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MOSAIC, Interreg, Alpine Space 

The main goal of the project MOSAIC is to support the Alpine Space program objective: 

Promoting climate change adaptation and disaster risk prevention, resilience, taking into 

account ecosystem-based approaches. 

Therefore, MOSAIC focuses on hazard-resilient and sustainable protective forest management 

coping with climate changesô multiple dimensions, which is essential for managing climate-

related risks. In order to support regional and alpine climate action plans, the project aims to 

collect, harmonize and share data, model alpine climate-related disasters trends, and 

protective forest effects. The project partners strive to raise awareness among foresters, risk 

managers, decision makers and the public through a network of forest living labs in the 

European Alps. 

 

Activity 3.1 Establishment of forest living labs network equipped with virtual tool 

and solutions for knowledge transfer 

Forest living labs (FLLs) are established in hotspot areas identified in WP1 in each project 

partner country and will serve as a research, training and awareness tool. A virtual tool (app) 

and a common educational concept for training of adaptive and integrated measures in forests 

with protective functions, which are potentially at risk due to climate change compound events, 

will be produced.  

 

Deliverable 3.1: Report on forest living labs network equipped with virtual tool 

and solutions for knowledge transfer 

This report presents the process used for establishing a FLLs network, virtual tool and 

educational concept for training, including feedback from various users. All FLLs created in 

this project are presented together with brief descriptions of case studies, research areas, best 

practice examples and stakeholder involvement process. 
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1. INTRODUCTION:  
 

A report on forest living labs (FLLs) network equipped with virtual tool and solutions for 

knowledge transfer is a deliverable within the MOSAIC project. Forest living labs are set up in 

each project partner country in hotspot areas identified in WP1, and serve as a research, 

training and awareness-raising tool. We present the theory and knowledge related to the 

process of FLLs establishment, together with stakeholder involvement and a description of 

educational concepts for training with Marteloscope plots, using a virtual tablet-based tool for 

tree selection and thinning management decision making. All FLLs created in this project are 

described together with case studies, research, test areas, best practice examples and 

stakeholdersô involvement. 

 

2. GLOSSARY 
 

Living labs: Living labs are defined as user-led open innovation ecosystems, which engage 

stakeholders in the form of a public-private-people partnership (PPPP) to co-create products, 

services, social innovations. They are set in real-life environments (e.g., forest, campus, city, 

region). 

Forest living lab: Forest living lab is an open-innovation ecosystem set in a forest area. It is 

used for research and development, innovation processes and knowledge transfer in field of 

forestry. It involves different stakeholders and active users to help co-create products, services 

and innovations related to forestry practices. 

Marteloscope: Silvicultural training site typically one hectare in size in which all trees are 

numbered, their position mapped and mensuration data (e.g., height, diameter at breast height, 

tree condition) are recorded. In combination with evaluation and simulation software, virtual 

tree selection and thinning exercises can be performed. 

Integration forum: Formal or informal exchange formats where actors meet in order to 

exchange science-based information. They enable direct or indirect interaction between 

science and practice and can be of a material or conceptual nature (e.g., expert panels, 

workshops, practice-oriented journal articles). 

Protective forest: Forests that mitigate or prevent the impact of a natural hazard, 

including rockfall, snow avalanches, erosion, landslides, debris flows or flooding against 

people, infrastructure, settlements, forests and soil. Two types of protective forest have to be 

distinguished: 

1. The term site protective forest is used for forest areas in which the preservation of 

the forest itself is the main objective.  

2. The term object protective forest is used for forest areas that protect identified objects 

in developed areas against natural hazards. 



 

 

 

3. LIVING LAB METHOD 
 

Climate change is imposing increasing stress on ecosystems, leading to significant changes. 

Managing these complex changes can be a challenge, especially when many diverse interest 

groups are involved. In order to find solutions to these complex problems, one helpful approach 

is using a Living Lab. Therefore, the Living Lab Method is now utilized in many projects that 

are funded by the European Union. Living Labs are defined as followed:  

ñLiving Labs (LLs) are open innovation ecosystems in real-life environments (e.g. cities, 

forest, campus) using iterative feedback processes throughout a lifecycle approach of 

an innovation to create sustainable impact. They focus on co-creation, rapid 

prototyping & testing and scaling-up innovations & businesses, providing (different 

types of) joint-value to the involved stakeholdersò (ENOLL, 2023). 

Thereby, the commonality among most Living Labs lies in their engagement with real-life 

problems and their endeavors to devise solutions (LUPP et.al., 2021).  

Living Labs generally undergo three main-phases:  

1. Defining a problem in depth with all stakeholders, which involves a risk-evaluation 

and situation analysis.  

 

2. The second phase involves collecting existing data from previous research and 

experiences of stakeholders, as well as analyzing what aspects of the problem can be 

solved with that data, but also where a lack of knowledge exists and which new 

innovative solutions can be implemented. This can be achieved through experiments, 

case studies and workshops.  

 

3. After a solution is found, there should be an implementation and evaluation of this 

solution. This feedback can help identify unresolved issues or areas where the solution 

can be improved. (LUPP et.al., 2021). 

Stakeholders of all four groups of the Quadruple Helix should be present in the Living Lab co-

creation, including industry, academia, state and public (CARAYANNIS, 2009). All sectors 

have different views, experiences, competences and knowledge that can be included in the 

Living Lab process (LUPP et.al., 2021). Furthermore, every person or each group has slightly 

different risk perceptions (SANTORO S. et.al., 2019). Having this represented in the Living Lab 

is quite helpful, in order to individualize innovative solutions for the specific situation. Bringing 

the public via non-governmental organizations (NGOs), public initiatives as well as users and 

owners into the Living Lab, supports the public-private relationship as it provides validation of 

their struggles and can support the implementation of the solution needed (PONSARD, 2020).  

Establishing many forms of communication between stakeholders is a key factor in a Living 

Lab, which can happen through engagement events, meet & greets, trainings, online platforms 

and workshops. This helps foster co-creative and open innovation processes within the Living 

Lab (ENOLL, 2023), as well as enhancing knowledge transfer for everybody involved 

(ST¡HLBR¥ST/HOLST, 2013).  

 



 

 

 

Key elements of living labs (ENOLL, 2023): 

¶ Multi-stakeholder participation 

Taking a holistic view on society and involving stakeholders from the quadruple helix model 

(government, academia, private sector and citizens). 

¶ Co-creation 

In a living lab, values are bottom-up co-created not only for but also by all relevant 

stakeholders, ensuring a higher adoption in the end. 

¶ Active user involvement 

A living lab involves relevant stakeholders 'actively' in all relevant activities, ensuring their 

feedback is captured and implemented throughout the whole lifecycle of the innovation. 

¶ Real life setting 

A living lab operates in the real-life setting of the end users, infusing innovations into their 

life instead of moving the users to test sites to explore the innovations. 

¶ Multi-method approach 

Each living lab activity is problem driven. Therefore, the methodological approach towards 

every individual activity will be selected based on the expected outcomes of the activity 

and the stakeholders who need to be involved. 

¶ Orchestration 

The living lab operates as the orchestrator within the ecosystem to connect and partner up 

with relevant stakeholders. 

The European LL concept is an approach, a movement, and a tool that is ever growing and 

evolving. Since this concept was defined in the early 2000s and following the launch of the 

ENOLL network, it has grown membership and spread over a broad geographical range. We 

can conclude, that LLs are described as innovation environments where citizens, public 

authorities, private enterprises and research institutions collaborate in the creation of new 

products, services and systems (Schuurman et al. 2025).  

 

As a proposition, SWOT analysis (strengths, weaknesses, opportunities and threats) can be 

used at both the beginning and end of the FLL process to assess and reflect on challenges 

and capacities. Initially, it can help to define key problems and identify areas for enhancement 

or development. Following research activities and practical training - such as exercises using 

the Marteloscope, the SWOT analysis can be repeated to evaluate changes, improvements or 

newly emerged issues. This comparative approach allows stakeholders to measure the impact 

of applied methods and to refine their strategies. The final SWOT results can then serve as a 

foundation for proposing concrete, transferable solutions that address the identified 

challenges, with potential to be scaled to other regions or integrated into national-level 

planning.  

 

 



 

 

3.1. FOREST LIVING LABS 
 

In order to address the challenges of climate change and their impact on forestry, the MOSAIC 

project has been focusing on finding innovative solutions to promote climate change 

adaptation, disaster risk prevention and increasing forest resilience, while taking into account 

ecosystem-based approaches. To address this issue, living labs (LLs) have been recognized 

as a suitable methodological approach. According to the ENOLL (2023), LLs are not a simple 

or linear concept; their broad and flexible definition allows for adaptations across diverse 

environments and thematic areas. For the purposes of this project, we adopt ENOLL (2023) 

definition, while incorporating the specific characteristics of the MOSAIC forest living labs 

(FLLs) where needed.  

