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INTRODUCTION 

European forests are increasingly exposed to climate change-driven stressors which, in combination with air pollution, severely 
impact ecosystem functioning and tree health, and increase mortality risks. This is particularly the case for forests in the 
Mediterranean region. These pressures threaten not only timber production but also essential ecosystem services such as carbon 
sequestration, water quality, nutrient cycling, biodiversity, and recreation. 

Long-term forest monitoring is indispensable for understanding the effects of global change on forest ecosystems, including their 
resilience to climate extremes and pollution. Over four decades, the interactive effects of air pollution, climate, site, and stand factors 
on forests have been monitored through ground-based investigation by the ICP Forests under the UNECE Air Convention. This 
produced pan-European, harmonized, standardized and centralized long-term data series, enabling scientists, stakeholders, and 
policy makers to assess the status, trends, and functioning of European forests in a changing environment. 

Remote sensing technologies — from close-range to satellites, aerial imagery, and drone-based systems — can enhance the value of 
ground-based data generated as within ICP Forests. Already largely adopted by national forest inventories, the combination of 
remotely sensed data and ground-based observation allows for comprehensive monitoring of forest health, area, and structure and 
may provide proxies for ecosystem functioning over time. In this respect, the ICP Forests plots and data series can be an invaluable 
calibration and ground-truthing asset. Integrating these datasets with Geographic Information Systems (GIS) provides a powerful, 
large-scale overview of forest dynamics. Such an approach helps detect early-warning signals, anticipate future risks, plan 
conservation measures, and evaluate management policies. 

The FORECOMON 2026 Conference will highlight the significance of ground-based long-term forest monitoring and explore the role 
of remote sensing technologies in tackling emerging challenges and opportunities. The event will showcase how ground based as 
well as integrated data can inform future monitoring activities and strengthen the resilience of European forests to meet multiple 
societal needs. Furthermore, the conference will promote the emerging ICP Forests working group on remote sensing. 
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Tuesday, 5th May 2026 

Conference Programme 

Opening  
Moderator: Lars Vesterdal 

08:30 - 08:35  //   Opening of FORECOMON 2026 (Lars Vesterdal) 
08:35 - 08:40  //   Welcome by local organizers (Tamara Jakovljević and Nenad Potočić) 
08:40 - 08:45  //   Welcome by ICP Forests Chair (Marco Ferretti, Nathalie Cools) 

Session 1 – Remote Sensing in Forest Ecosystem Monitoring 
Moderator: Nathalie Cools 

08:50 - 09:20  //   KEYNOTE: Earth observation for forest monitoring - what has been achieved and where are we heading? 
(Cornelius Senf) 

09:20 - 09:30  //   McKenna et al.: Challenges in linking field-measured observations of tree vitality and crown condition from 
operational surveys to Sentinel-2 satellite data  

09:30 - 09:40  //   Schwartz et al.: Dynamic mapping of forest trees across France over the last decade using SPOT 6/7 imagery and 
deep learning algorithms  

09:40 - 09:50  //   Kozamernik et al.: The potential use of remote sensing for mapping and monitoring selected small-scale forest 
habitat types  

09:50 -  10:00 //   Satta et al.: Modelling drought-induced forest dieback in Mediterranean ecosystems 
10:00 - 10:30  //   Coffee break 
10:30 - 11:10  //   Poster pitch, Session 1 (Moderator: Anne-Katrin Prescher) 
11:10 - 11:20  //   Bogdanić et al.: Comparison of physiology and spectral reflectance of pedunculate oak (Quercus robur) on a 

climatic gradient of three ICP Forests Level II plots  
11:20 - 11:30  //   Gonzalez-Cascon et al.: Using multi-temporal Pléiades Neo very high-resolution imagery to monitor disease 

symptoms in Mediterranean Quercus ilex open forests 
11:30 - 11:40  //   Dirnböck et al.: eLTER Sites as long-term, integrated observation platforms for Remote Sensing applications  
11:40 - 11:50  //   Ecke et al.: UAV-based Forest Health Monitoring in Bavaria  
11:50 - 12:00  //   Further questions to all Session 1 speakers  

Session 2 – Forest Ecosystem Monitoring in a Changing World 
Moderator: Vít Srámek 

13:00 - 13:30  //   KEYNOTE: (Re)inventing forest monitoring (Marco Ferretti) 
13:30 - 13:40  //   Bastrup-Birk, Viehweger et al.: Integrating Ground and Remote Sensing Data for Forest Resilience: Pan-European 

Biomass Mapping in Austria, Sweden, and Denmark  
13:40 - 13:50   //  Bose et al.: A microcosm of forest responses: Historic and future physiological drought stress across climatic 

gradients 
13:50 - 14:40  //   Poster pitch, Session 2 (Moderator: Elena Vanguelova) 
14:40 - 15:10  //   Coffee break  
15:10 - 15:20  //   Delhaye et al.: Temporal shift in ectomycorrhizas across Europe 
15:20 - 15:30  //   Verstraeten et al.: Rainfall intensity and diameter determine stemflow volume at the individual tree level 
15:30 - 15:40  //   Gharbi et al.: AnaEE Research Infrastructure: Enhancing Understanding and Resilience of Mediterranean Forest 

Ecosystems in a Changing Climate 
15:40 - 15:50  //   Buksha et al.: Perspectives for Resuming Forest Monitoring under the ICP Forests Programme in Ukraine  
15:50 - 16:00  //   Kirova et al.: Three decades research study of natural soil evolution in an old-growth Norway spruce forest in 

“Parangalitsa” Reserve (1990-2025) 
16:00 - 16:10  //   Further questions to all Session 2 speakers  
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Final Conclusions of the Conference  

16:10 - 16:30  //   Marcus Schaub and Lars Vesteral 

Mentimeter survey  

16:30 - 16:40  //   Mentimeter survey (Moderators: Marcus Schaub and Lars Vesterdal) 

Poster session  

16:40 - 17:45 

Posters Session 1 - Remote Sensing in Forest Ecosystem Monitoring  

1 //   Bertini et al.: Vertical forest structure of ICP Forests Italian plots from Ground Based and Remote Sensing approaches 
2 //   Bratanova-Donchevaet al.: Co-location of the LTER-BG and ICP Forests Level II Network in Bulgaria: a Win-Win Strategy for 

integrating ground - based and remote sensing forest monitoring 
3 //   de Wasseige et al.: CLMS HRL Small Landscape Features 2021 
4 //   Freitas Beyer et al.: Comparing Forest Area Estimates in Germany: Insights from National, European, and Global Datasets 
5 //   Ghafarian et al.: Deforestation risk assessment using long-term VHR imagery and time series analysis 
6 //   Ivanovs et al.: Assessing Aboveground Forest Carbon Stocks in Hemiboreal Forests Using ALS and Remote Sensing 
7 //   Korakaki et al.: Nowcasting Mediterranean forest resilience in Greece through Integrated ecohydrological and remote sensing 

monitoring: the EnhanceForMed project 
8 //   Kranefeld al.: WaldVital: Multispectral cameras for tree vitality assessment 
9 //   Kükenbrink et al.: Multi-temporal laser scanning for forest structural monitoring - are we there yet? 
10 // Leca et al.: Developing the ForestWard Observatory: The ROAKS Project and the Air-Water-Soil-Tree (AWST) Nexus for Oak 

Forest Monitoring 
11 // Rosas et al.: Forest structural development on abandoned agricultural land: insights from drone-borne LiDAR 
12 // Rybár et al.: Continuous tree growth monitoring and adaptability in Carpathian forest ecosystems - a call for research 

cooperation 
13 // Sitková et al.: Satellite-based assessment of forest damage and carbon stocks in the Tatra Mountains 
14 // Štāls et al.: Long-term UAV-based RGB monitoring of tree phenology in a mixed-species forest plantation 
15 // Surjanac et al.: Assessment of the Impact of Wildfire on the Physiological Condition of a Black Pine Stand Using Satellite and 

UAV Multispectral Imagery 
16 // Titeux et al.: Exploring the potential use of RGB pictures from UAV for individual tree crown assessment to complement 

ICP Forests networks 
17 // Viehweger et al.: Collaborative Forest Disturbance Detection in FORbEST: Merging Practitioner Feedback with Machine-

Learning Approaches 
18 // Vilhar et al.: Challenges in Multi-Scale Ecohydrogeological Monitoring of Spatiotemporal Dynamics in Karst Critical Zones 
19 // Visacki et al.: Ground and Remote Sensing Integration for Forest Ecosystem Monitoring: Spatial Matching, Spectral Indices, 

and Machine-Learning Calibration 
20 // Wellpott et al.: Forest Drought Monitor Bavaria – a soil moisture information service for forest 
21 // Zorić et al.: From Mediterranean to Continental: Monitoring Pine Processionary Moth Outbreaks with UAV Thermal Imaging in 

Croatia 
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Posters Session 2 - Forest Ecosystem Monitoring in a Changing World 

22 // Baesso Moura et al.: Ozone flux-based response functions for visible foliar injury and photosynthetic traits in bioindicator 
plants, Viburnum lantana L. 

