and included in the analysis, after eliminating incomplete 
tests of demo answers. 

Seven key parameters were considered within this survey: forest area and primary 
production, carbon storage, forest health, climate change adaptability, biodiversity, 
stewardship, and regional climate regulation for which stakeholders were asked to 
classify between 3 and 8 indicators in order of their importance for the related parameter. 
The survey outputs will be detailed in the deliverable related to this activity (D1.2. Report 
on a novel set of EFMI, including factsheets for each indicator containing the open-
access code to calculate EFMI) which is expected in February 2024.  

4.3.2 Forest ecosystem services 

The coded segments in the case of FES have been diverse with a total of 1054 entries 
(Figure 11) across the all interviews.  

 

Figure 11 – FES frequency of choice in each CSAs 

Among them, the Regulating & maintenance services have the most coded segments 
(403) while the Cultural services have been the least tackled (283). Regardless, from the 
total coded segments, all 3 services have quite a close number of coded segments 
between each other. Regarding ecosystem services across CSAs (Table 5), CSA2, CSA3, 
CSA6 and CSA7 considered ecosystem services the most in their discussions and among 
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all, CSA2 had accounted as having the most coded segments (73) regarding Cultural 
services. 

Table 5 – Ecosystem services of choice as by stakeholders 

Ecosystem services CSA1 CSA2 CSA3 CSA4 CSA5 CSA6 CSA7 CSA8 Total 

Provisioning services 49 66 53 14 31 61 62 32 368 

Cultural services 51 73 20 9 36 37 39 18 283 
Regulating & maintenance 
services 38 38 110 17 25 75 61 39 403 

SUM 138 177 183 40 92 173 162 89 1054 
N = Number of interviews 5 6 6 5 6 14 7 7 56 
*Colour code: light to darkest shades shows the increase of occurrence of coding segments frequency 

Moreover, the OptFor-EU CSAs across Europe highlights the diversity of ecosystem 
services in stakeholders’ discourses where Regulating and maintaining services over-
turned provision in importance while Cultural services are slightly on an uptrend. 
However, the coded segments intersect (Figure 12) between each other at equal terms (51 
and 49), even though the number of coded segments differ, especially in the case of 
Cultural services. 

 
Figure 12 – FES frequency of choice across all CSAs 

However, the coded segments associated with perceived climate change impact on 
either FMP, climate or resources have various patterns in relation to the coded segments. 
Which highlights FES. Thus, the segments coded as Regulating & maintaining services 
where commonly building an intersection pattern with carbon storage and natural 
resources across stakeholder discourse (Figure 13), while the Provisioning and Cultural 
services pattern was highlighted in close relation to recreational use or rather natural 
resources provision. 
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Figure 13 – FES and management impact correlation patterns 
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The most important SE aspects collected from each CSA through qualitative interviews 
are given in Table 6. Overall, there is a consensus on the economic vulnerability of forest 
managers and other forest stakeholders mainly due to the complexity of compliance 
(CSA1, CSA2), rising costs (CSA1, CSA4, CSA5), or low profitability (CSA2, CSA6, CSA7). 
Timber market instability and lack of financial tools seems to impede the orientation 
towards long-term sustainability and resilience (CSA8). Compensation or insurance 
mechanisms are insufficient to support forest owners to reduce financial losses under 
climate change (CSA3). Opinions highlight that forests should not only supply timber but 
also should provide recreational and cultural benefits. Sustained provision of ecosystem 
services provided by forests can be favoured not only through market diversification and 
economic adaptation but also through engagement and education of the local 
community. 

Table 6 – Spectrum of opinions expressed by stakeholders across all CSA 

SE indicators Statement of relevance (by stakeholders’ opinions) 

Timber markets 
and production 

Irregular wood supply, changing growth rates, and pest-damaged timber. 

Adjust expectations and management to cope with reduced timber quality. 

Adjust harvesting plans and rotation periods to reflect reduced growth rates and timber quality from 
drought-stressed stands. 

Invest in tree species that ensure long-term production viability. 

Select suitable species and adjust harvesting cycles to maintain consistent timber and enhanced 
resilience. 

Anticipate reduced timber yields or altered wood quality, and diversify income sources (e.g., non-
timber forest products, nature-based tourism).  

Consider shorter or more flexible rotation times. 

Financial tools, 
insurance 

Insurance mechanism, subsidies, or incentives to buffer financial losses associated with climate 
extremes. 

Compensation mechanisms to help forest owners transition to adaptive management and maintain 
resilience under new standards. 

Secure funding or grants to support wetland restoration, species diversification, and infrastructure 
adapted to climate change. 

Management 
Costs 

More resources for repairing roads, culverts, and other infrastructure after extreme events. 

Preventive measures (e.g., erosion control structures, pest management). 

Adjusting rotations and relying on natural regeneration to reduce operational costs. 

Operational 
Planning 

Re-schedule forestry operations. 

Train the workforce in new management techniques. 

Invest in infrastructure and technology to manage forest operations in less predictable conditions. 

Shorter frost periods influence winter logging, increase costs and generate operational difficulties. 

Risk and 
uncertainty 
management 

Implement risk assessments and adaptive planning. 

Encourage policy frameworks that offer incentives or subsidies for climate-adaptive measures. 

Contingency plans to mitigate economic losses from storm damage, pests, and drought-induced 
diebacks. 

Diversify rural economies if traditional forest-based revenues decline. 
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SE indicators Statement of relevance (by stakeholders’ opinions) 

Community 
livelihoods, and 
cultural impacts 

Balance timber extraction with the long-term availability of non-timber forest products that 
communities rely on for subsistence and supplementary income. 

Promote local processing industries (wood, biomass, artisan goods). 

Manage wildlife populations (e.g., deer, boar) that may increase due to milder conditions. 

Balance conservation with hunting interests and reducing human-wildlife conflicts. 

Market 
diversification 
and economic 
adaptation 

Shift toward tree species and products better suited to new climate realities. 