At the moment, there is no universally established definition of a FLL1, despite the fact that the 

broader LL concept has been successfully applied in various forest environments. Several 

initiatives (e.g., Ponsard and Nihoul 2020; REFOREST 2022-2025; ANDORRA 2023; 

FoResLab 2025) demonstrated the applicability of LLs in addressing several topics like 

sustainable forest management, agroforestry, urban forestry, forest soils, and tropical forest 

ecosystems.  

 

Forest Living Labs can be understood as LLs where the co-creation, testing and scaling-

up of adaptive forest management strategies aim to address various challenges 

occurring within forest ecosystems (IUFRO, 2025). In this context, the MOSAIC FLLs 

represent a specific application of the FLL concept in protective forests aiming to 

implement integrated and adaptive management approaches in the Alpine space, with 

a particular focus on climate change mitigation.  

LLs aim to facilitate the transfer of scientific research into marketable innovations (Alhajj Ali et 

al. 2025, ENOLL, 2023). Within the MOSAIC project, this objective has been developed within 

the Work Packages (WP) 1 and 2. WP1 has focused on data mining and developing projections 

of climate change (CC) effects on the Alpine Space (AS), while WP2 has worked on a natural 

hazards modeling platform for the analysis of CC compound events and AS protection forests.  

WP3 has played a key role in stakeholder identification and engagement, employing the 

methodology described in chapter 4 as well as in the facilitation of their active involvement, an 

essential foundation for the establishment of the FLLs. 

Throughout the entire MOSAIC project, particular emphasis was on the research, training and 

awareness-raising dimension of the LL framework. To this end, the marteloscope (see chapter 

5) was adopted as a central tool for shaping the FLL. Rather than serving solely as a training 

plot, the concept of marteloscope within MOSAIC has been enhanced with elements of 

innovation, co-creation and stakeholder engagement, transforming it into a fully functioning 

FLL utilizing already existing functionalities. 

It is important to highlight that the transferability of Living Lab innovations to other areas is 

enhanced when the LL is placed in an environment that represents broader regional 

characteristics (Alhajj Ali et al., 2025). To address this concern, we have established our FLLs 

across a broad geographical area of the Alps, extending from Slovenia in the east to France 

in the west. The network includes sites in Italy, Austria, France, Slovenia and Switzerland, and 

 
1 Task Force T52 at IUFRO is currently working on creating a uniform definition (see 
https://www.iufro.org/task-forces/forest-living-labs-for-sustainable-climate-adaptation-forlivs) 



 

 

was designed to capture a wide range of forest types, tree species, natural hazards and varying 

geological, climatic and topographical conditions. 

Figure 1 presents the key elements of an effective FLL that were selected by Mosaic partners 

during the project meeting workshop. 

 

Figure 1: The results of a workshop within Mosaic project partners on what are key elements of an effective forest living lab 

 

4. METHODOLOGY FOR STAKEHOLDER IDENTIFICATION and 

INVOLVMENT 
 

The MOSAIC project recognizes different categories of stakeholders distributed across a wider 

area of the Alpine space. There are many possibilities on how to identify and engage 

stakeholders, each of which may vary depending on the projectôs objectives, the timing of 

stakeholder involvement, and their motivation to participate. In MOSAIC, active stakeholder 

input has been considered as a central element in establishing the FLLs.  

Several methods for identifying relevant stakeholders and tools to foster their motivation and 

engagement during the project can be used. Some of these approaches and tools are outlined 

below. 

 

4.1. VENN DIAGRAM 
 

The Venn diagram is a valuable method used to identify stakeholders based on their relevance 

and relationship to a central component of interest ï in this case, the FLL. The process of 

creating a Venn diagram for the stakeholderôs identification involves four steps:  

1. compiling a comprehensive list of stakeholders; 



 

 

2.  identifying stakeholders with the greatest relevance to the project;  

3.  prioritizing the most significant stakeholders by representing them with larger circles; 

4. assigning each circle to a specific stakeholder.  

Stakeholders can be categorized into groups, each represented by a circle of a distinct colour. 

The size of each circle indicates the stakeholderôs relative importance, influence and potential 

contribution to the central component. The distance of the circles from the centre reflects the 

strength of the relationship between the stakeholders and the component of interest. 

Determining circle placement should be a participatory process, involving a discussion among 

stakeholders and should ensure that the diagram reflects real-world dynamics. An example 

from stakeholder identification workshop in Slovenia is presented in figure 2. 

In the MOSAIC project, the Venn diagram was used to visually illustrate the relationshipsð

existing and missingðbetween stakeholders. Through the analysis of the Venn diagram, we 

obtained a deeper understanding of the stakeholder relevance, influence and proximity to the 

projectôs goal, supporting a more strategic engagement in the design and implementation of 

the FLL. 

 

 

 

Figure 2: Venn diagram for stakeholder recognition and their relationship definition (example from FLL Soteska, Slovenia) 

 

4.2. PERSONIFICATION OF STAKEHOLDERS 
 

The personification of stakeholders is a tool to help better identify and understand the 

motivation and needs of stakeholders. It synthesises broad knowledge about a particular target 

group. The project team, who deals with the ad hoc problems initialy identifies different 

stakeholders who are or might be beneficial in the course of the project. It is possible to include 

already associated stakeholders or non-existent stakeholders. Data is then used to create a 

personification of existing stakeholders, while an idealized stakeholder is created for those who 

are yet to be identified. To identify new stakeholders, we use information that is crucial to the 



 

 

projectôs needs, while ensuring that the same criteria is applied to each stakeholdersô profile. 

(Barov et al. 2021; Ortbal et al. 2016).  

 

4.3. INTEGRATION FORUMS 
 

Described methods are optional, other methods for stakeholdersô identification can be used as 

well. For stakeholder involvement and knowledge transfer we decided to use a method called 

Integration Forums, where we were searching for already established integration forums and 

organising new ones when necessary. 

Integration forums serve the targeted transfer of scientific knowledge into practice (Kirchner 

and Krott, 2020). They are formal or informal formats where actors meet in order to exchange 

science-based information. These formats can be of a material or conceptual nature (e.g. 

expert panels, workshops, practice-oriented journal articles). 

 Unlike other knowledge transfer models, the ñresearch ï integration ï utilizationò (RIU) model 

developed by Bºcher and Krott (2016) explicitly takes into account the different functional 

logics in the fields of science (empirical evidence and logic) and practice (power and interests) 

for successful knowledge transfer. The RIU model aims to bridge these ñdifferent worldsò of 

science and practice through an additional ñintegration phase. 

Integration forums represent key formats for actor compositions within this integration phase. 

Through bi-directional exchange between the involved actors, they contribute to 

¶ informing scientific actors about the practical needs for scientific solutions, and 

¶ providing practitioners with scientific information tailored to their needs and interests. 

Thus, integration forums function as starting points for generating practical relevance for 

practitioners. To ensure this relevance, the concept aims to bring together actors who share 

similar practical challenges and interests. This enables scientific information to be tailored to 

these interests and actively utilized by the participants. 

Integration forums may consist of diverse actor constellations. For successful knowledge 

transfer, the composition of actors should be considered when selecting an appropriate 

integration forum. 

From the perspective of a research project, integration forums can be classified into the types 

ñexisting,ò ñhybrid,ò and ñnewò forums (Kirchner and Krott, 2022; see Table 1). Moreover, 

different actor roles within an integration forumðsuch as ñkey actor,ò ñtarget actor,ò and 

ñparticipating actoròðcan be distinguished. Identifying and classifying both the type of 

integration forum and the actor roles can help optimize the organization of targeted scientific 

knowledge transfer. Further information on the concept of integration forums will be provided 

in Deliverable 3.2.1. 

 

 

 

 

 



 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

5. EDUCATIONAL CONCEPT FOR TRAINING WITHIN THE MOSAIC 

PROJECT 
 

The MOSAIC project aims to enhance the competencies of forest practitioners, decision-

makers, and forestry professionals by developing a targeted training curriculum. The training 

will focus on protective forest management using marteloscope plots and I+ Trainer in 

combination with the Samsara growth model. The purpose is to foster better decision-making 

in complex forest ecosystems, particularly in protective forests, by improving understanding of 

silvicultural interventions, forest dynamics, and multifunctional forest management.  

The curriculum follows the structured nine-step curriculum development process, enriched with 

five practical training principles. 

 

5.1. NINE-STEP CURRICULUM DEVELOPMENT PROCESS 
 

Step 1: Determine Training Needs 

This step involves identifying the gap between the current knowledge, skills, and attitudes of 

the target group and the desired competencies. In the context of the MOSAIC project, the 

training must address this gap by providing practical, scenario-based education focused on 

sustainable and risk-informed decision-making. 