23 // Bussotti: Chlorophyll fluorescence analysis on ICP Forests Level II plots in Italy and Romania: preliminary results on tree 
vitality assessment 

24 // Butorac et al.: Assessment of water availability in Mediterranean black pine forests 
25 // Carrasco Molina et al.: Phytotoxic Ozone Dose Risk Assessment for Spain’s National Air Pollution Monitoring Network under 

the EU NEC Directive 
26 // Chivulescu et al.: Climate-Driven Forest Vulnerability in Romania: ICP Forests Monitoring Reveals Critical Levels 
27 // De Marco et al.: Evaluating Mediterranean forests of Croatia Responses to Ozone Through Data-Driven Approaches 
28 // Dirnböck et al.: The eLTER Standard Observation’s framework linkage to ICP Forests 
29 // Galić et al.: Soil Moisture Conditions in two Level II Plots in Serbia 
30 // Gartner et al.: Measurement of Highly Sensitive Point Dendrometers in Parallel with Robust Band Dendrometers at Three ICP 

Forests Plots in Austria 
31 // Gimpel et al.: Installation, Setup and Calibration of Point Dendrometers at Austrian ICP Forests Level II Sites 
32 // Gollobich et al.: Acoustic Monitoring of Birds and Bats combined with insect trapping near the ICP Forests Plot 

“Klausenleopoldsdorf” 
33 // Hernickx et al: Nitrogen deposition selects for P-efficient ectomycorrhizas in Europe’s pine forests 
34 // Hoshika et al.: Integrating experimental and field monitoring to assess ozone-induced foliar injury in Mediterranean forests 
35 // Levanič et al.: FORBEECH - enhancing FORest monitoring of BEECH forests in South-East Europe 
36 // Limić et al.: Chemical composition and seasonal variations in rainfall and stream water of a small Mediterranean catchment 

on the eastern Adriatic coast 
37 // Lupescu et al.: Variability and trends of atmospheric deposition, climate conditions, and radial tree growth in Romanian ICP 

Level II Plots 
38 // Pavlendová et al.: More than 30 years of ozone monitoring at the ICP Forests site Poľana – Hukavský Grúň 

39 // Pentjuša et al.: Monitoring changes in the functional diversity of forest roadside vegetation 

40 // Pollastrini et al.: Why Mediterranean forests are vulnerable to climate change 
41 // Püspök et al: Comparing Ground Vegetation and Ellenberg Indicator Values Between ICP Forests Core Sites and Open Land 

Stations in Austria 
42 // Ried et al.: Quantifying Drivers of Root Depth and Distribution in European Forests: Species, Soil, and Climate Effects 
43 // Tričković et al.: Tree Growth Onset and Cessation Changes within the 2010–2024 Period on the ICP Level II Monitoring Plots 

in the Czech Republic 
44 // Ugarković et al.: The Relationship Between Climatic Elements, Drought, and Crown Defoliation in Pubescent Oak and Aleppo 

Pine 
45 // Vilhar et al.: Throughfall dynamics across contrasting vegetation types characterised by high-frequency drop size distribution 
46 // Wambsganß et al.: Belowground strategies under drought: fine roots and mycorrhiza in six tree species 
47 // Žemaitis et al.: Long-term monitoring in coniferous-dominated forest reserve: tree mortality and vegetation dynamics 
48 // Zuševica: Integration of soil health monitoring methods across European regions: insights from the European Soil Mission 

project BIOsevicES



 

Session 1 

Remote Sensing in Forest 
Ecosystem Monitoring 
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Session 1 

Keynote 

Earth observation for forest monitoring - what has been 
achieved and where are we heading?  

Cornelius Senf 

Technical University of Munich, School of Life Sciences, Earth Observation for Ecosystem Management, Munich, 
Germany, Thünen Institute of Forest Ecosystems, Eberswalde, Germany, cornelius.senf@tum.de 

Europe’s forests provide manyfold ecosystem services, yet their capacity to maintain these services is increasingly threatened by 
rising disturbances and increasing demand for wood. Reliable data on disturbance rates and trends are thus needed. Several Earth 
observation-based products have been released in recent years, providing an outstanding source of information on forest change. In 
my talk, I am summarizing the state of the art in Earth observation-based forest monitoring across Europe, with a particular focus on 
large-scale change products. That said, many change products lack proper quantification of accuracies, rendering rates and trends 
derived from them uncertain. I further address this problem by showcasing a new database of forest disturbances for Europe, allowing 
for robust derivation of annual disturbance rates and trends. I close by summarizing current key developments in the field of European 
forest monitoring, and by underscoring the need for consistent, transparent, and independent data for understanding forest change 
in Europe. 
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Session 1 

Oral presentations 

Challenges in linking field-measured observations of 
tree vitality and crown condition from operational 
surveys to Sentinel-2 satellite data  

Amelie McKenna1), Fabian Fassnacht2)3), Nicole Wellbrock1), Nikolai Knapp1) 

1) Thünen Institute of Forest Ecosystems, Eberswalde, Germany, amelie.mckenna@thuenen.de 
2) Institute of Geographical Sciences, Remote Sensing and Geoinformatics, Freie Universität Berlin, Germany  
3) Institute of Geography and Geoecology (IfGG), Karlsruhe Institute of Technology (KIT), Germany 

National and international forest monitoring programmes, such as the Crown Condition survey under ICP Forests, rely on visual crown 
defoliation estimates to track changes in forest health. In Germany, 410 Level I plots on a 16 km × 16 km grid with almost 10,000 
trees are surveyed annually, using crown defoliation as the key vitality indicator. Remote sensing offers spatially explicit and objective 
information on canopy condition, but its operational use is limited by difficulties in linking field observations to pixel-based spectral 
signals. We analyse how crown defoliation from the German Level I network can be related to Sentinel‑2 spectral vegetation indices 
on single tree level.  

Precise positional information was collected for 89 four-point cross-cluster plots using a high-precision GNSS receiver with real-time 
kinematic (RTK) corrections. In total, 2,039 trees were mapped as polar coordinates and measured for diameter at breast height, tree 
height and crown base height. Idealised tree crowns were simulated from species-specific allometric relationships between diameter 
and crown projection area. These crown polygons were intersected with a 10 m Sentinel‑2 grid to derive pixel-level fractional crown 
cover and area-weighted mean defoliation for the dominant tree species in each pixel. Spectral vegetation indices were computed 
from Analysis Ready Data within the FORCE framework using the Higher-Level Processing System for time-series interpolation.  

We fitted linear mixed‑effects models relating defoliation to vegetation indices at different fractional crown‑cover thresholds. Model 
performance (marginal R²) ranged from weak to moderate, with best fits for Douglas fir (R²m = 0.37, Normalized Burn Ratio) and 
moderate fits for Oak spp. (R²m = 0.23, Normalized Difference Moisture Index) at all crown cover. Relationships varied with tree 
species, vegetation index and crown cover threshold. Despite mostly modest effect sizes, harmonized field data and Sentinel‑2 time 
series yielded statistically significant relationships between crown defoliation and vegetation indices. Future work should test more 
flexible models, integrate additional environmental and stand‑structural data, and exploit other remote‑sensing techniques, such as 
airborne laser scanning, to improve crown delineation, stem matching and remote‑sensing‑based estimates of tree vitality.  

 

  



C
O

N
T

A
C

T
S

 
  

 FORECOMON 2026 
 BOOK OF ABSTRACTS 12 

 

Session 1 

Oral presentations 

Dynamic mapping of forest trees across France over the 
last decade using SPOT 6/7 imagery and deep learning 
algorithms 

Martin Schwartz1), Fajwel Fogel1), Philippe Ciais1), Nicola Besic2), Loic 
Landrieux3), Manuel Nicolas4) 

1) Laboratoire des Sciences du Climat et de l’Environnement, LSCE/IPSL, CEA-CNRS-UVSQ, Université Paris Saclay, 
France, martin.schwartz@lsce.ipsl.fr 

2) IGN, Laboratoire d’Inventaire Forestier, France  
3) IGM, Ecole des Ponts, CNRS, UGE 
4) Office national des forêts, département Recherche-développement-innovation, France 

Forests play a key role in climate regulation, yet their capacity to store carbon (C) is increasingly affected by rising mortality, 
management pressures, and climate-driven disturbances. In Europe, where harvest and natural mortality shape most of the 
aboveground forest C balance, the recent decline of the continental C sink highlights the need for spatially explicit and frequently 
updated monitoring tools. Existing satellite products used to track forest disturbances are limited by their coarse resolution, which 
prevents the detection of small events (<100 m²) and restricts any detailed analysis of tree-level mortality. Here we introduce a 
decade-long (2014–2024) mapping of French forest canopy height at 1.5 m resolution. Height predictions are obtained using a 
hierarchical transformer model (PVTv2) trained on SPOT-6/7 imagery with high-resolution airborne laser scanning data from the 
French Lidar HD project as reference. To ensure consistency through space and time and make small disturbance detection possible, 
we apply a co-registration procedure followed by a spatio-temporal denoising of the annual height series. Then we derive yearly 
disturbance polygons from height-loss thresholds and validate them using ALS revisit data across multiple sites through area-based 
metrics (precision, recall, and F1-score). By benchmarking these results against all existing disturbance products available for the 
French territory, we find that our dataset outperforms them on every site, with disturbance detection rates up to one order of 
magnitude higher. We also assess the relevance of our polygons using repeated field measurements from the French NFI and 
RENECOFOR (ICP Forests Level II) plots. This dataset opens up promising opportunities: its very high resolution makes it a useful 
proxy for studying forest management practices, tracking early signals of forest decline or disease spread, and estimating C losses 
related to selective logging or other small-scale disturbances. 
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Session 1 

Oral presentations 

The potential use of remote sensing for mapping and 
monitoring selected small-scale forest habitat types 

Erika Kozamernik1), Anže Martin Pintar1), Blaž Repe2), Lado Kutnar1) 

1) Slovenian Forestry Institute, Slovenia, erika.kozamernik@gozdis.si  
2) Department of Geography, Faculty of Arts, University of Ljubljana, Slovenia 

Habitat types are classifications of environments based on a combination of physical characteristics and the specific plant (and animal) 
communities that inhabit them, providing the resources organisms need to survive and reproduce. The European classification 
includes forest habitat types under the main group “Forest and other wooded land habitat type”, identifying forests by their dominant 
tree species, climate, soil conditions, and location. Mapping and regular monitoring of forest habitats are crucial for biodiversity 
conservation. Traditional field methods are intensive and unsustainable in terms of time and cost for monitoring the spatial and 
temporal dynamics of forest habitats.  