Anticipate fluctuating timber supply and adapt marketing strategies accordingly. 

Diversify forest products and explore new markets for hardwoods or non-timber forest products. 

Develop business models that account for climate uncertainty. 

Diversification of income streams (timber, ecotourism, carbon credits, etc.). 

Develop flexible strategies to supply various wood markets. 

Foster partnerships with eco-conscious businesses, certification bodies, and green construction 
industries. 

Mixed-species stands can buffer against economic losses if one species fails. 

Alternative wood species and for timber with varying quality. 

Promote value-added products to offset the economic impacts of lower-quality wood. 

  Engage local communities in participatory management to ensure resilience, share knowledge, and 
invest in long-term sustainability. 

Engage local communities in adaptive management plans, to ensure the continued provision of 
recreational, cultural, and livelihood benefits of forests. 

Involve local communities, landowners, and industry in decision-making. 

Training and guidance on adaptive management techniques and skill development to adopt 
climate-focused practices effectively. 

Emphasizing the importance of resilience and long-term sustainability. 

Invest in research programs to improve collective adaptation strategies and economic stability. 

Support education, training, and capacity-building to enable the stakeholders’ adaptation to 
changing conditions. 

Workshops, and online courses on climate-adaptive practices, soil and water conservation 
techniques, and pest management. 

Encourage continuous learning, integrating the latest research into practical forest management 
guidelines. 

Rural 
Development 
and cultural 
identity 

Integrate forest management into rural development plans. 

Encourage cultural activities, festivals, and crafts linked to forest products and landscapes. 

Reinforce the cultural identity and heritage tied to forests. 

Policy and 
Incentives 

Introduce policies, subsidies, or certification schemes that reward climate-smart forestry, 
establishment of resilient forest stands, and sustainable wildlife management. 

 

  



                      
  
 

 

 

 

46 

                                         D3.2 Database including forest types, forest ecosystem services, socio-
economic indicators and forest management practices in each case study area 

 

4.3.3 Socio-economic spectrum 

Regarding the economic performance aspects (Table 7), the code frequencies across 
CSAs highlight differences in approaches, especially regarding economic uncertainty and 
revenue coupled with cost efficiency. Such themes show higher frequencies overall, 
being a topic raised on many occasions. While CSA1, CSA4 and CSA5 focus their 
discussions on ‘Economic uncertainties’ and ‘Policy instruments’, CSA7 and CSA8 show 
less importance on themes like ‘Economic uncertainties’ but are keen on extended 
discussions on ‘Cost efficiency’ and ‘Policy instruments’. While the discussions on CSA8 
reported the lowest frequencies on such themes, CSA6 focused on ‘Cost efficiency’ (103 
segments) and ‘Policy instruments’ (96 segments), raising questions regarding the 
efficiency of policy and financial efforts. The imbalance in code frequencies regarding the 
SE aspects of forestry shows that financial compensation and insurance have a limited 
role in forestry and lack attention whereas ‘Economic uncertainties and revenue’ 
dominates the spectrum of discussions across all CSAs highlighting a critical concern. 

Table 7 – The economic spectrum as by stakeholders’ opinions across all CSA 

Coded segments CSA1 CSA2 CSA3 CSA4 CSA5 CSA6 CSA 7 CSA8 Total 

Investments 13 3 8 2 0 21 25 2 74 
Policy instruments 22 2 18 19 28 96 49 21 255 
Cost efficiency 39 24 30 13 13 103 57 10 289 
Economic uncertainties and revenue 112 64 71 33 51 75 74 29 509 
Financial compensation (incl. 
insurance) 

12 6 21 9 5 35 20 3 111 

SUM 198 99 148 76 97 330 225 65 1238 
N = Number of interviews 5 6 6 5 6 14 7 7 56 
*Colour code: light to darkest shades shows the increase of occurrence of coding segments frequency  

For Wood energy and SE spectrum, the code frequencies across CSAs show differences 
in approaches. However, the heat map (Table 8) highlights the importance of SE 
conditions and employment (273 coded segments) as well as technological progress (244 
coded segments) among CSA. Even though wood for energy is not mentioned as often 
as the others, it's clear that it raises concerns, especially when discussing future wood 
material use. 

Table 8 – Wood energy and SE spectrum 

Coded segments CSA1 CSA2 CSA3 CSA4 CSA5 CSA6 CSA 7 CSA8 Total 
Material and energetic use of forest 
biomass/Fuelwood 6 16 6 4 5 33 15 16 101 

Technological progress  47 24 33 16 27 56 19 22 244 
Non-wood forest products 10 25 3 3 5 28 5 3 82 
Employment condition and workforce 37 6 15 15 29 65 69 37 273 
SUM 100 71 57 38 66 182 108 78 700 
N = Number of interviews 5 6 6 5 6 14 7 7 56 
*Colour code: light to darkest shades shows the increase of occurrence of coding segments frequency 
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However, cross-sectoral cooperation was among the least discussed themes in the 
interviews (Table 9). In total, 324 segments were coded and were mostly carried out in the 
CSA6, CSA1 and CSA7. The low frequency of codes in these types of targets does not show 
the inexistence of communication but rather the need for more dissemination and 
knowledge exchange among sectors. 

Table 9 – Cross-sectoral cooperation 

Coded segments CSA1 CSA2 CSA3 CSA4 CSA5 CSA6 CSA 7 CSA8 Total 

Cooperation and communication 23 6 12 3 10 99 34 12 199 
Commitment to education and 
training 

12 12 19 6 14 46 8 8 125 

SUM 35 18 31 9 24 145 42 20 324 

N = Number of interviews 5 6 6 5 6 14 7 7 56 
*Colour code: light to darkest shades shows the increase of occurrence of coding segments frequency 

Forest ownership frequency (Table 10) spikes in CSA1 whereas in most cases, is almost not 
mentioned however, public goods and services such as recreation, protection and social 
value of forests is highly considered among CSA5-CSA7, highlighting the need for support 
in the case of private ownership and their subsequent loss due to protection. 