 

Step 2: Specify Training Objectives 

Table 1: Types and examples of integration forums and actor roles. 



 

 

Clear objectives are essential to guide both trainers and participants. For this training, the 

objectives can include: 

¶ Understand the ecological, protective, and societal functions of protective forests. 

¶ Recognize site-specific limitations and risks. 

¶ Develop management and sylviculture strategies that maintain or enhance the 

protective function of the forest. 

¶ Evaluate and justify silvicultural decisions in the context of real forest stands. 

 

Step 3: Organise Training Content 

Content should align with the defined objectives. For Mosaic training, it may include: 

¶ Silvicultural measures for improving forest structure and resilience (e.g. thinning, 

other). 

¶ Introduction to tools for decision support: I+ Trainer and marteloscope exercises (tree 

selection) and Samsara simulations (long-term stand development). 

¶ The role and classification of protective forests in forest policy and planning. 

¶ Site conditions and limitations (e.g. slope, soil stability, natural hazards). 

 

Step 4: Select Training Methods and Techniques 

The training should be interactive, field-based, and rooted in problem-solving. A trainer should 

provide trainees with learning activities that effectively present the training content and help 

them accomplish training objectives. 

Training methods can include: 

¶ Guided training on marteloscope plots to explore tree selection and structural 

evaluation. 

¶ Group discussion of case studies, including historical examples of protective forest 

failures and successes. 

¶ Use of simulations (e.g., Samsara) to visualize long-term consequences of different 

interventions. 

¶ Participatory planning exercises where participants develop and present management 

strategies. 

The aim is active learning, critical thinking, and peer learning. 

 

Step 5: Identify Needed Training Resources 

Identification of the resources you will need to conduct the training, like facilities, equipment, 

and materials, administrative and personnel support. Comprehensive preparation ensures 

high-quality delivery. 

For successful implementation, the training should require: 

¶ Access to equipped marteloscope plots with recorded data. 

¶ Equipment (tablets and laptops for using I+ Trainer and Samsara model). 

¶ Visual aids, maps, sylvicultural and management plans and datasheets to support field 

exercises. 



 

 

¶ Trainers with experience in protective forest management. 

¶ Local forest professionals who know the area. 

¶ Facilities for indoor sessions and group work, coffee breaks and lunch. 

     

Step 6: Assemble and Package Lesson Plans 

A structured lesson plan will ensure smooth implementation. It includes a schedule, detailed 

session objectives, content outlines, required materials, and instructional strategies, ensuring 

clarity and consistency across trainers. 

Each training day or module should be clearly planned. Lesson plans should include: 

¶ Learning goals for each session. 

¶ Key points to deliver. 

¶ Field and classroom activities. 

¶ Timing and materials. 

¶ Safety protocols for fieldwork. 

    This allows for smooth delivery, clear structure, and flexibility for adaptation 

 

Step 7: Develop Training Support Materials 

Training materials should be practical, relevant, and easy to use. These may include printed 

manuals, field guides, data sheets, and digital resources for I+ Trainer and Samsara usage.  

Support materials will serve both during and after training for reinforcement. 

 

Step 8: Develop Tests for Measuring Trainee Learning 

Knowledge checks, peer assessments, group presentations and practical tests (e.g., tree 

selection exercises, simulation tasks) will evaluate learning outcomes. Participantsô feedback 

should also be collected to improve future sessions. 

These allow trainers to adjust the content and evaluate learning outcomes. 

 

Step 9: Try Out and Revise the Training Curriculum 

Before conducting a training, a pilot session should be organized to test a curriculum with a 

small group of participants. This pilot will help identify: 

¶ Clarity and relevance of content. 

¶ Engagement of participants. 

¶ Technical or logistical issues. 

¶ Timing and workload balance 

Feedback will inform revisions, ensuring the curriculum is robust, applicable, and well-

received. 

 

 



 

 

5.2. FIVE PRACTICAL TRAINING PRINCIPLES 
 

Integration of Training Principles: 

0. Invitation for participants 

Clear invitations will specify the training goals, agenda, trainers, location, and required 

equipment. 

1. Effective start of training 

The training should begin by introducing goals, structure, logistics, and expected 

outcomes. 

2. Put your knowledge into a wider frame 

Trainees will connect new knowledge with broader forest policy and climate adaptation 

goals. 

3. Digestible content 

Content will be divided into small, practical segments with time for reflection and 

discussion. 

4. Practice, practice, practice 

Emphasis will be placed on active, hands-on learningðparticipants will apply, simulate, 

and reflect. 

5. Evaluation 

Evaluation is embedded throughout and after the training to ensure learning 

effectiveness and improve future delivery. For evaluation the evaluation questionnaire 

can be used. 

 

5.3. MARTELOSCOPES AND I+ TRAINER VIRTUAL TOOL FOR 

KNOWLEDGE TRANSFER 
 

The central tool for knowledge transfer used in MOSAIC FLLs is the marteloscope ï a 
silvicultural training site typically covering an area of 1 ha. Within each marteloscope, all trees 
are individually numbered, mapped and recorded with attributes such as species, diameter at 
breast height (dbh) and height. Additional metrics like basal area, volume, habitat value and 
economic value are calculated. Habitat value is assessed based on the presence of tree 
microhabitats assessed from a comprehensive survey, while economic value is determined by 
tree quality and current local wood market prices. 

The marteloscope is integrated with a virtual tree selection tool called I+ trainer (figure 3 and 

4) developed by the European Forest Institute (EFI). This tool will be used for a knowledge 

transfer to our designated stakeholders. The I+ software tool allows users to simulate forest 

management decisions and immediately visualize their future ecological and economic 

consequences. Results from these exercises are intended to stimulate discussion and 

collaborative learning among the participants (INFORMAR; Krause et al. 2018), making it an 

effective tool for participatory forest management within the FLL framework. 



 

 

 

Additionally, a growth simulation model - Samsara for predicting the future development of 

stands following silviculture treatments (in our case one ha marteloscopes) will be used for 

50+ year prediction. 

  

   

Figure 3: Use of the I+ Trainer on Marteloscope  Figure 4: Map of trees on I+ trainer app 

 

5.3.1. Development of the Protective Module in the MOSAIC Project 

 

As part of a deliverable for the MOSAIC project, the I+Trainer is being further developed and 

upgraded with a protective module to be used in protective forests, where providing protection 

against natural hazards (e.g. rockfall, landslides, snow avalanches) is more important than 

wood extraction. 

The new module will allow users to assess how different silvicultural measures affect the 

protective function of the forest, whether they increase or decrease it. This will form part of an 

educational tool for transferring knowledge on protective forest management to forestry 

practitioners and other stakeholders. 

The development of the protective module is being carried out jointly by MOSAIC project 

partners and EFI. The following steps outline the process so far: 

1. Definition of protective indicators: Fifteen protective indicators important for evaluating 

the forestôs protective function were defined by MOSAIC partners (Figure 7). 

2. Expert evaluation: The indicators were assessed by 27 SFS forestry experts and 8 

MOSAIC project partners according to their importance for stand stability and slope-

process prevention. 



 

 

3. Data analysis: The evaluation results were analyzed and ranked (Figures 5 and 6). 

4. Partner discussion: A follow-up evaluation with MOSAIC partners was held to discuss 

the importance of indicators and decide which should be included in the protective module, 

based on the analysis results (figure 7). 

5. Coordination with EFI: Meetings with EFI will follow to explore the technical possibilities 

of integrating the selected indicators into the module. 

6. Integration: The most relevant selected indicators will be incorporated into the I+Trainer. 

7. Testing: The protective module will be tested in Marteloscope plots. 

8. Revision: The module will be updated and refined if necessary. 

 

Evaluation Results of Protective Indicators 

PROTECTIVE FOREST INDICATORS FOR STAND STABILITY 

 

PROTECTIVE FOREST INDICATORS FOR SLOPE PROCESSESS PREVENTION 

Figure 5: The results of evaluation of protective forest indicators for stand stability 

Figure 6: The results of evaluation of protective forest indicators for slope processess prevention 



 

 

The graphs in Figures 5 and 6 show the evaluation results (scores) provided by 27 SFS forestry 

experts and 8 MOSAIC project partners for each of the defined protective indicators. The 

evaluators received a list of indicators (Figure 7) and rated each one on a scale from 1 to 4, 

based on its importance for forest stand stability and slope process prevention. 

 

Results and Interpretation 

Based on the scores given by all 35 evaluators, the following parameters were calculated: 

¶ Average score (x-axis): Indicates how important each protective indicator is on 

average. 