Remote sensing offers an alternative approach to mapping forest habitat types. This study focuses on the potential of remote sensing 
techniques for mapping and monitoring the following small-scale priority forest habitats: I) 9180*: Tilio-Acerion forests of slopes, 
screes, and ravines; II) 91E0*: Alluvial forests with Alnus glutinosa and Fraxinus excelsior (Alno Padion, Alnion incanae, Salicion 
albae); and III) 91D0*: Bog woodland.  

A key aspect of monitoring forest habitat types is determining their spatial distribution. For this purpose, we used a drone to acquire 
multispectral images (in June and October) and conducted laser scanning of the surface (June) in the pilot areas. These datasets serve 
as input for the classification of tree species, which is one of the key distinguishing factors between individual forest habitat types. 
In addition to the presence of dominant tree species, growing conditions are also crucial, which we modeled using national ALS data 
and available soil, lithological, and climatic data. Where conditions for a particular forest habitat type are favourable, we predict its 
potential spatial distribution. Where the dominant tree species overlap with the area of potential distribution, we identify the area 
of actual distribution of the forest habitat type. 

 
References 

Demarchi, L., Kania, A., Ciężkowski, W., Piórkowski, H., Oświecimska-Piasko, Z., Chormański, J., 2020. Recursive feature elimination 
and random forest classification of Natura 2000 grasslands in lowland river valleys of Poland based on airborne hyperspectral and 
LiDAR data fusion. Remote Sens. 12, 1842. https://doi.org/10.3390/rs12111842  

Agrillo, E., Filipponi, F., Pezzarossa, A., Casella, L., Smiraglia, D., Orasi, A., Attorre, F., Taramelli, A., 2021. Earth observation and 
biodiversity big data for forest habitat types classification and mapping. Remote Sensing, 13(7):1231. 
https://doi.org/10.3390/rs13071231  

Iglseder, A., Immitzer, M., Dostálová, A., Kasper, A., Pfeifer. N., Bauerhansl, C., Schöttl, S., Hollaus, M., 2023. The potential of 
combining satellite and airborne remote sensing data for habitat classification and monitoring in forest landscapes. International 
Journal of Applied Earth Observation and Geoinformation, Volume 117. URL: 
https://www.sciencedirect.com/science/article/pii/S1569843222003193 
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Session 1 

Oral presentations 

Modelling drought-induced forest dieback in 
Mediterranean ecosystems 

Gabriele G.A. Satta1), Salvatore Seddaiu2), Filippo Bussotti3), Francesco 
Ripullone4), Martina Pollastrini3), Andrea Lentini1), Michele Colangelo4), 
Eustachio Tarasco5), Agatino Sidoti6), Donato S La Mela Veca7), Bruno 
Scanu1) 

1) Dipartimento di Agraria, Università degli Studi di Sassari, Italy, g.satta8@phd.uniss.it  
2) Servizio della Ricerca per la Sughericoltura e la Selvicoltura, Agris Sardegna, Italy 
3) Dipartimento di Scienze e Tecnologie Agrarie, Alimentari, Ambientali e Forestali (DAGRI), Università degli Studi 

di Firenze, Italy 
4) Dipartimento di Scienze Agrarie, Forestali, Alimentari ed Ambientali, Università di Basilicata, Italy 
5) Dipartimento di Scienze del Suolo della Pianta e degli Alimenti, Università degli Studi di Bari “Aldo Moro” 
6) Regione Siciliana, Dipartimento dello Sviluppo Rurale e Territoriale, Servizio 11 - Servizio per il Territorio di 

Catania, Italia. 
7) Dipartimento Scienze Agrarie, Alimentari e Forestali, Università di Palermo, Italia 

Climate change is increasing the frequency and severity of extreme droughts, amplifying their impact on Mediterranean forest 
ecosystems. Following extensive dieback of holm oak and Mediterranean forests in summer 2024 in Italy (Seddaiu et al., 2025), a 
study was carried out to investigate the environmental drivers and develop predictive models using machine-learning frameworks. 
The research was conducted in Sardinia, the region most severely impacted with 110,000 hectares of forests exhibiting symptoms of 
tree dieback and decline. Two modelling approaches, Random Forest and LogitBoost, were tested by integrating different sets of 
topographic, soil, vegetation, and climatic predictors. To ensure robust estimates under spatial autocorrelation, spatial block cross-
validation with five folds was implemented. Models combining topographic, vegetation, and climatic variables achieved the highest 
overall performance, with LogitBoost outperforming Random Forest. Variable importance analysis of the best model identified the 
12-month Standard Precipitation Index (SPI) as the strongest predictor, underscoring the pivotal role of prolonged drought anomalies 
in driving canopy dieback. Tree cover density emerged as the second most influential variable, followed by topography-related 
patterns. In contrast, the aspect layer contributed negligibly to the model, indicating its limited explanatory value for this 
phenomenon. Models excluding climatic information systematically overestimated dieback susceptibility. Overall, the results show 
that predictive modelling provides an effective and scalable approach for assessing drought-related dieback risk and identify the 
most vulnerable areas. By generating spatially explicit risk maps and anticipating dieback under prolonged drought conditions, this 
framework offers a practical early-warning tool to support targeted monitoring and climate-adaptive forest management. Integrating 
these remotely sensed indicators with systematic field data would further enhance the detection, interpretation, and validation of 
dieback patterns, improving the reliability of large-scale forest health assessments. 

 
References 

Seddaiu, S, PA Ruiu, G Piras, et al. The vulnerability of Mediterranean forests to extreme heat and drought events: the case of Holm 
oak (Quercus ilex L.) dieback in Italy. Forest@ - Rivista di Selvicoltura ed Ecologia Forestale 22, fasc. 1 (2025): 56–65. 
https://doi.org/10.3832/efor4934-022.  
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Session 1 

Oral presentations 

Comparison of physiology and spectral reflectance of 
pedunculate oak (Quercus robur) on a climatic gradient 
of three ICP Forests Level II plots 

Robert Bogdanić1), Tom Levanič2), Srdjan Stojnić3), Vladimir Višacki3), Ivan 
Seletković1), Tamara Jakovljević1), Nikola Zorić1), Mia Marušić1), Valentina 
Lovrić1), Nenad Potočić1) 

1) Croatian Forest Research Institute, Croatia, robertb@sumins.hr  
2) Slovenian Forestry Institute, Slovenia 
3) University of Novi Sad, Institute of Lowland Forestry and Environment, Serbia 

Understanding fine-scale crown condition dynamics in temperate broadleaf forests requires integrating ground-based physiology 
with high-resolution UAV spectral data. Oak lace bug (OLB, Corythucha arcuata) has recently become a major factor influencing oak 
vitality, complicating the interpretation of both remotely sensed and direct physiological measurements. 

We analysed three UAV campaigns (one in 2024, two in 2025) to evaluate seasonal canopy dynamics of pedunculate oak on the 
climatic gradient (three ICP Forests Level II plots - Croatia, Slovenia and Serbia). Multispectral imagery enabled assessment of crown-
level NDVI, while parallel measurements of SPAD, photochemical efficiency (Fv/Fm) and leaf N concentrations served as ground-
based references. All trees were assessed for defoliation following ICP Forests methodology. 

Physiological indicators showed clear seasonal and interannual patterns across all plots. SPAD and Fv/Fm were lower in 
August/September 2024, reflecting strong OLB infestation. In June 2025, higher pigment levels and photochemical efficiency 
reflected higher mid-season physiological activity and lack of OLB damage. Lower values in August/September 2025 match the lower 
OLB damage in comparison with 2024. 

Spectral differences were detected between campaigns and individual crowns. In Croatia and Slovenia, 2025 campaigns were 
characterized by uniformly high NDVI, while in 2024 values were lower. NDVI correlated poorly with physiological metrics, likely due 
to saturation in dense canopies masking biochemical signals. The Serbian plot had stable NDVI across campaigns, and lower seasonal 
contrasts, likely reflecting local site conditions rather than physiological differences. 

Our results show that while crown-level NDVI effectively captures variability and seasonality, it cannot reliably detect moderate 
physiological stress from biotic interactions. Integrating additional vegetation indices and structural metrics is essential for robust 
interpretation of changes in oak vitality within the ICP Forests framework.  
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imagery to monitor disease symptoms in 
Mediterranean Quercus ilex open forests 
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1) National Institute for Agriculture and Food Research and Technology (CN-INIA, CSIC), Madrid, Spain, 
cascon@inia.csic.es  

2) Environmental Remote Sensing and Spectroscopy Laboratory (SpecLab), Spanish National Research Council 
(CSIC), Madrid, Spain 

3) University of Cologne Institute of Geography, GIS and Remote Sensing Group Cologne, Germany 

Water export from forests on Quercus ilex open forests are a relevant forest ecosystem in Spain as they occupy more than 3.000.000 
ha. Quercus ilex is a perennial forest species adapted to the water scarcity and thermal stress of the Mediterranean summers. 
However, climate change has induced in the last decades an increase of Quercus ilex mortality. Before crown defoliation intensifies, 
the leaves suffer physiological changes that modify the foliar ratios of photoprotective pigments. We try to investigate if very high-
resolution satellite imagery is able to capture crown health status by comparing the optical reflectance signal of none declining and 
early declining trees. Pléiades Neo is a satellite constellation with a spatial resolution of 1.2 m that makes very suitable for observing 
isolated tree crown optical responses in open forests. Pléiades Neo images were acquired in summer 2024 and 2025 during the 
thermal and water stress period on a Quercus ilex open forest located in Spain. 12 trees with different visual declining degree were 
monitored and sampled to obtain pigment contents and ratios, leaf area, leaf mass per area and water and nutrient contents. This 
information was correlated with spectral indices of tree crowns identified in the Pleiades Neo images. Vegetation indices indicative 
of plant photosynthetic activity, vigour and structure (NDVI, CIrededge, GNDVI, NIRv, EVI, OSAVI) were used. GNDVI presented the highest 
significant correlations with the variables studied followed by CIrededge and NDVI. The highest significant positive correlations between 
GNDVI were found for the variables leaf mass per area and foliar carbon and magnesium contents. The chlorophyll a+b/carotenoids 
ratio presented a high negative significant correlation indicating an increase in total carotenoids with relation to chlorophylls in the 
leaves of trees with less greenness and vigour capture by the GNDVI index. The authors acknowledge the support of the FORWARDS-
SenSOFOREST and PID2023-151046NB-I00 projects 
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platforms for Remote Sensing applications 
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Remote sensing (RS) tools, such as satellites and airborne sensors, provide broad spatial coverage and consistent temporal data on 
forest structure and function. However, processes such as carbon fluxes, and even more so their drivers, are much less detectable 
directly. This is where ground-based monitoring sites come in. In recent years, the forest science community has called for novel, 
integrated observation networks based on existing ones that allow in-situ measurements to be linked with remote sensing 
approaches (Ferretti et al., 2024). The upcoming European Research Infrastructure eLTER, to which numerous ICP Forests sites 
contribute, is building these integrated sites in forests and other terrestrial and aquatic ecosystems. Here, we will present the eLTER 
Standard Observations principles (Zacharias et al., 2025), and how they extend more traditional measurements in enhancing their 
usefulness for remote sensing applications. 