Table 10 – Forest holding 

Coded segments CSA1 CSA2 CSA3 CSA4 CSA5 CSA6 CSA 7 CSA8 Total 

Socio-economic spectrum 0 0 0 0 0 0 0 0 0 

Forest holding 0 0 0 0 0 0 0 0 0 

Forest ownership 49 8 4 15 8 24 3 1 112 

Public goods and services 2 21 7 6 22 19 21 7 105 

Forest area 4 8 0 3 4 17 3 7 46 

SUM 55 37 11 24 34 60 27 15 263 

N = Number of interviews 5 6 6 5 6 14 7 7 56 
*Colour code: light to darkest shades shows the increase of occurrence of coding segments frequency 

Concerning avoidance strategies (Table 11), themes like the implication of current policies 
and whether future decision-making might shift the downfall trend have received mostly 
negative behavioural responses, most discussions among CSA leading towards it being 
‘our last chance’ or in a few cases ‘opportunities’. Such opportunity cases refer to the 
transition of valuable species towards once-inhabited lands thus, increasing the SE value 
of forestry. Nevertheless, more than 50% of coded segments were focused on fatalism 
while around 30% focused on wishful thinking. These results can suggest that a trauma-
informed approach to extreme events should be considered in the future (Hartwell et al., 
2023). 
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Table 11 – Avoidance strategies 

Coded segments CSA1 CSA2 CSA3 CSA4 CSA5 CSA6 CSA 7 CSA8 Total 

Wishful thinking 29 18 43 23 33 60 47 23 276 

Denial 4 0 3 1 0 6 6 8 28 

Fatalism 41 65 34 124 61 17 47 15 404 

SUM 74 83 80 148 94 83 100 46 708 

N = Number of interviews 5 6 6 5 6 14 7 7 56 
*Colour code: light to darkest shades shows the increase of occurrence of coding segments frequency 

Making up 60% of the total coded segments, Southern and Eastern European countries 
show similar themes of discussions regarding policy and governance (Table 12), especially 
factors hindering the policy implementation and also the effectiveness of institutions in 
applying the laws and binding regulations. Less regulated countries have shown low 
importance regarding policy and governance, mostly due to their policy-driven approach 
and already established transition towards a market-based economy. 

Table 12 – Policy and Governance 

Coded segments CSA1 CSA2 CSA3 CSA4 CSA5 CSA6 CSA 7 CSA8 Total 

Effectiveness of institutions 26 0 13 17 2 53 29 19 159 
Systemic barriers in policies 
implementation 

17 20 55 12 18 119 59 34 334 

Public discourse influence on forests 
management 

25 7 30 14 17 64 34 16 207 

Laws and binding regulations 30 18 10 5 11 76 18 25 193 

SUM 98 45 108 48 48 312 140 94 893 

N = Number of interviews 5 6 6 5 6 14 7 7 56 
*Colour code: light to darkest shades shows the increase of occurrence of coding segments frequency 

4.3.4 Validation 

The interview outputs were also analysed to explore SE aspects from stakeholders’ 
perspectives. The indicators matrix (Annex 5) was developed to gather information on SE 
context in each CSAs, including economic impacts on the forestry industry, employment 
and labour dynamics, impacts on rural communities and livelihoods, economic 
opportunities, cost of inaction, strategic planning, and global economic connections. 
Overall, the SE aspects are influenced by climate change, which induces heat stress, 
compromises wood quality, and decreases market value. Also, investments in new 
equipment are necessary and higher spending and additional resources are required. 

The validation of top-down indicators based on the empirical evidence was carried out in 
the 3 steps methodology combined with deductive reasoning and critical thinking. Thus, 
for the main goal of strengthening economic performance (Table 13), top-down indicators 
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(Forest economy, Wood energy and Workforce) were correlated with the bottom-up 
resulting indicators (Investments, Cost efficiency, Economic uncertainties, Financial 
compensation including insurance, Policy instruments, Fuelwood, Non-wood forest 
products and Employment conditions). The results have shown that the highest 
frequency of codes is directly correlated with the main themes discussed and expressed 
by the interviewees. To this matter, validated indicators which could strengthen the 
economic performance of forestry are as follows: 

a) Strong validation: Revenue of forests; Policy incentives; Biological investments; 
Accessibility of forests; Share of forest sector workforce in total national 
employment. 

b) Moderate validation: Financial inflow for public demand; Revenue from new forest 
goods; Investments into new forest goods; Carbon credits sold; Share of woody 
biomass to total primary energy supply (tons or cubic); Share of wood energy users; 
Total number of people employed in forestry; Share of forest land to wind/solar 
energy installation; Technical productivity of work; Occupational safety. 

c) Weak validation: Occupational health. 

Table 13 – Strengthening economic performance 
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Bottom-up 

Indicators Investments 
Cost 

efficiency 
Economic 

uncertainties 

Financial 
compensation 

(incl. 
insurance) 

Policy 
instruments 

Fuelwood 
Technological 

progress 

Non-
wood 
forest 

products 

Employment 
conditions 
(workforce) 

TOTAL 

Revenue from 
forests 

2 3 3 2 3 3 3 3 3 2.8 

Financial 
inflow for 
public good 
demand 

3 3 2 3 3 1 1 2 0 2.0 

Revenue from 
new forest 
goods 

3 3 2 3 3 0 0 3 2 2.1 

Policy 
incentives 

3 3 3 3 3 2 3 1 3 2.7 

“Biological” 
investments 

3 3 1 2 3 2 3 3 3 2.6 

Investments 
into new 
forest goods 

3 3 1 3 3 0 0 3 3 2.1 

Carbon credits 
sold 1 2 2 3 3 2 3 2 0 2.0 

Share of 
woody 
biomass to 
total primary 
energy 
Supply (tons 
or cubic) 

1 2 2 1 2 3 3 0 3 1.9 

Share of wood 
energy users 2 2 3 2 2 3 2 2 2 2.2 

Woody energy 
use 1 2 2 2 2 2 2 1 3 1.9 
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Share of forest 
land to wind 
/solar energy 
installation 