¶ Standard deviation (y-axis): Shows how consistent the evaluatorsô opinions were. A 

lower value (closer to 0) means stronger agreement, while a higher value (closer to 1) 

indicates more variation in responses. 

¶ Frequency distribution: Represents the number of evaluators who assigned a 

specific score to an indicator (e.g. for Crown asymmetry, 17 evaluators gave a score of 

ñ4ò, 6 gave a ñ3ò, etc.). 

¶ Frequency distribution in %: Shows the percentage of evaluators assigning a 

particular score to an indicator (e.g. 81 % of evaluators gave a score of ñ4ò for the 

indicator H/D ratio). 

 

Visualization and Insights 

The results are displayed in a bubble chart that combines all parameters described above. 

The horizontal axis shows the average score, and the vertical axis shows the standard 

deviation (ranging from 0 to 1 or higher). 

The size of each bubble corresponds to the frequency distribution ð the number of evaluators 

who gave the highest score (ñ4ò). 

 

The most important protective indicators are those that: 

a) have the largest bubbles (most evaluators assigned the highest score), 

b) are positioned furthest to the right on the chart (indicating the highest average score), and 

c) are lowest on the chart (indicating the lowest standard deviation and highest agreement 

among evaluators). 

Finally, based on the bubble chart analysis, the protective indicators were ranked from most 

to least important and presented in a summary table (Figures 5 and 6). 



 

 

 

 

 



 

 

 

Figure 7: An example of the evaluation form for protective indicators 

 

 

5.4. SAMSARA - A GROWTH SIMULATION MODEL 
 

The Samsara2 forest simulator (figure 5) is an individual-based and spatially explicit model 

(Courbaud & al., 2015) where individuals are classified as either saplings (diameter at breast 

height, DBH < 7.5 cm) or trees (DBH >7.5 cm). Tree and sapling demographic processes 

(recruitment, growth, mortality) are calculated for each year and for each individual. A key 

feature of the Samsara2 simulator is the integration of the SamsaraLight ray tracing model 

(Courbaud & al., 2003), which estimates the light intercepted by each tree and the light 

available on the forest floor for saplings. The Samsara2 model predicts the effect of forest 

management on the dynamics of several ecosystem services: wood production, biodiversity 

indicators based on tree microhabitats (Courbaud et al., 2021), protection against rock fall and 

snow avalanches (Dupire & aL., 2016). It is coupled to the Carbone balance model CAT 

(Pichancourt et al., 2018) and the economic library Economics2 (Ligot, 2021). These different 

simulation tools are modules of the software CAPSIS (Dufour-Kowalski et al., 2012).  

An R package has been developed to connect the Samsara simulator to the field marking tool 

I+Trainer and simulate easily the consequences of the marking strategy (figure 6). It imports 

field marking data from the I+Trainer, launches Samsara simulations over 50 years with a first 

thinning intervention corresponding to the field marking and following interventions mimicking 

a similar strategy, and then produces a simulation report with projections of the evolution of 

the marteloscope and associated ecosystem services. 

 



 

 

 

Figure 8: Principle of the Samsara model and of the associated libraries CAT and Economics2 in the software CAPSIS. 

 

 

 

Figure 9: Principle of the R package connecting the I+Trainer field marking tool to the forest stand dynamics simulator Samsara 
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Background and description of the problem  
 

 

Name of FLL:    Soteska 

Country, Region:    Slovenia, Bohinj municipality (Soteska valley), Gorenjska region 

Coordinates:     46.315977, 14.062031 

Main risks:    wind, bark beetle, rockfall 

Characteristics of this area:  Significant proportion of forests with designated protective function 

provide protection against rockfall for the road, railway and bicycle 

path. 

Needs and problems to be     

addressed: Insufficient management of forests with a designated protective 

function has resulted in reduced stand stability and over-aged 

structure without sufficient regeneration. 

 

Goal of FLL:  Optimize management (thinning) in protective forests to improve the 

protective function (prevention and mitigation of landslides, rockfalls, 

erosion etc.) 

 

Case studies, research,  Podjelje, Soteska, Potoġka gora 

 

Test sites:    Karst, Jelovica 

 

Name of the Marteloscope(s):  Soteska, Ġmarna gora 
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Slovenia has a long-standing tradition of sustainable, close-to-nature, forest management. It 

functions on the principle of sustaining or creating suitable (i.e., diverse and mixed) forest 

stands, rejecting monocultures and clear-cutting. It aims to preserve healthy forests, with 

strong ecosystems, while retaining its economic value (ARSO, 2023; Ministrstvo za kulturo, 

2024; Sonaravno gospodarjenje z gozdovié,2024) With this type of management we try to 

mimic natural processes in non-managed forests (e.g. old-growth forest reserves). 

We believe that with this type of management forests are able to develop naturally, providing 

healthy and resistant forest ecosystems and all forest functions including protective function. 

These forests are more resistant to damages, are less susceptible to pests and can recover 

more quickly from natural disturbances (Sonaravno gospodarjenje z gozdovié,2024). 

 

 

Figure 10:  Natural regeneration after natural disturbance (photo: Slovenia Forest Service). 

Slovenia is an Alpine and highly mountainous country. A large share of forests therefore grows 

on extreme sites with steep slopes, which limits their site potential while also determining their 

important role in protecting the soil from various forms of erosion. Such forests are referred to 

as protective forests. 

Protective forests are defined as forests that protect land from landslides, erosion, and rockfall; 

forests on steep slopes or riverbanks; forests exposed to strong winds; forests in torrential 

areas that reduce rapid water runoff and thus protect land from erosion and landslides; forest 

belts that protect forests and land from wind, water, snowdrifts, and avalanches; forests in 

agricultural and peri-urban landscapes with an especially important role in biodiversity 

conservation; and forests at the upper tree line. 

Due to their exceptional importance, protective forests are designated by a government 

regulation ï the Decree on Protective Forests and Forests with Special Purpose. The decree 

was first adopted in 2005 and has since been amended every few years. It defines a specific 

management regime for protective forests and limitations regarding interventions in these 

forests. 

In Slovenia, 98,828 hectares of protective forests have been designated, which represents just 

over 8% of the countryôs total forest area (figure 2, Varovalni gozdovi, n.d.). 



 

 

 

 

Figure 11: Protective forests of Slovenia (red colour) 

 

In Slovenia, 17 forest functions are specified within 3 main groups: social, economic and 

ecological functions. Additionaly to protective forests, there are also two types of protective 

function specified: 

¶ Protective function ï forests provide protection of the forest stand from soil erosion, 

¶ Protective function - forests provide protection of infrastructure (e.g., step areas above 

settlements, roads and railroads (Guļek et al. 2012; Varovalni gozdovi, n.d.). 

 

Protective forests in Slovenia are managed with very low intensity, primarily due to challenging 

terrain, safety risks, and limited economic viability. Despite this, enhancing their protective role 

requires an active and adaptive approach. Forest management must be tailored to harsh site 

conditions and specific local characteristics to maintain long-term forest stability and ensure 

their protective functions are not compromised. 

Management efforts aim to sustain optimal forest structure and function with minimal input, 

through carefully planned interventions such as selective harvesting and, where needed, 

technical measures. However, implementation is often limited by practical obstacles ð 

including uniform stand structure, aging trees, low regeneration, poor accessibility, outdated 

equipment, lack of knowledge and fragmented ownership. 

Silvicultural measures are seldom applied, partly because of a preference for non-intervention 

in protective forests among forestry professionals, lack of knowledge and resistance from the 

public toward visible forestry activities in sensitive areas. Yet, allowing forests to develop 

without management can reduce their resilience and effectiveness in protecting against natural 

hazards. For this reason, protective forests should be actively managed in line with forest 

management plans to uphold their essential ecosystem services (Guļek et al. 2012, Varovalni 

gozdovi, n.d.). 

 



 

 

Introduction of the are a 
 

Due to the specificity of the MOSAIC project, protective forest locations in the Alps were 

considered for the placement of the FLL. Finally, the area of the Bohinj municipality and the 

Soteska protective forests were recognized as suitable sites. 

The Bohinj municipality administrative unit is situated in the Southeast part of the Julian Alps, 

with 66 % of the area belonging to the Triglav National Park and 84 % in the Natura 2000. It 

covers an area of 333.7 km2. The population is relatively low with the density of 16 inhabitants 

per km2, resulting in a prevalent natural landscape (Municipality Bohinj). Due to the pristine 

nature and easy accessibility the area is under a big preassure in terms of visitors, especially 

during the summer. 