The Hyytiälä/SMEAR II eLTER Site is a proximal sensing supersite that delivers continuous, state-of-the-art canopy observations, 
revealing ecosystem function in near real time. These include canopy and leaf sun-induced fluorescence and reflectance, drone and 
canopy LiDAR, and thermal radiometry. This data is integrated into European satellite networks, providing essential validation 
information. They are also essential for linking ecosystem processes to global estimates of carbon fluxes. 

Another notable initiative is the EO4VegetationDrought project, which focuses on deriving vegetation drought indicators from multi-
source remote sensing data using the Zöbelboden eLTER Site and others. The project utilizes high-frequency Copernicus observations 
from Sentinel-1 and Sentinel-2, complemented by data from SAOCOM, GEDI, and ICESat-2, as well as terrestrial and airborne LiDAR, 
to build a high-resolution, multi-frequency data cube for advanced drought monitoring. For validation and calibration, in-situ 
measurements include traditional forest inventory data, dendrometer and sapflow observations, as well as flux-tower data capturing 
carbon and water vapor exchanges. 

 

References 

Ferretti, M., Gessler, A., Cools, N., Fleck, S., Guerrieri, R., Jakovljević, T. et al. (2024): Perspectives: Resilient forests need joint forces 
for better inventorying and monitoring. Forest Ecology and Management 561, p. 121875. DOI: 10.1016/j.foreco.2024.121875. 

Zacharias, S., Lumpi, T., Weldon, J., Dirnböck, T., Gaillardet, J., Haase, P., Kühn, I., Vereecken, H., Bäck, J. et al. (2025): Achieving 
harmonized and integrated long-term environmental observation of essential ecosystem variables - eLTER’s Framework of 
Standard Observations. Future Earth, In review.  

  



C
O

N
T

A
C

T
S

 
  

 FORECOMON 2026 
 BOOK OF ABSTRACTS 18 

 

Session 1 

Oral presentations 

UAV-based Forest Health Monitoring in Bavaria 

Simon Ecke1), Jan Dempewolf1), Florian Stehr2), Julian Frey3), Dirk Tiede4), 
Ewald Endres2), Thomas Seifert3), Hans-Joachim Klemmt1)  

1) Bavarian State Institute of Forestry, Germany, simon.ecke@lwf.bayern.de  
2) University of Applied Sciences Weihenstephan-Triesdorf (HSWT), Germany  
3) Chair of Forest Growth and Dendroecology, University of Freiburg, Germany  
4) Department of Geoinformatics – Z_GIS, University of Salzburg, Austria 

Climate change, air pollution and disturbance regimes increasingly threaten forest health, calling for objective and scalable 
monitoring approaches. Our aim is to demonstrate how drone remote sensing with multispectral imagery can strengthen existing 
forest condition monitoring networks such as ICP Forests (UNECE ICP Forests, 2022). We build on a growing multi-year UAV campaign 
in the Bavarian subset of 449 ICP Forests Level I monitoring plots (250–350 plots surveyed per year between 2020 and 2022; 
monitoring ongoing), linking individual crown spectra to national forest condition surveys. We combine results from two recent 
studies in Bavaria (Ecke et al., 2024a,b). Specifically, we (i) jointly classify tree species and crown condition using deep learning on 
crown image clips, achieving an average macro F1-score of 0.61 across 14 combined species–condition classes (up to 0.97 for dead 
trees), and (ii) develop species-specific machine-learning models built on UAV-based multispectral vegetation indices. These models 
yield F1-scores between 0.49 and 0.77 and emphasize the Blue Normalized Difference Vegetation Index (BNDVI) and temporal 
percentiles as key stress indicators. We show that manual individual tree delineation enables robust matching to ground data and 
that UAV-based spectral indicators capture patterns of defoliation and discoloration across major Central European tree species. This 
demonstrates both the operational potential of this approach for future monitoring and the added interpretability gained from 
species-specific models. As a next step, we are integrating UAV-based LiDAR acquisitions to automate individual tree delineation, 
complement spectral information with vertical canopy structure, and further refine the geolocation of inventory points for future 
multi-sensor forest vitality monitoring. 
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Remote sensing technologies, as drone-based systems, can enhance the value of ground-based data generated as within ICP Forests. 
Already largely adopted by national forest inventories, the combination of remotely sensed data and ground-based observation allows 
for comprehensive monitoring of forest health, area, and structure and may provide proxies for ecosystem functioning over time. In 
this respect, the ICP Forests plots and data series can be an invaluable calibration and ground- truthing asset. On the other hand the 
application of Remote Sensing technologies on the same forests network will provide data from a different point of view, to 
complement and integrate data from classical ground monitoring. The Mediterranean Basin is a climate-change hotspot, where 
evident trends of warming have reduced soil moisture, increased drought stress and related dieback (Bussotti et al. 2021). Indeed, 
this region is at risk of experiencing heavy alterations in forest ecosystem structure and composition due to its vulnerability to 
climate. In this frame we are working to the application of a new monitoring scheme (Puletti et al 2024), integrating remote sensing 
approaches into the classical long-term monitoring protocols, concerning ICP forests plots now included in the NEC network. Our 
objective is to characterize forest complexity focusing on vertical forest structures of the ICP Forests IT network. In detail we 
measured forest plots vertical structures by means of LIDAR application (Puletti et al 2024) and by ground-based surveys to make an 
integrated and complementary analysis of the two types of metrics, now ongoing. Results could be useful for a more comprehensive 
understanding of forest resilience (Ehbrecht,et al 2021) in response to climate change; furthermore, we also try to explore the role 
of remote sensing technologies in tackling emerging challenges and opportunities. 
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The increasing pressure of climate change, air pollution and land-use dynamics on forest ecosystems requires robust, long-term and 
multi-scale monitoring frameworks. In Bulgaria, the co-location of sites from the Long-Term Ecosystem Research Network (LTER-BG) 
and the International Cooperative Programme on Assessment and Monitoring of Air Pollution Effects on Forests (ICP Forests) provides 
a great opportunity to strengthen evidence-based assessments of forest condition and resilience. Ground-based observations from 
both networks already capture key signals of stress, including shifts in forest productivity, nutrient imbalances and changes in 
hydrological responses. These data offer an essential baseline for understanding both current and emerging pressures on forest 
functions and services.  

Building on this foundation, the integration of remote sensing approaches opens new pathways toward more comprehensive and 
scalable monitoring schemes. The combined use of in-situ measurements and satellite- or drone-based observations improves the 
detection of structural changes, disturbance dynamics and trends in canopy condition. This co-located infrastructure enables 
calibration and validation of remote sensing products, supporting the development of innovative indicators for forest resilience. 

However, several challenges remain, including harmonization of protocols, ensuring temporal consistency across datasets and 
addressing the technical requirements for interoperability. Despite these limitations, the co-location strategy offers substantial 
benefits for designing resilient forest monitoring systems. It strengthens national capacity, enhances data comparability across 
Europe and provides a model for integrating long-term ecosystem research with operational monitoring frameworks. 
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The side The Copernicus Land Monitoring Services High Resolution Layer Small Landscape Features 2021 is the newest iteration of 
HRL Small Woody Features.  

Product key Features: 

(1) Woody Vegetation Layer: A map providing information about the presence or absence of trees of any type across Europe. 
Contrary to previous HRL SWF products, this product is a “all tree layer” without any masking or geometric rules applied. 

(2) Small Woody Features: Derived from Woody Vegetation Layer, this dataset identifies outside forest the small woody features 
based on their morphological specifications. 

(3) Street Tree Layer: Derived from Woody Vegetation Layer and CLMS Urban Atlas 2021, this dataset categorizes woody 
vegetation within urban areas. 

(4) Change Detection: A map identifying increase of decrease of small woody features between 2018 and 2021. 

This CLMS product provides accurate, detailed data for environmental research, landscape management, and policymaking. It is useful 
for monitoring biodiversity and climate change impacts. This product also supports reports required by international organizations, 
including the United Nations and the European Union. Derived from state of the art IA-enhanced workflow (Bastani et al, 2023) for 
Earth Observation analysis through a supervised approach based on high quality training dataset (Chen, 2022), this product is openly 
available to a wide range of users and can be used for research, policy reporting, and practical landscape management tasks, like 
planning conservation efforts or protecting small woody features from degradation (Golicz et al, 2021). 
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Droughts are a Accurate forest delineation is essential for assessing ecosystem dynamics, guiding sustainable land management, and 
informing climate and conservation policies, as demonstrated by its role in ensuring compliance with the EU Regulation on 
Deforestation-free Products (EUDR). Within this broader framework, Earth Observation systems constitute a robust means of achieving 
these objectives by enabling systematic and transparent monitoring of forest ecosystems. However, the availability of multiple forest 
datasets across Europe, each based on distinct definitions, spatial scales, and temporal references, makes it difficult to determine 
which source provides the most reliable information for decision-making.  