3 3 3 3 3 3 2 0 0 2.2 

Total number 
of people 
employed in 
forestry* 

0 3 3 0 3 0 0 3 3 1.7 

Technical 
productivity of 
work  

3 3 3 3 1 0 3 3 3 2.4 

Accessibility of 
forests  

3 3 2 2 3 2 3 3 3 2.7 

Share of forest 
sector 
workforce in 
total national 
employment  

3 3 3 1 3 1 3 3 3 2.6 

Occupational 
safety  

1 1 3 1 3 1 1 2 3 1.8 

Occupational 
health 

1 1 1 1 1 1 1 1 3 1.2 

Note: * 2.5-3(strong validation), 1.5-2 (moderate validation), 0.5-1 (weak validation), 0-0.4 (zero). Through deduction, if validation is 
moderate, the indicator is validated. If the validation is l weak, the indicator is occasionally validated. If 0= no validation OR 3+3+3+1=2.5= 
strong validation = indicator is validated. 
Colour code: Indicators manifestation:  3-2.5 (strong validation - dark green), 2.4-1.5 (moderate validation - green), 1.4-0.1 (weak validation 
- light green), 0 (no validation - blank). 

In the case of the goal ‘Cross and -inter-sectoral coordination’, the stakeholders discourse 
focused on cooperation with almost entirely wood-based actors. However, they share the 
representative role with others regarding forestry. Besides that, most of the engagement 
with other sectors is merely present, not going beyond the scope but keeping the status 
quo (‘[...] if a fire occurs, we cooperate; … planting with students, etc.[...]’), not having a 
serious dissemination and engagement plan. Therefore, by combining the frequency of 
segments that were coded and the critical thinking and deductive reasoning (Table 14), 
validated indicators are as follows: 

a) Strong validation: External partners; Cultural and spiritual values; Trustful 
cooperation with wood-based actors 

b) Moderate validation: Trustful cooperation with actors from many different sectors; 
Partnerships; Community engagement; Community education 

However, there were no weak or not validated indicators among the cross-inter-sectoral 
coordination which highlights the high importance of cooperation and the increased 
interest in expanding knowledge sharing and being keen on experienced engagement. 
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Table 14 – Cross-sectoral cooperation 
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Bottom-up 

Indicators Cooperation and 
communication 

Commitment to 
education and training 

TOTAL 

External partners  
(Shared role)  

3 2 2.5 

Cultural and spiritual values 2 3 2.5 

Trustful cooperation with wood-
based actors 

3 2 2.5 

Trustful cooperation with actors 
from many different sectors 

1 2 1.5 

Partnerships 2 2 2.0 
Community engagement 1 2 1.5 
Community education 2 1 1.5 

Through deduction, if validation is moderate, the indicator is validated. If the validation is l weak, the indicator is occasionally validated. If 
0= no validation OR 3+3+3+1=2.5= strong validation = indicator is validated. 
Colour code: Indicators manifestation:  3-2.5 (strong validation - dark green), 2.4-1.5 (moderate validation - green), 1.4-0.1 (weak validation 
- light green), 0 (no validation - blank). 

Forest holding as a criterion has always been in the spectrum of SFM fulfilment (Forest 
Europe 6.1), even though it often lacks attention. As the results show, it is highly correlated 
to the users’ needs regarding FES, most importantly, recreation. In this case, validated 
indicators (Table 15) were as follows: 

a) Moderate validation: Recreation; Forest accessible for recreation; Protected 
forests, per capita; Share of forest ownership. 

b) Weak validation: Forest area, per capita; Production forests, per capita; Share of 
urban population with proximity to public green areas/green spaces. 

Table 15 – Forest holding 
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Bottom-up 

Indicators 
Forest 

ownership 
Public goods 
and services 

Forest area TOTAL 

Share of forest ownership 2 1 2 1.7 

Protected forests, per capita 2 2 2 2.0 

Forests accessible for recreation 2 2 2 2.0 

Recreation 2 3 2 2.3 

Share of urban population with 
proximity to public green 
areas/green spaces 

0 1 0 0.3 

Forest area, per capita 1 1 1 1.0 

Production forests, per capita 1 1 1 1.0 

Through deduction, if validation is moderate, the indicator is validated. If the validation is l weak, the indicator is occasionally validated. If 
0= no validation OR 3+3+3+1=2.5= strong validation = indicator is validated. 
Colour code: Indicators manifestation:  3-2.5 (strong validation - dark green), 2.4-1.5 (moderate validation - green), 1.4-0.1 (weak validation 
- light green), 0 (no validation - blank). 
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Based on the bottom-up approach, certain themes of discussions which resulted from 
the interview analysis and 1st iteration were not strictly correlated with the SE indicators 
but accounts for more than 20% of the total coded segments across interviews. However, 
the coded segments associated with the Policy and forest governance (Figure 14) 
highlights the importance of policy information in decision-making. The co-occurrence 
(coded segments occurrence) of Laws and binding regulations (193 coded segments) and 
Systemic barriers in policies implementation (334 coded segments) in each CSA, shows 
the necessity of a comprehensive analysis of both policy but also stakeholders and their 
intrinsic causative relationship 

 
Figure 14 – Forest policy and governance (frequency of coded segments and occurrence in 

CSA) 

These forest policy and governance findings—such as institutional effectiveness, systemic 
barriers, and the role of public discourse—will be directly incorporated into the scenario-
building processes of OptFor-EU WPs. By recognizing how policy coherence, regulatory 
enforcement, or public perceptions shape forest management decisions, the DSS can 
better reflect real-world policy levers and constraints. For instance, scenarios may vary 
according to different levels of institutional capacity or varying degrees of stakeholder 
support. This approach ensures that the DSS outputs account not only for biophysical and 
economic factors but also for the critical governance dimensions that ultimately 
determine policy feasibility and stakeholder acceptance of forest management 
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strategies. The validated indicators with their respective manifestation are expressed in 
Figure 15. 