Soteska is a valley connecting Bled and Bohinj, with a river Sava Bohinjka, reginal road, railway 

and cycling path running at a bottom. On the both sides there are forests on steep slopes 

designated as protective forests, protecting mainly from rockfall. In the area of Soteska alpine 

and sub-alpine beech forests on steep slopes prevail, big part of the area is Natura 2000 

(Pregledovalnik ZGS). 

The site was also chosen as suitable for a marteloscope due to its multifunctional value and 

its forest type, which is representative of the wider area. The forest serves various important 

roles, including protective functions, biodiversity conservation, aesthetic value, cultural 

heritage preservation, protection of natural features and forest stands, as well as hydrological 

regulation.  

A common problem in the area are spruce forest stands attacked by bark beetles (see the test 

site and Case study Soteska). Other main potential threats in the area are windbreak, erosion, 

torrent waters and rockfall. The natural hazards have a great impact towards the stability of 

the forest stand, whose primary function is protection. Falling trees and rocks tend to reach the 

bottom of the stand, where a railroad and a newly constructed cycling path are located. Both 

are quite frequented by trains, cyclists or hikers. 



 

 

 

 

Current management with protective forests  
 

Protective forests management in Slovenia 

Measures to reduce the negative impacts of natural hazards in protective forests can be 

divided into three groups: 1) silvicultural measures (interventions in the management of these 

forests, such as, thinning, aimed at risk reduction), 2) biotechnical measures (natural base 

solutions: planting tree species for slope stabilization, hydromulching, hydroseeding, ñfaġineò, 

etc.), and 3) technical measures (construction of protection barriers). From both an ecological 

and financial perspective, forest management should aim to ensure the most effective 

protective function of the forest, so that technical measures are only necessary in areas where 

the forestôs protective effect is insufficient (Usmeritve za gospodarjenje in naļrtovanje ukrepov 

é, 2021). 

Figure 12: Protective forests in Soteska valley, photo: Kristina 
Sever 

Figure 4: Protective forest above the railway (Marteloscope 
location), photo: Kristina Sever 



 

 

The goal of managing protective forests is to ensure the sustainable and optimal 

functioning of the forest for protective purposes at minimal costs. 

According to the ñRegulation of protective forests and forests with special purposesò (Uredba 

o varovalnih gozdovih..., 2005), the Slovenian Forest Service (SFS) is required to ensure the 

following: timely regeneration or removal of overmature trees; implementation of small-scale 

selective logging; retention of sufficiently high stumps during tree felling in landslide-prone 

areas and avalanche risk zones; restoration of damaged soils to prevent erosion; removal of 

trees from torrent channels; methods of timber harvesting and extraction should be as specified 

in the forest management plan and finally, prompt execution of all silvicultural activities is 

necessary, to maintain and stabilize the protective functions of the forest.  

In Slovenia, managing protective forests faces challenges such as the common view of 

protection as ñnon-interventionò and difficulties promoting non-profitable management since 

economic benefit is not the main goal. Complex site conditions and associated hazards 

frequently prompt forest owners to refrain from implementing silvicultural interventions, 

resulting in aging forest stands, that progressively weaken their protective functions. Active 

management, supported by new research tools, is essential for maintaining protective 

functions. Economics, technology and communication between forest owners and experts play 

crucial roles. Lack of knowledge and resources prevents execution of necessary biotechnical 

measures, making long-term goals often only theoretical. Climate change adds further 

complexity to forest management of protective forests. 

 

Policy measures for management of protective forests in Slovenia 

The main sources of funding measures in protective forests in Slovenia are: 

1) Common Agricultural Policy - CAP (Skupna kmetijska politika - SKP) - provides 

financial support for prevention of forest damage caused by fires, natural disasters or 

catastrophic events, and restoring damaged forests, as part of Sloveniaôs forestry 

interventions under its CAP Strategic Plan (Forestry explained, n.d.);  

2) Forest fund (Gozdni sklad) - supports conservation activities in Natura 2000 areas 

(also within protective) in private owned forests, including maintaining habitats, 

preserving deadwood and other ecological measures (Natura 2000 Slovenija, n.d.); 

3) State budget of Republic of Slovenia (Proraļun Republike Slovenije) - finances or 

co-finances the cost of silvicultural, protective and wildlife habitat maintenance work, 

as well as forest road maintenance (Zavod za gozdove Slovenie, n.d.); 

4) European projects and cross-border programs ï include funding from initiatives like 

ForestValue2 and Interreg, supporting research, innovation and cross-border 

cooperation in sustainable forest management. 

All the measures mentioned below are 100% financed and implemented, as part of the planned 

works for protective forests and forests in torrential areas, both privately and municipally 

owned. Measures are co-financed from the funds of the Republic of Slovenia state budget and 

labor is charged based on time spent (Navodila za izvajanje del po Pravilniku o financiranjué, 

2009): 

1) Construction of check dams ïcarried out within forest areas located in erosion-prone 

zones; 

2) Anti-erosion protection ï suitable methods include grass seeding, cover crops, scion 

grafting of narrow-leaved willow, covering surfaces with straw and bitumen and 



 

 

covering surfaces with biodegradable fabric materials (regeneration with added grass 

seed); 

3) Felling of heavy trees in protective forests ïmust be written in the forest 

management plan. Trees must be properly marked before felling; 

4) Cutting and anchoring of trees in protective forests ï to ensure safety, in cases 

where the removal of fallen or felled trees in protective forests is not possible. 

 

Living lab method 

The forest living lab (FLL) was established in the Soteska valley, since it is a good example of 

protective forest on steeps slopes protecting road, railway and bicycle path from rockfall. The 

main phases of FLL establishment included: 

(1) Identification of main problems with stakeholders: the first phase involved 

determining the problem through workshops and meetings, where the main challenges 

facing protective forests in the Soteska area were discussed with various stakeholders, 

including: district foresters, silviculturists and planners employed by the Slovenian 

Forest Service (SFS), forest owners, contracting companies, nature conservation 

organizations etc. This collaborative effort served as the foundation for the subsequent 

establishment of the FLL. As one of the main problem, lack of knowledge on protective 

forest management was addressed for various stakeholders. 

 

(2) Data collection and analysis: the second phase focused on gathering and analyzing 

data and knowledge to identify potential solutions to the problem. This was achieved 

through multiple case studies, test and research sites, good and bad practice 

examples, workshops and meetings. The knowledge and information gained from 

these case studies and test sites confirmed the central issue: there is an increasing 

need for knowledge transfer on management of protective forests. These forests in 

Slovenia are presently managed insufficiently, mainly because of the lack of knowledge 

and because of that their protective function is being at risk. Furthermore, the 

educational plot for knowledge transfer named Martelsocope was established and used 

in the area of Soteska and Ġmarna Gora. 

 

 

(3) Implementation of solutions: in the final phase, we synthesized all collected 

information to implement appropriate solutions. Through the activities of the MOSAIC 

project, we aimed to: 

¶ Facilitate knowledge transfer among stakeholders, particularly SFS district 

foresters, forest planners, silviculturists and forest owners; (trainings on 

Marteloscope plots, workshops, educational material). 

¶ Enhance forest management in protective forests across Slovenia, integrating 

nature-based solutions where necessary; providing knowledge on funding 

measures in protective forests (workshops, meetings, educational material). 

¶ Raise awareness about the importance of protective forests and their 

management (educational materials and videos, workshops, events, field 

visits). 

 



 

 

 

Table 2: Key elements of living labs 

 

Multi stakeholder 

participation 
Co-creation 

Active user 

involvement 
Real life setting 

Multimethod 

approach 
Orchestration 

involving stakeholders 

from the quadruple 

helix model 

(government, 

academia, private 

sector, and citizens) 

PPPP: science, policy, 

practice, citizens 

¶ SFS (district 

foresters, forest 

planners, forest 

managers) 

¶ Forest owners 

(Metropolitana -

Church, SidG, 

private ownersé) 

¶ TNP (Triglav 

National Park) 

¶ GG BLED 

(contracting 

company) 

¶ Local residents 

¶ Municipality 

Bohinj 

¶ MGKP (Ministry 

of Agriculture, 

Forestry and 

Food) 

co-created not only 

for but also by all 

relevant 

stakeholders 

How to include them 

in the process? 

¶ SFS foresters 

- main 

stakeholder 

 

 

¶ Integration 

forums 

(innovation): 

workshops, 

meetings, field 

trips, 

Marteloscope 

trainingsé 

a living lab involves 

relevant stakeholders 

'actively' in all relevant 

activities, ensuring 

their feedback is 

captured and 

implemented 

throughout the whole 

lifecycle of the 

innovation 

¶ SFS (district 

foresters, forest 

planners, forest 

managers) 

¶ Forest owners 

¶ General public 

 

a living lab operates in 

the real-life setting of the 

end users, infusing 

innovations into their real 

life instead of moving the 

users to test sites to 

explore the innovations 

Real life setting ï FLL 

Soteska: The current 

development in Soteska 

is the construction of a 

cycling path, which is 

also protected by 

protective forests. These 

forests must be managed 

appropriately to ensure 

they can fulfill their 

protective function. 