This study analyses the spatial and categorical discrepancies between several forest datasets for Germany, including the 
Holzbodenkarte 2018 (HBK2018), the European Land Cover Map 2018 (ELC2018), and nine global forest datasets (after Freitas Beyer 
et al., 2025). Each dataset reflects a particular understanding of “forest”, ranging from the nationally grounded and legally stringent 
Federal Forest Act (in German: Bundeswaldgesetz - BWaldG) definition to land cover approaches derived from the globally applied 
FAO forest concept and used in continental and global mapping initiatives. 

The results reveal substantial deviations between these datasets and established national and global statistical references. HBK2018 
reports a smaller forest extent than the third National Forest Inventory (BWI3) and FRA2020, consistent with its more restrictive 
classification approach, whereas ELC2018 yields larger estimates due to its broader land-cover definitions. When the datasets are 
intersected, however, the resulting composite product aligns closely with these reference statistics, reducing overall deviation. 

These findings highlight the importance of combining multiple geospatial products to refine forest area estimates and reduce 
uncertainty. The proposed workflow demonstrates how integrating global, regional, and national datasets can improve consistency 
in forest monitoring, support transparent reporting, and strengthen the analytical foundation for policy implementation across 
Germany and Europe. 
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The Regulation (EU) 2023/1115 on deforestation-free products (EUDR) stands as a pivotal policy emerging from the European Green 
Deal, designed to avoid that commodities consumed in the European Union do contribute to deforestation or forest degradation. The 
regulation covers seven key commodities and their derivatives. EU companies that source and trade these products must demonstrate 
that their production has not led to deforestation, and competent authorities must control this.  

In the special case of agroforestry systems, such as coffee and cocoa, where forest canopy and agricultural cultivation coexist, 
challenges arise for deforestation monitoring. In such mixed land-use it becomes essential to use Earth-observation data to assess 
whether an area constitutes forest, agroforestry, or an agricultural system that is encroaching into adjacent forest. Therefore, we 
investigate land-cover change monitoring in a coffee-producing region of Mexico, Huautla de Jiménez, where shade-grown coffee 
plantations are embedded within dense cloud forests. 

We propose a remote-sensing workflow to operationalize EUDR risk assessment for agroforestry-based commodities. The framework 
integrates very high-resolution (VHR) imagery for spatial verification, in which the submitted geolocations are cross-validated against 
the harmonised forest-cover masks derived from Freitas Beyer et al. (2025). Upon confirmation of forest cover, we perform a temporal 
deforestation-risk assessment by analysing tree-cover dynamics through multi-temporal Earth-observation time-series. 

We present the outcomes of the workflow, assessing both the benefits and limitations of leveraging existing remote‐sensing datasets 
and cloud-based platforms. Given the limited availability of reliable ground-truth data for further verification, the proposed approach 
aims to support the EU’s ambition for deforestation-free supply chains by offering a scalable and transparent pathway to integrating 
Earth observation technologies into environmental governance and global commodity monitoring frameworks. 
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Accurate mapping of aboveground forest carbon is essential for climate change mitigation, sustainable forest management, and 
carbon accounting. This research generated high-resolution, national-scale maps of aboveground carbon stocks in Latvia by 
integrating field data with remote sensing techniques. The objectives were to classify forested areas and dominant tree species, and 
to model aboveground carbon stocks using data from two national Airborne Laser Scanning (ALS) campaigns and Sentinel-2 imagery. 
Forest masks and dominant species maps were produced using xgbTree machine learning models trained on 24,134 forest/non-forest 
and 6,194 species-level sample points derived from National Forest Inventory (NFI) plots and forest compartment data. Sentinel-2 
mosaics from spring, summer, and autumn 2024, along with topographic and environmental indices, served as predictors. 
Aboveground carbon models were trained on 4,644 NFI plots combined with ALS-derived canopy height metrics, including mean 
height, RMSE, and 70th to 80th percentiles. The forest masks achieved 95% overall accuracy (Kappa 0.92), while species classification 
reached 84% accuracy (Kappa 0.81), with the highest precision observed for Scots pine, spruce, and young stands. Aboveground 
carbon modelling using the first ALS campaign (2013–2019) yielded robust predictions (R² = 0.80; RMSE = 18.7 t ha⁻¹; MAE = 12.9 t 
ha⁻¹). In contrast, models based on the partial second ALS campaign (2022) exhibited lower performance (R² = 0.59; RMSE = 54.45 t 
ha⁻¹; MAE = 40.01 t ha⁻¹), indicating the impact of incomplete coverage and acquisition differences. Our findings demonstrate that 
ALS-derived canopy structure, when combined with machine learning, offers an effective framework for large-scale aboveground 
carbon mapping and emphasize the importance of consistent, repeated ALS acquisitions for national carbon monitoring. 
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Mediterranean regions face intensifying droughts and heatwaves, with major ecological, societal, and economic consequences. 
Greece, recognised as both a biodiversity and climate change hotspot, is particularly vulnerable, as forest ecosystems are increasingly 
threatened by rising temperatures, reduced precipitation, and prolonged droughts. Understanding how typical mediterranean forest 
ecosystems respond to climate change is essential for advancing their resilience and promoting sustainable, nature-based 
management. The EnhanceForMed project aims to nowcast the health and resilience of representative forests in Greece by integrating 
ground-based ecohydrological monitoring with UAV and satellite remote sensing techniques. Four strategic sites have been selected, 
three ICP Forests Level II plots (Evrytania, Varetada, Ossa) and one eLTER site (Sani), dominated by Abies-borisii regis, Quercus ilex, 
Quercus frainetto and Pinus halepensis, respectively. In addition to established monitoring parameters (e.g., soil traits, litterfall 
biomass and decomposition, crown condition, carbon stocks and fluxes, meteorological conditions), within the project we also 
monitor below canopy microclimate, tree growth and tree water deficit, using state-of-the-art equipment (e.g., point dendrometers, 
soil water tension and temperature sensors). Furthermore, high-resolution 3D forest structure is mapped at each site through UAV-
based LiDAR surveys complemented by satellite remote sensing products. The coupling of these innovative approaches, implemented 
for the first time in forest ecosystems in Greece, enables a comprehensive and standardised ecohydrological monitoring. Ultimately, 
the EnhanceForMed project aims to providing a robust framework for nowcasting Mediterranean forest ecosystem health and 
resilience under global change. 
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Climate change is increasingly contributing to tree damage and mortality in European forests. Continuous, objective, and efficient 
monitoring is therefore essential to assess the health of forests and support adaptive management strategies. In Germany, monitoring 
of forest health is based on assessments by trained foresters who subjectively examine sample trees once a year. Remote sensing 
offers new opportunities for objective assessment of forest health. In particular, multispectral data collected by drones enable flexible 
surveys of forest damage. 

We compared the results of vitality assessments of single trees in two forest types: a) old-growth forest b) reforestation sites that 
were cleared after bark beetle infestation and replanted with more climate-resistant tree species. We used a Micasense Rededge MX 
mounted on a DJI M300 RTK for data acquisition. 

We collected data on two Level II plots and two reforestation areas near Freiburg in Baden-Württemberg, Germany. To assign the 
data to individual trees, we manually digitized single tree crown outlines using orthomosaics and extracted the mean pixel values of 
28 features per tree. To reduce noise, we filtered the pixels using a shadow mask and a CHM. We then selected the most suitable 
features by analyzing their spectral profiles for five health classes from 0 (vital) to 4 (dead). To evaluate the results, we used the 
Kolmogorov-Smirnov test (KS test) and the Bhattacharyya coefficient (BC). 

The experiments show that filtering with a shadow mask and a CHM has no significant influence on separability. The results show 
that adjacent health classes cannot be clearly separated from each other on the Level II plots, but there are significant differences 
between classes 0–2, 1–3, and 2–4. At the reforestation sites, only class 3 (severely damaged) can be separated from the other 
classes. Class 4 trees are too small for pixel extraction at this age. Overall, the feature importance for separability varies between 
the sites. 
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Forest structure plays a vital role in ecological processes and ecosystem functioning. Consequently, assessing and monitoring forest 
structure is essential for understanding forest dynamics and functioning in the face of climate change and biodiversity pressures 
(Ehbrecht et al. 2021).  

Laser scanning technologies have become an important tool for quantifying forest structure at a high level of detail and accuracy 
(Liang et al. 2022). Its potential to assess forest structural attributes from a single acquisition has frequently been proven. However, 
assessing changes in structural composition over time through repeated laser scanning acquisition remains a challenge. Alteration 
in sensor, acquisition strategy, operator or environmental conditions can have a significant impact on the capacity of repeated laser 
scanning acquisitions to inform about changes in forest structural composition.  

In this contribution we evaluate the capacity of mobile laser scanning (MLS) to inform on forest structural dynamics through repeated 
acquisitions over a full phenological cycle of multiple years. Repeated MLS acquisitions on four sample plots in a mixed temperate 
forest close to Zurich, Switzerland were performed. The sample plots have a size of 50 x 50 m, corresponding to the Swiss National 
Forest Inventory plot size. From the acquired time series, forest structural dynamics were analysed in terms of changes in vegetation 
density (i.e. plant area density), canopy height, occlusion, canopy complexity (stand structural complexity index SSCI), tree detection 
and DBH estimation performance.  