 
Figure 15 – Validated indicators across all CSAs 

The indicators are not exhaustive but could provide a clear path for stakeholders towards 
two predicaments: 1. Efficiency and resilience, and 2. Active engagement. 

4.4. Forest-Climate nexus data  
The nexus approach enables the interactions of human activities and the environment 
and promotes resource planning and management that considers multiple sectors and 
their interactions although the nexus itself may not be sufficient (Estoque, 2023; Jones-
Crank, 2024). Nevertheless, current approaches are fragmented and siloed policies are still 
prevalent despite the increased demand for natural resources and evidence of the nexus 
approach’s usefulness towards integrated management of resources (Marin et al., 2022; 
Tudose et al., 2022). Thus, the nexus concept aims to interconnect different sectors to 
foster sustainable solutions (Urbinatti et al., 2020) which have at its core governance 
principles like connectivity, participation, sharing and empowerment, essential for nexus 
achievement (Yuan and Lo, 2022). 

In OptFor-EU, the deliverable D3.3 presented a comprehensive analysis of qualitative and 
quantitative data gathered through an extensive stakeholder engagement process at the 
CSA level, mainly regarding the stakeholders’ perceptions regarding climate change and 
management practices. Climate change highly influences human well-being and 
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environmental quality (Chen et al., 2023; Tan et al., 2023) speeding up the pace towards 
sustainable development worldwide (Wamsler et al., 2021). As of 2009, the planetary 
boundaries concept has delineated safe limits for humanity that are crucial for 
environmental sustainability (Steffen et al., 2015) yet, despite its increased importance in 
assessments and reporting, it currently fails to adequately represent the 
interdependencies among various planetary boundaries (Lade et al., 2019). Thus, country 
and regional data inform performance monitoring and target setting (Cook et al., 2017; 
Custodio et al., 2023) while relying on local narratives and local needs for sustainability 
(Priebe et al., 2022). In this case, stakeholders generally revealed that their organizations' 
structures support current climate mitigation goals. However, they stressed the need for 
more resources and funding for these efforts. 

Forest-Climate nexus (F-C nexus) assessment within the OptFor-EU case studies, has also 
included an Expert survey which was created together with WP5 (task T5.2) and 
distributed to European stakeholders and national experts to gather information about, 
but not limited, to climate change and forest management at case study level. To 
accommodate language differences, the survey was translated into local languages and 
disseminated through LimeSurvey between January−April 2024. The outcomes of 168 
validated responses were given in detail in the deliverable D3.3 Report on threats and 
challenges for increased forest-based carbon removals in CSA (Tudose et al., 2024) of the 
OptFor-EU project, submitted in July 2024. Concerning FMP, the initial assessment 
showed that stakeholders value forestry management knowledge and readily available 
information on the topic. They also believe that it is crucial to improve forest resilience 
through biodiversity and practices that enhance carbon sequestration. Last but not least, 
they highlighted the need for increased awareness and education regarding climate 
protection in forestry. 

Related to climate change perception, our study revealed that gender and work 
experience influence perceptions of climate change mitigation benefits and costs, 
although it varies primarily based on regional and local factors. Despite these variations, 
the majority of organisations involved in the survey are highly committed to current 
climate mitigation goals, indicating a strong institutionalisation of climate change, even 
if some countries are more sceptical on this issue. The study also found significant 
differences in how organisations perceive their alignment with current climate change 
goals, while the respondent experiences are another factor that influences their 
perception regarding institutional ability to cope with climate change challenges. 
However, a quarter of respondents consider no long-term financial sustainability about 
measures to support climate mitigation and the necessity of more resources/ funding for 
climate mitigation action is highly stated. 

Concerning the management practices, the perception of stakeholders on strategies and 
approaches towards climate adaptation are evenly distributed and highlight the need to 
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enhance forest resilience through multi purpose strategies that cover a wide spectrum of 
uses and services stressing the importance of the pluralistic value of forests. The 
diversification of tree species and the use of resilient varieties to cope with climate change 
and its associated risks are ranked as the most important for adaptation strategies, while 
the most effective for climate mitigation were strategies that enhance the capacity of 
forests for various ecosystem services, including carbon removal and sink but also giving 
added value to forest products. The spectrum of opinions expressed by open-ended 
responses revealed an increased focus on forest management, emissions, use of wood 
and wood production actions as essential tools for enhancing the forest capacity to 
mitigate climate change as well as using long-life wood products as a sustainable way for 
utilising resources, particularly in the construction sector.  

To get more in-depth perspectives on the F-C nexus, the Expert survey was 
complemented by a Qualitative interview developed under task T5.3 of WP5. The 
interviews were focused on exploring stakeholders’ needs and requirements associated 
with F-C nexus data including socio-economic information. The outputs of 56 interviews 
were analysed to explore the F-C nexus from the stakeholders’ perspective. 

The outputs of these interviews will be detailed in D5.3. Report on forest managers’ 
perceptions of FES and their intended forest management of the OptFor-EU project 
which is expected in M36, 48 (December 2025, December 2026).  
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6. Stakeholder database 
The extensive engagement of stakeholders carried out in each CSA contributed to the 
update of the stakeholder database, started within T3.1 Stakeholders engagement plan 
and mapping. Due to the iterative and repetitive engagement process, currently, the 
stakeholder database encompasses 295 stakeholders across all CSAs. 

7. Structure of the OptFor-EU database 
The wide range of data collected from each CSA on EFT, FMP, FES, socio-economic 
information and F-C nexus data, through a top-down and bottom-up approach using 
workshops, surveys, interviews, bilateral meetings will be compiled in a database, which 
is currently undergoing finalisation by WP4 and will be made available by the end of 
December 2024. This database will serve as input for other WPs activities, mainly WP4, 
and WP5, but also will facilitate a more holistic understanding of the complex interactions 
between forest management practices, ecosystem services, governance frameworks, and 
stakeholder perceptions. The OptFor-EU database structure can be viewed in the figure 
below (Figure 16).   
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Figure 16 – The structure of the OptFor-EU database 
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• The Geospatial considerations: 

The database is designed specifically for easy querying of spatial data. To perform 
complex analyses that involve querying information from multiple layers, grid tables have 
been created for each corresponding layer table. Thus, for vector layers, the grid table 
contains all the cells contained by a given polygon. 