Problem driven activities 

ï finding solutions for 

problems 

PROBLEM: reduction of 

protective function due 

to insufficient 

management of 

protective forests  

 

SOLUTIONS: improve 

the knowledge of SFS 

foresters to improve the 

protective function of 

forests through 

appropriate 

management 

METHODS: 

¶ Marteloscope 

(knowledge 

transfer) 

¶ Case studies: 

Soteska, Podjelje 

¶ Test sites: Karst 

¶ Research sites: 

Jelovica, Karst 

The living lab operates as the 

orchestrator within the ecosystem to 

connect and partner up with relevant 

stakeholders 

Orchestration refers to the process of 

coordinating, managing and 

facilitating the activities, interactions, 

and collaborations among all the 

different stakeholders involved in the 

Living Lab. 

Systems for facilitation of protective 

forest management (co-financing) 

We achieved successful orchestration 

throughout the entire process of 

establishing the FLL by actively 

involving stakeholders at each stage. 

Initially, we engaged them in defining 

the core problem through a series of 

workshops. We involved stakeholders 

during the Marteloscope 

establishment, when gathering 

information on test sites and case 

studies. They will be further involved 

in Marteloscopes trainings and in co-

creation of Mosaicôs final outputs ï 

Catalogue of illustrated fact sheets. 



 

 

 

The goal of MOSAIC's forest living lab is to adress recognised challenges and involve 

different stakeholders to start working on sollutions to: 

¶ Ensure regular and integrated management of protective forests for the importance of 

directing the sustainable development of the forest. 

¶ Define forestry measures in protective forests (defining appropriate measures - curative 

measures (e.g. removal of dangerous trees, dead trees along watercourses) and 

preventive measures (implementation of forest tending for stand stability and 

strengthening of protective function). 

¶ Ensure implementation of forestry measures and control (forest opening with forest 

roads, training of professional forestry workers for the safe and correct implementation 

of measures. 

¶ Promote and update the co-financing system. 

¶ Educate and inform forestry and other professionals as well as inform the general 

public. 

¶ Update categorization of protective forests (e.g. protective forests with no 

management, forests where management is necessary). 

¶ Refine the criteria for determining protective forests (e.g. collaboration with other 

professions, use of risk maps). 

¶ Improve inventory methods (introduce minimum standards of forest inventory and 

verification of the effects of implemented measures). 

¶ Include the comprehensive risk management into management of protective forests 

(management of natural hazards). 

 

Stakeholders and knowledge transfer  
 

On the first stakeholder meeting in February 2024, we identified main stakeholders that will be 

included in Soteska FLL, using the method Wenn diagram (Figure 5). In Table 2 the main 

stakeholders are listed and ranked according to their importance or influence (size of the circle) 

and connection to the topic (distance) of management protective forests in Soteska area. 

 

 

Figure 5: Stakeholder identification in relation to maganement of protective forest in Soteska valley 



 

 

 

Table 3:  Stakeholders identified and ranked for the involvement in FLL Soteska 

 

 

 

 

 

Name Group (according to Jems) Role Stakeholder importance (influence)Connection to the topic (distance) Ranking (combination)

Zavod za gozdove Slovenije Infrastructure and (public) service provider Public forest service, forest management plans high high high

.ƛƻǘŜƘƴƛǑƪŀ ŦŀƪǳƭǘŜǘŀΣ hŘŘŜƭŜƪ Ȋŀ ƎƻȊŘŀǊǎǘǾƻHigher education and research organisationsResearch and education high high high

hōőƛƴŀ .ƻƘƛƴƧ ƛƴ .ƭŜŘ Local public authority "users" of protective function in this area high high high

LƴǑǇŜƪǘƻǊŀǘ Ȋŀ ƎƻȊŘŀǊǎǘǾƻ National public authority Forestry control high medium high

LƴǑǇŜƪǘƻǊŀǘ Ȋŀ ƛƴŦǊŀǎǘǊǳƪǘǳǊƻNational public authority Infrastructure control high medium high

bŀŘǑƪƻŦƛƧŀ όƭŀǎǘƴƛƪ ƎƻȊŘŀύ Enterprise, except SME Forest management high high high

{¿ π {ƭƻǾŜƴǎƪŜ ȌŜƭŜȊƴƛŎŜ όƛƴŦǊŀǎǘǊǳƪǘǳǊŀ ŘΦƻΦƻΦύInfrastructure and (public) service provider Railway traffic provider high high high

JZT - Javni zavod za turizem Bohinj Local public authority high low medium

ZRSVN - Zavod republike Slovenije za varstvo narave Sectoral agency Nature conservation medium medium medium

MKGP - Ministrstvo za kmetijstvo gozdarstvo in prehrano National public authority Political decision makers medium medium medium

MOP - Ministrstvo za okolje in prostor National public authority Political decision makers medium medium medium

Lastniki gozdov (celotna skupina) Interest groups including NGOs Forest management high low medium

DRSV - Direkcija Republike Slovenije za vode National public authority Political decision makers high medium medium

VGP - vodnogospodarska podjetja Infrastructure and (public) service provider medium medium medium

[ƻǾǎƪŀ ŘǊǳȌƛƴŀ Interest groups including NGOs game management low high medium

wƛōƛǑƪŜ ŘǊǳȌƛƴŜ Interest groups including NGOs low high medium

TNP - Triglavski narodni park Regional public authority Nature conservation medium medium medium

Izvajalci gozdarskih del (GG Bled) Enterprise, except SME Contractors of forestry works medium low medium

½w{±Y5 π ½ŀǾƻŘ ǊŜǇǳōƭƛƪŜ {ƭƻǾŜƴƛƧŜ Ȋŀ ǾŀǊǎǘǾƻ ƪǳƭǘǳǊƴŜ ŘŜŘƛǑőƛƴŜSectoral agency Cultural heritage conservation medium low low

KGZS - Kmetijsko gozdarska zbornica Slovenije National public authority low low low

{ƛŘƎ π {ƭƻǾŜƴǎƪƛ ŘǊȌŀǾƴƛ ƎƻȊŘƻǾƛ όƭŀǎǘƴƛƪ ƎƻȊŘŀύEnterprise, except SME Forest management low medium low

5htt{ π 5ǊǳǑǘǾƻ Ȋŀ ƻǇŀȊƻǾŀƴƧŜ ƛƴ ǇǊƻǳőŜǾŀƴƧŜ ǇǘƛŎ {ƭƻǾŜƴƛƧŜInterest groups including NGOs nature and bird conservation medium low low

DRSI - Direkcija Republike Slovenije za infrastrukturo National public authority Political decision makers medium low low

ELES - Elektro podjetje Infrastructure and (public) service provider low medium low



 

 

 

Furthermore, different events (workshops, 

meetings, presentations, field trips, educational materialéetc.) were organized within the 

project to include the stakeholders into creation of our FLL. All important events are listed in 

Table 3. 

Table 4 : Mosaic workshops overview 

YEAR 2023 - events  Sta STAKEHOLDERS 

Workshop on protective forests district foresters, silviculturists, SFS 
forest planners, large forest owners, 
contracting companies, nature 
conservation organizations etc 

Workshop: How to manage forests for improvement of protective 
function against the risk of torrent flows and landslides 

professionals from the field of 
forestry and torrent management. 
 

Presentation on Marteloscopes and Mosaic project students of Pedagogic faculty. 

YEAR 2024 - events 

Workshop on Biotechnical measures in forested torrential areas professionals from the field of 
forestry and torrent management. 
 

Identification of stakeholders in forest living lab Soteska  SFS ï regional unit Bled, GG Bled, 
UL, Rejda d.o.o. 

Excursion to Soteska  Danish foresters of Pro Silva and 
forestry students. 
 

Opening of the Marteloscope Ġmarna gora partners of Multipliers project (EFI, 
educational centers and schools 
from project countries). 
 

Workshop on forest protection ï attendance and participation SFI, SFS foresters and other. 

Presentation of the test site and Mosaic project to the Ministry of 
forestry and agriculture  

state secretary. 

Forest movement Europe meeting at Pokljuka nature conservationists. 
 

Presentation of posters ï Close to nature forestry at the event 
Green pulse 

general public. 
 

Pro Silva Slovenia ï the visit of protective forests in mountain 
Poģar 

Pro Silva Slovenia members. 

Lecture on Slovenian forests, forestry and protective forests and 
management of torrential areas 

general public and forestry 
professionals. 

Workshop with Mosaic stakeholders on forestry measures for 
protective forests 

forestry professionals. 
 