Initial results show that repeated MLS acquisitions are well suited to assess small scale variations in 3D forest structure. However, 
variations in occlusion patterns over time need to be accounted for. Changes in used sensors and acquisition strategy can introduce 
significant uncertainties in derived structural changes and should therefore be considered when setting up a monitoring framework. 
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Climate change is intensifying droughts, heatwaves, pest outbreaks, and other disturbances that threaten European oak forests, 
requiring integrated and temporally dense monitoring approaches. Within the FORWARDS initiative (https://forwards-project.eu/), 
the ROAKS project contributes to prototyping the ForestWard Observatory by developing and testing an Air-Water-Soil-Tree (AWST) 
Nexus monitoring framework in Central-Eastern European oak ecosystems. The project aims to improve the near-real-time detection 
of stress, enhance understanding of forest responses to climatic drivers, and support climate-smart forest management and 
restoration planning. ROAKS has established two ICP Forests Level II candidate supersites and four supporting sites. At these 
locations, we combine harmonized, long-term field observations with both close-range and satellite remote sensing. The 
methodology includes continuous meteorological data, soil moisture and temperature tracking, and high-resolution stem growth 
measurements (dendrometers), complemented by annual assessments of crown condition and foliar nutrition. Advanced techniques 
like terrestrial laser scanning, UAV multispectral imaging, and the integration of structural and physiological indicators are also 
employed. All collected data are rigorously standardized, processed, and integrated into a spatial database, which supports the 
development of stress nowcasting algorithms tailored specifically to regional oak forest conditions.Preliminary findings confirm the 
AWST Nexus’s capacity to capture fine-scale temporal dynamics in tree water deficit, accurately identifying stress patterns related to 
drought and heat. More results will be presented. By enabling near-real-time forest condition assessment and scalable spatial 
extrapolation, ROAKS will significantly strengthen the scientific basis for European forest resilience monitoring and will deliver 
essential, actionable data streams to the ForestWard Observatory. 
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agricultural land: insights from drone-borne LiDAR 
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4) Department of Food and Resource Economics (IFRO), University of Copenhagen, Denmark 

Naturally colonized areas on abandoned agricultural land are increasingly recognized as an ecologically relevant pathway for forest 
recovery, yet the development of their forest structure remains poorly quantified in comparison with managed plantations and long-
established forests. In this study, we assess the development of forest structures in naturally colonized areas and compare their 
vertical and horizontal complexity with forest plantations and old-growth stands. Using drone-borne LiDAR data acquired during 
summer 2024 and 2025 in Denmark, we analyze forest structure across a broad gradient of stand ages (11 to 195 years) based on 32 
plots, focusing on the distribution of canopy height classes and on LiDAR-derived metrics describing vertical variability and horizontal 
heterogeneity. Our results reveal pronounced differences in forest structural development trajectories. Plantations are characterized 
by a rapid dominance of upper canopy layers and relatively low internal structural variability, whereas old forests combine high 
canopy cover with high vertical and horizontal complexity. Naturally colonized areas follow distinct age-related trajectories, showing 
a more gradual redistribution of vegetation across height classes and maintaining higher vertical and horizontal internal variability 
than plantations under similar canopy cover conditions. With increasing age, naturally colonized areas partially converge towards 
old-forest structural characteristics, although important differences persist. These findings highlight the capacity of natural 
colonization to promote structural complexity over time and provide quantitative evidence relevant for forest management and 
restoration strategies. 
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Carpathian forests represent one of the largest carbon pools in Europe and play a key role in climate regulation, biodiversity 
conservation, and timber production. Yet recent research and long-term monitoring reveal increasing vulnerability of dominant tree 
species to drought, heatwaves, and pest outbreaks. These pressures already cause reduced growth, higher mortality, and a decline in 
overall forest vitality. Although adaptation efforts focus mainly on dominant species, a major knowledge gap remains in 
understanding the adaptive capacity of minor and less-studied species, which may be crucial for future forest resilience and for 
replacing declining species. Our project (DendroResponse) addresses this gap by establishing a network of intensive, high-resolution, 
near-real-time growth-monitoring plots across key forest types in the Western Carpathians. We focus on several minor species such 
as Acer, Fraxinus and Larix, while also including major species as reference. The project builds on ICP Forests Level I and Level II 
networks in Slovakia, allowing us to use detailed site information such as soil properties, Individual tree-growth history, defoliation, 
and pollution indicators to enhance possibilities for robust ecological interpretation. We combine continuous growth sensor data 
(band dendrometers) with on-site field measurements focused on stand parameters, as well as dendrochronological methods to 
analyse growth dynamics, climate sensitivity, and legacy effects across species. All plots will be georeferenced at the individual-tree 
level, enabling potential collaboration with remote-sensing studies linking ground-based growth data with satellite indicators of 
forest vitality and increment. Ultimately, the main aim of the project is to improve understanding of species-specific adaptation 
potential and to support evidence-based recommendations for forest management under a changing climate. 
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carbon stocks in the Tatra Mountains 
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The aim of the study was to assess temporal and spatial changes in post-disaster forest dynamics in the Tatra Mountains and to 
quantify carbon stocks in above-ground biomass over the period 2007–2023. To analyze forest damage, a time series of satellite 
images was used, including Landsat imagery with a 30 m spatial resolution from 2000, 2003, 2006–2007, 2009–2013, and 2015, 
as well as Sentinel-2 imagery with a 10 m resolution from 2016 to 2023 (Barka et al. 2018). For estimating increments in carbon 
stocks in living biomass, data on tree species composition, age, mean diameter and height, stand structure, and quality were derived 
from current and historical forest management plans spanning two decades (2007–2016 and 2017–2026). To derive losses of living 
biomass, data on forest harvesting from the forest management evidence were analyzed, structured according to the stand, tree 
species and year. Carbon stock calculations were based on growth models and allometric relationships (Petráš & Pajtík 1991). 
Satellite images contributed to refining the localization of forest harvesting and enabled a more accurate map of carbon stocks in 
living biomass within the studied area. The results for the examined areas in the Tatra Mts. (Tatranská Javorina & Podspády) showed 
that the average per-hectare stock in forested areas, corrected using satellite imagery, is 31.6 t C/ha, compared to 27.2 t C/ha based 
on forest management data. These relatively low values highlight the significant impact of forest disturbances in the study area. 
Since allometric equations for dwarf pine stands are unavailable, a separate relationship between biomass per 1 m² and stand height 
of continuous dwarf pine stands was derived, based on the published data (Špinlerová 2015). This quantification method suggested 
relatively high carbon stocks in dwarf pine (up to 70 t C/ha), though further research is needed to refine these estimates. The study 
was supported by the projects Forecall (APVV-20-0365), Woodymass (APVV-20-0215), Geomon (APVV-19-0257) DendroResponse 
(VV-MVP-24-0340), and TreeAdapt, funded by the Ministry of Agriculture and Rural Development of the Slovak Republic (08V0301). 
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In this research we focus on a long-term analysis of tree phenology in a 10 ha mixed-species plantation in central Latvia, established 
on former agricultural land. The stand includes hybrid alder (Alnus incana × glutinosa), black alder (A. glutinosa), grey alder (A. incana), 
hybrid aspen (Populus tremula × P. tremuloides) and birch (Betula spp.). Previous research at this site has characterized growth, 
nutrient cycling, and fertilization effects (Makovskis, K. et al. 2023; Štāls, T.A. et al. 2023). 

Between April 2020 and November 2025, we collected 72 monthly UAV-based RGB orthophotos, capturing six complete vegetation 
seasons. The dataset enables the reconstruction of canopy phenology using simple greenness metrics derived solely from RGB 
imagery, such as the Green Chromatic Coordinate (GCC = G / (R + G + B)) and Excess Green index (ExG = 2×G – R – B). Species-level 
time series are generated through extraction of relative greenness indices to determine key phenological phases, including the onset 
of greening, peak canopy development and onset of senescence. 

Meteorological data from a climate station adjacent to the site allow assessment of interannual variability and potential climatic 
drivers of phenological shifts. Additionally, winter orthophotos serve to characterize baseline canopy structure and reflectance when 
the vegetation is dormant. 

This study demonstrates a practical, low-cost approach for long-term phenology monitoring using widely available RGB drone 
imagery. The method provides an accessible alternative to multispectral systems and offers potential for integration into broader 
forest monitoring frameworks. Although monthly sampling may not resolve very rapid phenological events, the long-term series 
enables robust trend detection. 
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Forest fires represent one of the most significant drivers of forest ecosystem degradation, causing long-term impacts on forest vitality, 
stability, and safety. This paper presents the application of an integrated remote sensing approach for assessing the extent of tree 
dieback and physiological damage in an artificially established black pine [Pinus nigra J.F. Arnold.] stand affected by a wildfire that 
occurred in August 2024, within the Forest Administration (FA) Bujanovac, forest management unit Rujan. The study integrates 
Sentinel-2 satellite imagery acquired before and immediately after the fire with high-resolution RGB and calibrated multispectral 
data collected by an unmanned aerial system in May 2025. Photogrammetric processing resulted in high-resolution RGB and 
multispectral orthomosaics (up to 2.5 cm/pix), which were further analyzed using object-based image analysis (OBIA) and GIS 
techniques. Particular emphasis was placed on the analysis of the NDRE vegetation index as an indicator of physiological activity and 
chlorophyll content in mature trees. The results reveal a clear spatial differentiation between areas with completely dead trees, trees 
undergoing dieback, and trees with apparently preserved but reduced physiological activity. The analysis demonstrates that the 
impact of the wildfire is more extensive and severe than can be detected through visual field inspection alone, indicating an increased 
risk of secondary infestations and further stand decline. The presented methodology confirms the strong potential of unmanned 
aerial systems and multispectral remote sensing for operational forest health monitoring and decision-support in post-fire forest 
management. 
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Ground assessment of crown condition in the frame of the ICP Forests monitoring network provides key information on the evolution 
of tree health and their drivers. In Wallonia (south Belgium), the number of plots is currently insufficient to encompass the diversity 
of site conditions, limiting our understanding of the drivers behind the variability in tree vitality. While extending the network should 
require a substantial increase of staff and budget, the use of images obtained by drone could be an effective solution for ”quick” 
characterization of trees in additional plots. Those images could be either visually analysed by field staff after the overloaded summer 
assessment period or, by automatic treatment, such as colour classification or machine learning. Here, we investigated the relations 
between crown condition parameters assessed from the ground (cf. ICP Forests Manual) and visually observed on drone pictures. We 
focused on Beech (Fagus sylvatica) et native Oaks (Quercus robur and Q. petraea), the main broadleaved species of Belgium. 