The grid table of a raster layer contains the average value of the layer index for the 
respective cell. In this way, a correspondence analysis between raster and vector data can 
be easily performed using the grid tables. 

• Security considerations: 

Passwords are kept in the database in encrypted form, not even the administrator can 
access them. All user preferences are maintained in the database. The display of 
information is dynamic, depending on the preferences saved for each user. 
The data access mode is very flexible, and configurable based on users, groups, roles, and 
rights. 

• Performance considerations: 

A caching system is configured to minimize database access.  
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8. Conclusions 
The D3.2 Database including forest types, forest ecosystem services, socio-economic 
indicators, and forest management practices in each case study area, presented the 
wide range of data systematically collected from each CSA, encompassing information 
on the EFT, FMP, FES, F-C nexus data, and various SE aspects through a top-down to 
bottom-up approach. The OptFor-EU database will be hosted on the SIMAVI data-sharing 
server and in open-access repositories (e.g., Zenodo, Dryad) and will be made available on 
an OA licence to facilitate its reusability. The data collected through stakeholder 
interactions adhere to ethical standards and confidentiality procedures and falls under 
the ethical requirements set out through WP8. All data collected through the 
engagement process are not assigned at the level of the interviewed person. The data-
gathering process employed a multi-method, participatory approach, incorporating 
workshops, surveys, interviews, and bilateral meetings with stakeholders in the forest and 
forest-based sectors in each CSA. The comprehensive nature of these data ensures that 
they can inform DSS development activities in WP4. Moreover, the database will also 
serve as a critical input for subsequent activities under WP5. Given the interdependencies 
between WP3, WP4, and WP5, this centralised database not only underpins the DSS 
creation process but also facilitates a more holistic understanding of the complex 
interactions between FMP, FES, governance frameworks, and stakeholder perceptions.  

Furthermore, the integration of diverse data categories (EFT, FMP, FES, and SE indicators) 
creates a multi-dimensional foundation that drives the project’s core outputs. Specifically, 
EFT and FMP data provide essential spatial and operational parameters for scenario 
modelling, enabling the simulation of forest dynamics under different climate and 
management conditions. Concurrently, FES and SE indicators capture the 
multifunctional benefits and economic aspects of forest management, thereby guiding 
stakeholder engagement processes and informing the development of realistic, policy-
relevant scenarios. This integrated approach not only ensures that the DSS is grounded 
in comprehensive, on-the-ground data but also reinforces the synergy among OptFor-EU 
WPs by aligning technical modelling, stakeholder needs, and policy objectives. 
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ANNEX 1 Qualitative interview 
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ANNEX 2 Structural data sheet 
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ANNEX 3 Database on the Structural data 
sheet outputs 

Table 1 – Respondents distribution across countries 
Your Country / Case Study Area Frequency Percent Valid percent 

Austria 6 12.5 12.5 
Germany 5 10.4 10.4 
Italy 7 14.6 14.6 
Lithuania 5 10.4 10.4 
Spain 7 14.6 14.6 
Norway 4 8.3 8.3 
Romania 13 27.1 27.1 
United Kingdom 1 2.1 2.1 

Total 48 100.0 100.0 

 

Table 2 – Respondents distribution in terms of formal training across CSA 

  What forestry education do you have?  
(multiple answers possible) 

  Count Row N % 
Practice only 7 14.6% 
Skilled forestry worker 3 6.3% 
Master forester 1 2.1% 
Forestry college (forest warden) 0 0.0% 
Forestry school (forester) 7 14.6% 
Forestry studies (forest manager)  26 54.2% 
Other   6 12.5% 

 

Table 3 – Respondents working experience in forestry in all CSA 

Years working in forestry Frequency Percent Valid percent 
No response 3 6.3 6.3 
up to 5 years 4 8.3 8.3 
6 to 10 years 5 10.4 10.4 
11-20 years 12 25.0 25.0 
more than 20 years 24 50.0 50.0 
Total 48 100.0 100.0 

 
Table 4 – Respondents ownership across CSA 

Who owns the forest you manage? Frequency Percent Valid percent 
Private forest 18 37.5 39.1 
Communal forest or state forest 24 50.0 52.2 
Federal Forests 4 8.3 8.7 
Total 46 95.8 100.0 
Missing 2 4.2   
Total 48 100.0   
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Table 5 – The total forest area under management across CSA 

Total area of the forest for which you are 
responsible (in ha) 

Frequency Percent Valid percent 

less than 10 ha 3 6.3 7.0 
11 to 50 ha 3 6.3 7.0 
51 to 100 ha 1 2.1 2.3 
101 to 1000 ha 8 16.7 18.6 
more than 1000 ha 28 58.3 65.1 
Total 43 89.6 100.0 
Missing 5 10.4   
Total 48 100.0   

 

Table 6 – Number of years with forest management responsibility in all CSA 

How long have you been responsible for managing 
the forest? 