Workshop on silvicultural and forest protection measures to 
enhance the protective role of forests in areas susceptible to 
erosion 

field workers in Regional Units. 
 

YEAR 2025 - events 

Training course about torrent supervision in Austria SFS, SFI. 
 

Yuno lectures on topics: social functions of the forest, close-to-
nature forestry and protective forests. 

school children and general public. 
 

Marteloscope training ï management in protective forest project partners. 
 

Workshop on measures in protective forest for Mosaic 
stakeholders ï training in Marteloscope Soteska 

SFS employees. 
 

 

 



 

 

 

Case studies, research, test and demonstration sites for FLL Soteska, 

Slovenia 
 

MARTELOSCOPES ² DEMONSTRATION SITES 
 

Marteloscope Ġmarna gora 

The marteloscope site at Ġmarna gora, Slovenia, was established in 2023 in a privately owned 

forest. It is a beech forest mixed with sessile oak, chestnut and Norway spruce, with a small 

percentage of Scots pine. On an area of 0.2 ha there are 77 trees with the basal area calculated 

32.0 m2/ha, the volume 392,5 m3/ha and the habitat value having 5295 points per hectare. 

More information atout marteloscope Ġmarna gora is available in info sheet: 

http://iplus.efi.int/uploads/SI_InfoSheet_Smarna_gora_en.pdf  

It was primarily established as a learning tool for school children to learn about forests, 

economic value of trees and importance of biodiversity. It is thus located in the proximity of the 

urban centre of Ljubljana in an easily accessible area. Because it is meant to be use by children 

and school teachers is smaller than standard marteloscopes. 

Marteloscopes are used together with the application I+ Trainer where map is displayed 

(Figure 6). Every circle represents a tree, the size indicates the size of the tree and colour 

represents different tree species. At Ġmarna gora, the most frequent is the common beech 

(53.8 %) in purple, followed by the sessile oak (light green) and Scots pine (light blue), both at 

15.9 %. Next is Norway spruce in dark green (13.5 %), while sweet chestnut (black), alpine 

labumum (red), silver fir (dark blue) and rowan (yellow) are all below 1 %. 

The marteloscope has a total of 98 microhabitats. Most frequent are bryophytes, foliose 

lichens, lianas, ferns and mistletoes. 

 

  

CƛƎǳǊŜ сΥ  aŀǇ ƻŦ aŀǊǘŜƭƻǎŎƻǇŜ ~ƳŀǊƴŀ ƎƻǊŀ ƛƴ ǘƘŜ LҌ ¢ǊŀƛƴŜǊ ŀǇǇ 

 

 

 

Figure 7: Presentation of tree 
microhabitats in I+ Trainer 

http://iplus.efi.int/uploads/SI_InfoSheet_Smarna_gora_en.pdf


 

 

 

Marteloscope Soteska 

The marteloscope Soteska was established in 2024. It is a privately owned forest in an area 

with a recognized protective function. It is a Beech-Norway spruce mixed forest, with a small 

percentage of black pine, larch, sycamore maple, Scots pine and European hop-hornbeam. 

On an area of 1.0 ha there are 383 trees with the basal area of 31.9 m2/ha, the volume 338.5 

m3/ha and the habitat value 11828 points per hectare. 

The most frequent tree species in the marteloscope plot (Figure 8) is the common beech at 

56.4 % (in yellow), next is the Norway spruce (light green) at 34.4 %. Black pine (dark green), 

larch (orange) and sycamore maple (red) are present with 5.6 %, 1.8 % and 1.1 %, 

respectively. Scots pine in dark green and European hop-hornbeam in light blue are present 

in less than 1% each. 

There are 777 measured microhabitats in the plot. Proportionally to the area, most frequent 

are trunk and mould cavities and exposed sapwood. The reason could be injuries from falling 

rocks, that are frequent in this area. 

The Soteska marteloscope was established in a protective forest with the aim to provide a 

learning tool on the importance and management of protective forests. Due to the proximity of 

transit ways and high amount of recreational tourist various stakeholders are included, but the 

most important are forestry professionals, to learn how to effectively manage the protective 

forests in term to ensure their protection role. 

More information atout marteloscope Soteska is available in info sheet: 

http://iplus.efi.int/uploads/SI_Soteska_MOSAIC_Project_en.pdf  

 

 
  

Figure 8: Map of Marteloscope Soteska in the I+ Trainer app 

 

 
Figure 9: Training of trainers in 
Marteloscope Soteska 

http://iplus.efi.int/uploads/SI_Soteska_MOSAIC_Project_en.pdf


 

 

 

CASE STUDY AND TEST SITE SOTESKA 
 

Demonstration site Soteska: Sanitary cut in a protective forest (1st location) 

In a protective forest above the state-owned road Bled-Bohinj and the railroad, there were 

small areas of spruce stands that have been attacked by bark beetles. Sanitary felling had not 

been carried out in time, so the attacked trees started to decay. Since these trees were growing 

on a steep slope they started to, forced by strong winds, fall down on the busy road below. The 

natural regeneration was aggravated, because of the shallow ground and lack of sunlight. Due 

to the steepness of the slope, it was decided that the attacked trees were going to be cut down 

and be anchored horizontally on the slope. Additionaly, high stumps were left to protect from 

erosion and falling rocks. At the same time, the decaying biomass is going to be left in the 

stand, which is important for the natural regeneration. By the time those trunks completely 

decay, it is expected that the natural regeneration will be strong enough to take over protection 

against erosion. To ensure soil stabilization the planting of natural tree species was carried 

out. 

 

 

Figure 10: High stumps left in the Soteska protective forest following sanitary felling, photo: Kristina Sever 

 

 



 

 

Demonstration site Soteska: Regeneration after sanitary cut in a protective 

forest (2nd location) 

 

In 2020 the bark beetle outbreak occurred in the spruce 

stand above the main road connecting Bled and Bohinjska 

Bistrica. Although the forest had already been designated 

as protective, no active management had been carried out. 

During the bark beetle outbreak, dead and uprooted trees 

were falling on the road, bringing down stones and debris 

from the forest stand (Figure 11). At that time, there were 

no protective measures in place to prevent such 

occurrences. As a result, the road maintenance service 

had to make frequent visits to remove fallen trees and 

rocks from the road.  

Due to the high risk of falling logs and rocks, a sanitary cut 

was performed with additional protective measures. High 

stumps were left standing at a height of 1.3 meters and the 

felled trees were anchored horizontally on the slope (70Á 

angle on fall line). 

We learned that in directional felling, it is crucial that the 

trees are healthy when you cut them. If they are already in 

a state of decay, directional felling becomes impossible, as 

they may fall unpredictably elsewhere, with the possibility 

to fall onto the road.  

 

Currently, the forest stand is regenerating naturally very 

well, as visible in figure 13. The stumps are still present, 

although they are barely visible due to the growth of 

vegetation. It typically takes around 15 years for such tall 

stumps to decompose, by which time the stand will have fully regenerated. It is important to 

note that after the sanitary felling, the condition of the forest stand improved significantly and 

rocks stopped falling onto the road. This natural-based solution measure is much cheaper in 

comparison to technical measures (e.g. rockfall protection barriers). 

The costs associated with such an operation were also discussed. The district forester marked 

each tree and the direction of felling. Based on this, the additional time required for directional 

felling was calculated, allowing for an estimation of the cost of the intervention. The costs also 

included the temporary closure of the road. During the work, only one lane was closed, which 

cost ú1,500 per week. This cost was borne by the executor. All the costs were subsidized 

100% according to the Slovenian subsidy system. 

 

 

 

 

 

Figure 11: Protective forest after the bark 
beetle attack and before sanitary cut (year 
2023), photo: Stane Kunej 



 

 

 

 

Figure 12: The risk of rockfall before the sanitary cut was high (year 2023), photo: Stane Kunej 
 

 

Figure 13: Successful natural regeneration of the protective forest two years after completed sanitary cut (year 2025), 
photo: Magdalena Cholkova 

 

Demonstration site Soteska: rockfall protection barriers above the cycling path 

Rockfall protection barriers were constructed on critical parts of cycling path, connecting Bled 

and Bohinj, to prevent rockfall. In a viewed location a 20-meter strip of forest was cleared for 

rockfall protection barriers to be installed. The district forester marked trees to be cut and made 

an effort to mark as few trees as possible, in order to preserve the natural protective function 

of forest. Although the forest owner was present on-site with the district forester and they jointly 

marked trees for felling, the owner later claimed that they didnôt agree with the decision. They 

even demanded the removal of the protection barrier that was already established. The marked 



 

 

trees have already been felled and removing the barrier at this point would cause a significant 

risk, as falling rocks could land directly on the cycling path below. This is yet another example 

of poor practice resulting from miscommunication. 