In a mixed Beech-Oak forest at Habay-la-Neuve (Belgium), we selected 153 trees (112 Beech and 41 Oaks) with a good visibility from 
the ground, representing a large range of crown conditions. They were characterised from the ground at the end of July 2025 for 
defoliation, dead branches (detailed percentages), damages affecting leaves, fruits, apical shoot architecture and epicormics. During 
the same period, pictures of each tree were taken using a drone with RGB camera (h = 50 m, gimble = -90°). 

The defoliation assessed on drone images was highly correlated to the values assessed from the ground (r2 = 0.80 for oak and 0.72 
for beech). For the percentage of dead branches (cf symptom 14 from ICP Forests Manual, but expressed as continuous variable), the 
correlation was even higher (r2 = 0.90 for oak and 0.87 for beech). After analysing results for other parameters, we will explore the 
possibilities of automatic evaluation. 
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The FORbEST project advances large-scale identification and monitoring of Europe’s carbon-rich and biodiverse forests by integrating 
innovative biological and remote-sensing approaches. Newly emerging biodiversity biomarkers, including environmental DNA and 
autonomous bioacoustic recorders, enable precise localisation of ecologically valuable forest stands at larger scales. Once identified, 
these forests require continuous disturbance surveillance to safeguard their ecological functions. FORbEST addresses this need by 
employing dense Sentinel-2 time-series to detect canopy-level changes (Puhm et al. 2020) and classify disturbance agents such as 
logging, bark-beetle outbreaks, windthrow, and wildfire. A key element of the project is the Living Lab framework, which fosters 
ongoing collaboration with forest owners across Europe. Through this co-creation process, practitioners validate disturbance outputs 
in near real time, ensuring that model predictions align with field realities while providing essential feedback to refine system 
performance. 

In this contribution, we present and compare two complementary approaches to disturbance-agent classification. The first relies on 
pixel-level spectral trajectories analysed with a LightGBM decision-tree ensemble, optimised for efficiency and interpretability at 
scale. The second adopts an object-based perspective, using image chips and a ResNet architecture to capture spatial context and 
structural clues that are often critical for distinguishing specific disturbance processes. The results of the work showed, that the pixel 
based approach has good power to differentiate clear cuts, wildfire and bark beetle areas, but is less accurate with windthrow and 
salvage logged areas. The chip based approach using deep learning is more capabable to also correctly classify windthrow areas, 
however a major hurdle is still the availability of high quality ground truth data at a large scale (Rodriguez Paulino et al. 2024). 
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Contemporary environmental concerns underscore the vulnerability of karst environments to changing hydrometeorological patterns 
and disturbances in vegetation cover, necessitating a harmonised ecohydrogeological monitoring approach tailored specifically for 
Karst Critical Zones. This study presents an innovative, integrated, multi-scale ecohydrogeological monitoring approach to decipher 
flow dynamics and propose customised data collection strategies in forested karst aquifers. The study demonstrates the strengths of 
spatial and temporal coverage across the spheres of Karst Critical Zones spheres (atmosphere – biosphere – geosphere – 
hydrosphere) and highlights the value of interdisciplinary collaboration. Refined monitoring and sampling approaches, using 
strategically selected sites to ensure representativeness in heterogeneous environments are presented. The focus is on enhanced 
precipitation monitoring systems to expand sampling areas nearly fivefold and improve measurements of wet atmospheric 
deposition. In addition, customised lysimeter techniques for karst soil solution and microscale adaptations for cave exploration have 
been developed. These designs address the challenges of appropriate instrument placement in environments with significant 
hydrological variability. Further opportunities include improving instrument protection, integrating sensor networks, combining 
remote sensing, and scaling from plot to aquifer level. However, challenges remain in achieving spatial and temporal 
representativeness and ensuring operational reliability of snow monitoring, soil solution sampling, and measurement of drip flow 
rates. Threats include environmental pressures, hydrometeorological conditions, equipment tampering, and funding stability. 
Nevertheless, this comprehensive approach enchances monitoring of ecohydrogeological processes at the atmosphere – biosphere – 
geosphere – hydrosphere interface and promotes interdisciplinary collaboration and environmental resource management. 
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Ecosystem Monitoring: Spatial Matching, Spectral 
Indices, and Machine-Learning Calibration 
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Poljakovic Pajnik, Marko Ilic, Nikola Perendija, Milutin Djilas, Velisav 
Karaklic, Sasa Orlovic 

Institute for lowland forestry and environment, Serbia, vladimir.visacki@uns.ac.rs 

Long-term forest monitoring is essential for understanding ecosystem stability under increasing climate pressure. This study 
integrates ICP Forests ground-based indicators—defoliation, crown transparency and visibility, crown shape, spacing, secondary 
shoots, fruiting intensity, damage status, and terminal shoot condition— from 2018-2025, with drone-based orthomosaics and 
satellite imagery to enhance spatial monitoring capacity and improve early stress detection. 

A key focus is the calibration of remote-sensing metrics with field observations. Spatial matching linked each assessed tree crown to 
its corresponding drone-derived crown object or satellite pixel, supported by object-based crown segmentation, canopy geometry 
metrics, and sub-pixel spectral extraction. Radiometric harmonization reduced cross-sensor variability, while machine-learning 
regression models quantified relationships between spectral and structural indices and ground-based variables. 

Ground truth assessments showed mostly healthy crowns in several stands, contrasted by recurring biotic stress expressed through 
moderate drying, necrosis, and peripheral crown degradation. These patterns were clearly mirrored in the spectral domain: vigor- 
and greenness-related indices decreased in areas with higher defoliation and crown transparency, moisture-sensitive indices 
highlighted zones of drying and thinning crowns consistent with weakened terminal shoots, while photosynthetic - and pigment-
responsive indices captured subtle discoloration and early physiological decline associated with necrotic and fungus-related 
symptoms. 

Results demonstrate strong relationships between defoliation, crown transparency, and moisture- and photosynthetic-sensitive 
spectral indices, confirming that integrated spatially matched monitoring—supported by machine learning and rigorous uncertainty 
evaluation—provides a powerful framework for detecting early stress signals and supporting adaptive forest management under 
accelerating climate change. 
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When measuring soil moisture using remote sensing methods, only the moisture of the soil surface (some centimetres) can be 
recorded. In order to be able to make statements about soil moisture for the whole soil profile, modelling approaches are used, which 
utilise data on weather, soil and vegetation, the latter derived from remote sensing. The Bavarian Forest Drought Monitor is a WebGIS-
based soil moisture information service developed by the Bavarian State Institute of Forestry (LWF) using the LWF-Brook90 water 
balance model to visualise the current water availability in Bavarian forests.  

The development of the model started 25 years ago within the intensive forest environmental monitoring programme on Bavarian 
Level II plots (Hammel&Kennel 2001). The challenge for the water balance modelling for the whole forest area in Bavaria was to 
incorporate the most accurate soil, terrain and vegetation information possible into the model and to calculate the water balance for 
the entire forest area.  

For modelling purposes, the entire forest area of Bavaria is divided into more than one million individual areas, and an individual 
model run is calculated daily for each of these areas. The units are not regular, but follow topography. The soil units are based on a 
soil map (1:25 000) with associated soil profile data from a database based on soil surveys. In addition, information on slope gradient, 
slope orientation and a groundwater influence are taken into account. Important vegetation parameters are used from remote sensing 
products: tree species (Blickensdörfer et al.2024), maximum LAI (Copernicus Landmonitoring service) and tree height (Lang et al. 
2020).  

The tool makes it possible to determine hydrological parameters such as the period of sufficient water supply, the water storage 
level and  matric potential . These parameters provide a quick overview of the water supply and a more comprehensive assessment 
of the current water supply in the forest. 
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The pine processionary moth (Thaumetopea pityocampa Lepidoptera; Notodontidae) (PPM) has historically been restricted to 
Mediterranean regions due to its requirement for mild winters to complete its life cycle. However, the species is now exhibiting 
northward and altitudinal range expansion, a phenomenon increasingly attributed to climate change. In recent years, this expansion 
has been documented in continental parts of Croatia, notably the Lika region, area previously considered climatically unsuitable due 
to its harsh winter. Most recently, in early 2025, an outbreak of PPM was recorded in Sveta Nedelja, urban municipality within Zagreb 
County.  

Aerial data collected by Unmanned aerial vehicle (UAV) equipped with RGB and thermal sensors was used to survey sites in Lika 
region and city of Sveta Nedelja. Georeferenced UAV data was processed in GIS software to highlight canopy hotspots, using basic 
thermal thresholds and shape filtering. This preliminary approach allowed the identification of potential nest locations over large 
areas with varied vegetation and urban proximity. While not all nests may be detectable under all conditions, the method shows 
potential as a low-cost tool to support early-stage monitoring where ground access is limited. 

The spread of PPM from Mediterranean regions into continental parts of Croatia, first into Lika and more recently into residential 
areas like Sveta Nedelja where pines are often planted in private gardens and as ornamental plants in public spaces, marks a 
significant ecological shift likely driven by climate change. This expansion highlights the need for early detection and risk assessment 
in environments not traditionally monitored for forest pests. As the species continues to establish in previously unaffected areas, 
practical and accessible monitoring approaches will become increasingly important for protecting both public and forest health. 
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This keynote is a reflection on how forest monitoring has evolved over the past 40 years and how it needs to develop. Incidentally, 
the time window above coincides with the development of my career as scientist involved in forest monitoring: for me, it was like a 
scientific journey, where I had the chance to observe, learn, participate and try to give my small contribution to the progress of the 
forest monitoring science in Europe and elsewhere.  