Frequency Percent Valid percent 

up to 5 years 7 14.6 17.1 
6 to 10 years 10 20.8 24.4 
11-20 years 13 27.1 31.7 
21-50 years 11 22.9 26.8 
Total 41 85.4 100.0 
Missing 7 14.6   
Total 48 100.0   

 

Table 7 – Dominant tree species across CSA 

Which tree species dominate your forest? Frequency Percent Valid percent 
Softwood 12 25.0 27.3 
Hardwood 16 33.3 36.4 
Mixed forest 16 33.3 36.4 
Total 44 91.7 100.0 
Missing 4 8.3   
Total 48 100.0   

 

Table 8 – Distribution of forest per age class across CSA 

  How high do you estimate the proportion of your forest per age 
class? (Total area of your forest = 100%) 

N 

Up to 20 Years 16.78 39 

21 to 60 Years: 33.36 39 

61 to 100 Years 28.72 39 

[100 to 140 Years  13.97 39 

> 140 Years 7.18 39 

Valid N (listwise)  39 
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Table 9 – Purpose of the forest across all CSA 
 For what purposes are your areas used? (ha)   

  Sum Mean N 
Commercial forest 208485 6317.72 33 
Protection forest  37154 1326.95 28 
Non-timber land 4370 198.65 22 
Valid N (listwise)     20 

 

Table 10 – Tree harvest method 
  How are the trees harvested? 
  Count Row N % 
Harvester 17 35,4% 
Manually with chainsaw 28 58,3% 
Other 8 16,7% 

 

Table 11 – Percentage of deadwood removed from forests on an annual basis 
How much deadwood do you remove from your forest?   
Percentage of deadwood removed per year (%) 

Frequency Percent Valid percent 

.00 28 58.3 80.0 

.50 1 2.1 2.9 
3.00 1 2.1 2.9 
5.00 1 2.1 2.9 
10.00 1 2.1 2.9 
20.00 2 4.2 5.7 
70.00 1 2.1 2.9 
Total 35 72.9 100.0 
Missing 13 27.1   
Total 48 100,0   

 

Table 12 – Recreational use of forests 

  Recreational use 
  Count Row N % 
Do hiking trails run through your forest?  31 68,9% 
Do mountain bike routes run through your forest? 22 50,0% 
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ANNEX 4 SE indicators resulted from top-down approach 
 

EGD 
goals 

Indicators 
set Forest 
Europe 

Goals/ 
Policy 
programs 

Criteria Indicators Indicator description Unit Scale Input needed References 

Clean 
Energy 
Transiti

on & 
Circular 
Econom

y 

6.2 
Contributi

on of 
forest 

sector to 
GDP 

6.3 Net 
revenue 

6.4. 
Investmen

ts in 
forests 

and 
forestry 

6.5. Forest 
sector 

workforce 
6.6. 

Occupatio
nal safety 
and health 
6.7 Wood 

consumpti
on 

6.9. Wood 
energy 

Strengthen
ing 

economic 
performan

ce of 
forestry 

C. Cost 
efficiency 

and 
employmen

t 
 

Subcriteria: 
3.3. Forest 
generated 

energy 
3.4. Cost 

efficiency 
and 

employmen
t 

Share of woody 
biomass to total 
primary energy 
Supply (tons or 
cubic) 

proportion of total biomass used for energy 
that comes specifically from woody 
sources,  

m3 ha-1  CSA/local Open-source data, 
literature, FO 

(Ahammad et 
al., 2024) 
 
(Riccioli et al., 
2020) 
 
(Köhl et al., 
2020) 
 

Share of wood 
energy users.  

the proportion of individuals, households, 
or businesses within a population or sector 
that rely on wood as an energy source,  

% or nr. CSA/loc Open-source data, 
literature, FO 

Woody energy use average amount of energy derived from 
woody biomass consumed per household 

m3 person CSA/loc Open-source data, 
literature, FO 

Share of forest land 
to wind/solar energy 
installation  

proportion of forested areas that have been 
allocated, cleared, or otherwise affected for 
the installation of wind or solar energy 
infrastructure.  

% or 
hectares 

CSA/loc Open-source data, 
literature, FO 

Total number of 
people employed in 
forestry and logging, 
manufacture of 
wood and products 
of wood, and pulp 
and paper industries 

overall employment across three 
interconnected sectors within the wood-
based economy, average number per CSA 
or region 

average 
number of 
persons per 
CSA or local 
region 

CSA/loc Open-source data, 
literature, FO 

Technical 
productivity of work  

efficiency and output of labor Average 
mc/employe
e 

CSA/loc Open-source data, 
literature, FO 

Accessibility of 
forests  

The degree to which forests are physically 
accessible for various purposes.  

m/hectares CSA/loc Open-source data, 
literature, FO 

Share of forest sector 
workforce in total 
national 
employment  

overall employment across three 
interconnected sectors within the wood-
based economy, per region/national 

number or % CSA/loc Open-source data, 
literature, FO 

Occupational safety  Frequency of occupational accidents: total 
number of reported accidents, injuries, and 
near-misses within a specified period. 

Number of 
incidents 
year-1 

CSA/loc Open-source data, 
literature, FO 
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Occupational health Prevalence rate: total number of cases of 
occupational diseases (both new and 
existing) over a specified period, among 
forest workers 

(n. of 
cases/total n. 
of workers) x 
1000 

CSA/loc  (Köhl et al., 
2020) 
 

C.  Profits 
from 

forests and 
investment

s 

Revenue from 
forests  

Income that the CSA gets from selling any 
goods and services to users 

Euros CSA/loc Open-source data, 
literature, FO 

(Krott and 
Stevavov, 2008) 
(Köhl et al., 
2020) 
 

Financial inflow for 
public/merit good 
demand  

Financing for production/provision of 
public/merit goods (e.g. protection of 
endangered habitats etc.) 

Euros CSA/loc Open-source data, 
literature, FO 

Revenue from new 
forest goods  

Revenue generated from new forest goods 
(land solutions, certification, recycling etc.) 

Euros CSA/loc Open-source data, 
literature, FO 

“Biological” 
investments  
 

Investments into nurseries, soil 
amendments, protection of plantations 
against disturbances etc.; in  

Euros/ha or 
year 

CSA/loc Open-source data, 
literature, FO 

Investments into 
new forest goods 

e.g. rentals, wood-based wool for clothes 
manufacturing, certification or new uses, 
Euros/hectares or year 

Euros CSA/loc Open-source data, 
literature, FO 

External partners  
(Shared role)  

Cooperation with external partners (e.g.: 
joint provision of touristic services; 
communication antennas; research 

Number/ 
year 

CSA/loc Open-source data, 
literature, FO 

(Lier et al., 2022) 
(Ahammad et 
al., 2024) 
(Hatziiordanou 
et al., 2019) 
(Pukkala, 2021) 
(Pukkala et al., 
2008) 
(Lanz et al., 
2020) 
(Köhl et al., 
2020) 
(Linser, 2020) 
(Weiss et al., 
2019) 
(Weiss et al., 
2017) 
 
 
 

Policy incentives If any, usually state aid: e.g.: Support 
incentives, financial incentives etc.)  