 

 

Figure 14: Rockfall protection barriers above the cycling path in Soteska, photo: Magdalena Cholkova 

 

CASE STUDY PODJELJE 

 
Above the village Podjelje, in the year 2020, a sanitary felling of spruce trees attacked by bark 

beetle had been carried out. In autumn 2022, areas of attack had been discovered again, 

around those same felled areas. The slope is partly opened by forest roads and in some parts 

the harvest needs to be assisted by cable. Sanitary felling was urgent, as the attacked trees 

were growing on a very steep slope, just above the village. There is a big risk of rockfall in this 

area especially during the felling when rocks have potential to roll down the slope and cause 

damage to the houses situated below. As a solution, the municipality Bohinj and the public 

institution Triglav National Park decided to install a temporary barrier consisting of 3 meters-

high larch tree piles firmly anchored into the ground (Figure 17). Rounded wood assortments 

were positioned horizontally along the slope and fixed with a metal wire throughout the whole 

barrier. The purpose of this barrier was to ensure safety, while carrying out the sanitary felling 

and representing protection against the falling rocks in the future, as well as for the vast opened 

area left behind by sanitary felling. 

The forest management in this area is adapted to the role of protective forests. The stands 

need to maintain their structure and stability to provide protection role. The forest roads should 

be constructed where possible; the harvest should be performed in dry weather in order to 

mitigate the risk of erosion. Natural regeneration occurs gradually, and likewise, forest 

management should follow a gradual approach, while the sanitary felling of trees attacked by 

bark beetles (or otherwise damaged) should be carried out in time.  



 

 

 

Figure 15: Protective Forest above the village Podjelje, photo: Slovenia Forest Service 

 

 

  

  

 

Figure 16: High stumps left to protect from 

falling rocks, photo: Slovenia Forest Service 
 

Figure 17:  Temporary barrier consisting of 3 meters-high larch 
tree piles anchored into the ground, photo: Slovenia Forest 
Service 



 

 

 

 

Figure 18: Placing felled trees horizontally on the slope, photo: Slovenia Forest Service 

 

TEST SITE POTO©KA GORA 
 

On March 28, 2022, a rapidly spreading forest fire ignited on the southern slope of Potoġka 

gora near Potoļe, Preddvor, affecting 70.35 hectares of forest. Over 1.400 firefighters and 

aerial support containing 455.000 liters of water battled the fire, which destroyed several 

weekend houses and threatened popular hiking areas. The fire caused significant damage, 

particularly to spruce and beech stands, with 8.354 mį of spruce estimated lost and a high risk 

of bark beetle infestation of damaged trees. Post-fire restoration included sanitary cutting of 

damaged trees in more than 20 hectares. Reforestation plans were made in area covering 44 

hectares with multiple native tree species. The seeds from local trees were collected and are 

now in the process of growing. When the seedlings will be big enough, they will be planted in 

the damaged area.  

The event highlighted the importance of forest roads for fire access and the protective role of 

forests against hazards like rockfall, as confirmed by rockfall modeling in Rockfyor3d showing 

greater risk without forest cover. Urgent wildlife management measures are also needed to 

ensure successful forest regeneration, as browsing by deer and other game affects seedling 

survival (Naļrt sanacije gozdov poġkodovanih v poģarué, 2022; Rozman et al., 2024; 

Ponikvar, 2024). 



 

 

 
 
Figure 19: Post-ŦƛǊŜ ƭŀƴŘǎŎŀǇŜ ƻŦ tƻǘƻǑƪŀ DƻǊŀΣ ȅŜŀǊ нлннΣ ǇƘƻǘƻΥ tǊƛƳƻȌ ~Ŝƴƪ 
 

TEST and RESEARCH SITE KARST  
 

Test and research site: Planting seedlings using hydrogel and mycorrhiza 

 

In March 2024, planting of sessile oaks (Quercus petraea) seedlings was performed in the 

Karst region after a forest fire in 2022. The planting was conducted using different treatments: 

hydrogel with mycorrhiza; only hydrogel; only mycorrhiza and no treatment. Hydrogel, a 

cellulose-based polymer, enhances soil moisture retention by absorbing and holding water, 

thereby promoting seedling growth and reducing the need for frequent watering.  

The main goal of this experiment was to see if there is better surviving rate and faster growth 

of seedlings treated with hydrogel and mycorrhiza. 

Seedling survival and growth were monitored in autumn 2024 and spring 2025, with further 

monitoring planned for autumn 2025. The best results were observed in the plots treated with 

both hydrogel and mycorrhiza, demonstrating that this combination significantly improves 

seedling establishment and growth in post-fire forest restoration (Rantaġa, 2024).  

 



 

 

 

Figure 20: Planting seedlings using hydrogel and mycorrhiza, photo: Gregor Skoberne 

 

Test site: Drone seeding using seed bombs 

Climate change is increasing the frequency of natural disturbances, making forest restoration 

essential, especially in damaged or hard-to-reach areas. In Slovenia, innovative drone 

technology using seed bombs is being tested and applied to restore forests efficiently, 

particularly in challenging terrains, like some areas of the Karst region. This method involves 

precise aerial seeding guided by advanced mapping and AI, enabling rapid planting of native 

species with higher cost efficiency and access to inaccessible sites. Organizations like Project 

O2 have developed specialized seed bombs combining seeds, clay and natural enhancers to 

improve germination and resilience. While drone seeding offers significant benefits in speed, 

scale and precision, challenges remain with seed survival, biodiversity sourcing, technical 

constraints, regulatory issues and uncertain long-term ecosystem outcomes. Ongoing 

monitoring and adaptive management are crucial to ensure the success and sustainability of 

these innovative reforestation efforts (Radenska je z dronié 2024; Obnova gozdové,2024; 

Reforestation by airé,2025; Projekt O2, 2025). 



 

 

 

 
 
Figure 21: Drone seeding with seed bombs, photo: Slovenia Forest Service 
 

 
 
Figure 22: Drones used for seeding, photo: Slovenia Forest Service 



 

 

 
 
Figure 23: Seed bombs used for seeding, photo: Slovenia Forest Service 
 

Research site Karst: regeneration after forest fire in Karst  

The regeneration inventory following the Karst fire involves systematically measuring 

permanent sample plots to monitor forest regeneration and growth of seedlings, alongside 

assessing the presence and coverage of invasive alien plant species. This approach follows 

established guidelines to ensure consistent data collection, enabling effective evaluation of 

forest health and regeneration dynamics. The collected information supports forest 

management decisions aimed at maintaining sustainable and resilient forest ecosystems. In 

2021, permanent sample plots were measured in the area for the purpose of ñForest 

management restoration planò of the Forest Management Unit.  One year later (2022) a forest 

fire caused damage on 2.900 ha of forest. This was an opportunity to remeasure the 

regeneration and see how it is developing after such a big disturbance. In 2023, the first 

regeneration inventory was conducted, and the second measurements are going underway in 

2025 (Guļek et al., 2023). 



 

 

 
 
Figure 24:  Post-fire landscape of Karst area, year 2025, photo: Magdalena Cholkova 
 

 
 
Figure 25: Natural regeneration three years after the Karst fire (year 2025), photo: Magdalena Cholkova 



 

 

 
 
Figure 26: Natural regeneration inventory on one of the research plots of the Karst area (year 2025), photo: Magdalena 
Cholkova 

 

RESEARCH SITE JELOVICA ² regeneration after natural 

disturbances (windbreak)  
 

Natural disturbances play a major role in dynamics of forest structure and composition. In 

close-to-nature silviculture understanding natural succession and regeneration following a 

devastating disturbance is crucial and successful regeneration represents a challenge for 

forest management. In 2006 windstorm damaged 160 ha of pure mature secondary Norway 

spruce (Picea abies) forest stands in the Slovenian Alps, growing on sites with natural 

presence of mixed Fagus sylvatica-Picea abies-Abies alba forests. The dynamics and patterns 

of natural tree species regeneration were examined on 125 ha of totally damaged forest area. 

A systematic grid of 81 permanent sampling plots (100 Ĭ 200 m; 4 Ĭ 4 m each) was established 

and tree species composition, height structure and browsing damages were surveyed; 

consecutive regeneration inventories were realized in 2008, 2017 and 2025 (Bonļina et al., 

2018). 



 

 

 

 

Figure 27: Research site Jelovica 19 years after the windthrow (year 2025), photoΥ 9Ǿŀ 5ǳǑŀƪ 

 

Figure 28: Regeneration inventory on one of the research plots on Jelovica site (year 2025)Σ ǇƘƻǘƻΥ 9Ǿŀ 5ǳǑŀƪ 

 




































