Euros per 
incentive 

CSA/loc Open-source data, 
literature, FO 

Just 
Transiti

on 

3.3. Non-
wood 
goods 

3.4. 
Services 

6.1 
Forest 

holdings 
6.2 

Contributi
on of 
forest 

sector to 
GDP 

 

Satisfyin
g user 

needs on 
forest 
goods 

and 
services 

C. 
Orientation 

towards 
new forest 
goods and 

services 
 

Subcriteria: 
2.3. 

Multifunctio
nality of 
forests 

4.2. Forests 
and people 

Carbon credits sold  (one per every ton of CO2 the forest 
sequesters) 

CC/CSA CSA/loc Open-source data, 
literature, FO 

Cultural and 
spiritual values 
(cultural experience, 
nature 
connectedness, etc) 

Number of sites within CSA designated as 
having cultural or spiritual values 

Number of 
sites 

CSA/loc Open-source data, 
literature, FO 

Forest area under 
an independently 
verified forest 
management 
certification system  

Portion of forested land that is managed 
according to recognized, third-party 
standards for sustainable forest 
management  

(ha, %) CSA/loc Open-source data, 
literature, FO 

Share of 
forest 
ownership  

State Portion out of total forested area % of total CSA/loc Open-source data, 
literature, FO 

Private % of total CSA/loc 
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4.3. Cultural 
landscape 

Non-wood goods 
(metric tons) 

Refers to NWFP such as berries, 
mushrooms etc.  

Tons per 
hectare 

CSA/loc Open-source data, 
literature, FO 

Coverage by forest 
management plans,  

Forest that are covered by FMP, as % from 
total 

% of the total 
forested 
area 

CSA/loc Open-source data, 
literature, FO 

Forest area, per 
capita 

Portion out of total forested area Hectares per 
person 

CSA/loc Open-source data, 
literature, FO 

Production forests, 
per capita 

Portion out of total forested area Hectares per 
person 

CSA/loc Open-source data, 
literature, FO 

Protected forests, 
per capita 

Portion out of total forested area Hectares per 
person 

CSA/loc Open-source data, 
literature, FO 

Forests accessible 
for recreation (%) 

Portion out of total forested area (hiking 
trails) 

% CSA/loc Open-source data, 
literature, FO 

Recreation Number of maintained recreation sites and 
facilities within CSA 

Number of 
sites 

CSA/loc  

Share of urban 
population with 
proximity to public 
green areas green 
space  

(distance from dwelling to the public green 
areas)  

km CSA/loc Open-source data, 
literature, FO 

Forest scenic beauty Mean scenic beauty index Index value CSA/loc Open-source data, 
literature, FO 

Facilitati
ng Inter-
sectoral 
coordinat
ion 

C. Cross-
sectoral 

cooperatio
n 

Trustful cooperation 
with wood-based 
actors 

Number of cooperation activities per year 
with wood-based actors  

(N/year) CSA/loc FO, Open-source 
data 

(Krott and 
Stevavov, 2008) 
 

Trustful cooperation 
with actors from 
many different 
sectors 

Number of cooperation activities per year 
with other actors  

(N/year) CSA/loc FO, Open-source 
data 

Community 
engagement 

Number of community-based forest 
management initiatives 

Number 
initiatives 
year-1 

Case 
study 
area/local 

FO, Open-source 
data 

Community 
education 

Number of educational programs on 
sustainable forest management 

Number 
initiatives 
year-1 

Case 
study 
area/local 

FO, Open-source 
data 

Partnerships Number of cooperation activities per year 
with any actors  

(N/year)  FO, Open-source 
data 
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ANNEX 5 Indicators matrix of stakeholder 
perceptions 
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ANNEX 6 Coded segments per project 
Coded segments CSA1 CSA2 CSA3 CSA4 CSA5 CSA6 CSA7 CSA8 Total 

Investments 13 3 8 2 0 21 25 2 74 

Policy instruments 22 2 18 19 28 96 49 21 255 

Cost efficiency 39 24 30 13 13 103 57 10 289 

Economic uncertainties and revenue 112 64 71 33 51 75 74 29 509 

Financial compensation (incl. insurance) 12 6 21 9 5 35 20 3 111 

Material and energetic use of forest biomass/Fuelwood 6 16 6 4 5 33 15 16 101 

Technological progress  47 24 33 16 27 56 19 22 244 

Non-wood forest products 10 25 3 3 5 28 5 3 82 

Employment condition and workforce 37 6 15 15 29 65 69 37 273 

Forest holding 0 0 0 0 0 0 0 0 0 

Forest ownership 49 8 4 15 8 24 3 1 112 

Cross-sectoral cooperation 0 0 0 0 0 0 0 0 0 

Cooperation and communication 23 6 12 3 10 99 34 12 199 

Commitment to education and training; 12 12 19 6 14 46 8 8 125 

Wishful thinking 29 18 43 23 33 60 47 23 276 

Denial 4 0 3 1 0 6 6 8 28 

Fatalism 41 65 34 124 61 17 47 15 404 

Effectiveness of institutions 26 0 13 17 2 53 29 19 159 

Systemic barriers in policies implementation 17 20 55 12 18 119 59 34 334 

Public discourse influence on forests management 25 7 30 14 17 64 34 16 207 

Laws and binding regulations 30 18 10 5 11 76 18 25 193 

SUM 554 324 428 334 337 1076 618 304 3975 

N = Number of interviews 5 6 6 5 6 14 7 7 56 
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