In my recollection, there were three main phases characterizing the journey: “the start”, “the route” and “the arrival (or the new start)”. 
During the start, the two traditional approaches to (forest) monitoring (the forest inventory approach and the ecological approach) 
were confronted with the need to evolve into a new, combined approach. This evolution was triggered by the concern generated by 
the “Waldsterben” (forest death) in the 1970s and 1980s. It was realized - we realized - that we needed more than national forest 
inventory and individual case-studies with in-depth ecological monitoring. Among other conceptual developments, this led to the 
launch of the ICP Forests, where the two approaches were integrated in the form of a multilevel, multimedia international monitoring 
system: a sample survey to detect status and changes and a series of purposively selected case-studies to understand the drivers 
behind the observed changes. Such a system was unprecedented and remains at a large extent unrivalled: for this reason, I will 
continue referring to it. 

During the route, the ICP Forests developed. Between 1985 and the 2000s there were several political processes starting (e.g. the 
EC Regulation 3528/86 and derived regulations; Forest Europe; the Convention on Biological Diversity; the COP3 in Kyoto; …) and 
the launch of other international (forest) monitoring initiatives (e.g. ENFIN; EANET). Simultaneously, the concepts, design, 
measurement targets and methods and the data- and product quality of the ICP Forests evolved to meet the increasing political and 
scientific demands. Overall, it was a tough learning-by-doing exercise that led the program to its present configuration. 

As always happen in science, the arrival is in reality the need for a new start. Here, in my opinion, the central question is how to re-
invent forest monitoring. This goes beyond the still important use of new technologies, AI and the integration between ground 
monitoring and proximal and remote sensing – some very popular issues in the forest monitoring community. As it happened at the 
time of the start, we know we need more than this: in particular, we need more than segregated monitoring networks. The time for 
”segregated” or “isolated” views (e.g. network-based; country-based; institutionally based; ground-based vs. remote sensing;…) on 
forest inventorying and monitoring is over. We need to join our forces for better information and understanding of the dynamics of 
our forests. We know exactly what we need and how to proceed to make our forest monitoring systems better connected, allied and 
functionally integrated. The central question is not the capability: in principle, we are technically prepared for it. The central question 
is whether there is the will (at all levels: institutional, political, scientific) to go in this direction. 
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European forests face escalating pressures from climate-induced stressors, wildfires, and disease outbreaks, yet forest monitoring 
remains fragmented across national borders. While Member States maintain robust National Forest Inventories (NFI), differences in 
methodology and data accessibility hinder a cohesive pan-European assessment. The FutureFor project (Horizon Europe Grant 
Agreement No. 101180278) addresses this challenge by integrating Earth Observation (EO), Airborne Laser Scanning (ALS), and 
ground-based data to deliver harmonized, spatially explicit monitoring products.  

FUTUREFOR advances next-generation forest biomass modelling by integrating Earth Observation (EO), LIDAR, and National Forest 
Inventory (NFI) data, with a focus on tracking temporal changes at key European sites. To meet the challenges posed by climate 
pressures, forest disturbances, and evolving regulations, the project uses a monitoring framework that brings together Copernicus 
Sentinel imagery, multi-temporal Airborne Laser Scanning (ALS) LIDAR data, and openly available, detailed NFI plot records. 

Implementation takes place in Austria, Sweden, and Denmark, where harmonized, georeferenced data on biomass, stem volume, 
species, and related forest attributes have been gathered annually since 2007. By combining consistent field measurements with 
repeated ALS surveys, FUTUREFOR enables direct analysis of changes in above-ground biomass, canopy structure, and forest 
composition over time. This allows us to treat biomass accumulation not just as a carbon stock, but as a dynamic proxy for forest 
vitality and recovery capacity. This approach  

The project delivers high-resolution maps and time-series data products from the stand to regional scale. These outputs support 
carbon accounting, operational harvest planning, and restoration assessment. By quantifying post-disturbance recovery trajectories, 
they provide a robust metric for monitoring long-term forest resilience in the face of climate impacts. The results also meet policy 
needs such as compliance with the LULUCF Regulation and the EU Deforestation Regulation (EUDR), as well as the RED III Directive, 
facilitating transparent reporting and decision-making. Using open-access data and careful calibration of statistical methods, 
FUTUREFOR establishes a robust operational baseline for biomass monitoring. The resulting tools and datasets provide policymakers, 
forest managers, and stakeholders with the knowledge needed to guide sustainable management, optimize resource allocation, and 
uphold ecosystem services across European forests. 
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Switzerland 

Switzerland’s elevation ranges from 193 to 4,624 m, accompanied by a gradient in mean annual precipitation from 550 to over 3,000 
mm, resulting in a remarkable diversity of biogeographical conditions and forest habitats that make Swiss forests representative of 
a wide range of European ecosystem types. Recognizing the critical need to assess drought impacts, we employed a mechanistic soil–
plant–atmosphere transfer (SVAT) modeling framework to evaluate physiological drought stress (PDS) across all forested areas. PDS, 
defined as the ratio of actual to potential transpiration, captures key interactions among climatic water balance (CWB), soil moisture 
availability, and vegetation water demand. Model parameterization and calibration were executed using long-term data from Swiss 
Level II plots. Model evaluation showed that PDS explained tree water deficit at 72% of sites and provided stronger predictive power 
for tree growth and mortality than CWB. Using this framework, we assessed the spatial distribution and temporal evolution of areas 
subject to extreme PDS from 1982 to 2024, and projected future dynamics under the RCP 4.5 and RCP 8.5 scenarios.  

Our results showed that 29% of forested areas experienced an increasing PDS over the past 40 years although VPD increased in 93% 
in those areas. This divergence suggests a crucial buffering role of forest soils in moderating PDS. The highest values of yearly 
accumulated PDS days and the number of extreme PDS days were observed at lower-elevation sites. Future projections indicate a 
substantial intensification of PDS after 2050, with over 50% of forested areas expected to experience more than 30 days of extreme 
PDS annually under RCP 8.5, and about 15% exceeding 60 days by 2081. These findings highlight the growing vulnerability of Swiss 
forests to climate change and the importance of the SVAT modelling framework for large-scale drought assessment and forest 
ecosystem monitoring. 
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Ectomycorrhizal fungi communities control forest and nutrient dynamics in boreal and temperate forests, but whether they change 
at large scales over time, to what extent, and what drives change, are all unknown.  

We resampled 44 ectomycorrhizal fungi communities in Scots pine and European beech forests across the ICP Forests Level II 
network, 8 to 15 years after an initial sampling, following a standardised protocol. We analysed ca. 40,000 mycorrhizas, including ca. 
12,650 new samples.  

We found an increase in ectomycorrhizal fungal species richness and evenness with time and an increase in abundance of traits 
associated with long distance soil exploration. There is significant homogenisation of ectomycorrhizal communities across Europe 
due to the increase of some widespread species such as Russula ochroleuca and Lactarius subdulcis. There are major shifts in species 
composition, with some abundant species showing a 10-50% decrease in abundance. We find geographical shifts in species 
abundance distribution, though not all show the expected northward migration in response to climate change. We infer changes in 
precipitation and drought are the main drivers of change in ectomycorrhizal communities over time, although change in N deposition 
can influence ECM communities functional diversity.  

These large-scale shifts in mycorrhizal composition over time can lead to changes in nutrient dynamics for European forests. Our 
results demonstrate that ectomycorrhizal fungi could respond faster than trees to environmental changes, leading to the rapid 
disappearance of inconspicuously fruiting species and impacting forest functionality. 
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In beech forests, stemflow constitutes a substantial part of stand deposition providing direct water and nutrient delivery to the roots. 
Stemflow monitoring is a standard mandatory survey at ICP Forests intensive monitoring (Level II) plots where beech is the dominant 
tree species. In the central database, stemflow volumes are aggregated because the main interest lies with the fluxes at stand level. 
Studying factors determining stemflow requires volumes measured at the individual tree level and the unavailability of these data 
complicates evaluations at international scale, contributing to the limitedness of current insights. 

We analysed data series (1994-2025) collected at weekly to semi-monthly intervals on the volume of rainfall, throughfall and 
stemflow for beech trees in Level II plots in Flanders, Germany and Switzerland. Aim of this study was to check if periodic stemflow 
volume depends on the diameter of trees and how it is affected by rainfall/throughfall volume. We found an approximately linear 
relationship between tree diameter and stemflow volume. The relationship with rainfall/throughfall appears to be more complex, 
indicating that processes governing the transfer of water from the crown to the stem may become less efficient at higher precipitation 
intensities. We also found indications for a minimum effective tree diameter to enable stemflow. 
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Mediterranean forest ecosystems, characterized by hot, dry summers and mild, wet winters, play a crucial role in regional biodiversity, 
carbon storage, and climate regulation. These forests are particularly vulnerable to climate change, with increasing drought 
frequency, rising temperatures, and shifting precipitation patterns threatening their structure and functioning. Experimental 
frameworks are urgently needed to predict forest responses (acclimation, resistance, resilience, or, instead, forest dieback) under 
these altered conditions. 

The AnaEE ERIC (Analysis and Experimentation on Ecosystems, European Research Infrastructure Consortium) provides a pan-
European platform to address these challenges. By integrating highly instrumented open-air experimental sites, controlled 
environment facilities, and predictive modelling services, AnaEE enables a mechanistic understanding of ecosystem processes. Its 
network includes Mediterranean forest sites where long-term in natura manipulations — such as drought simulations and nutrient 
additions—generate high-resolution data on ecophysiology (e.g. growth, carbon fixation, carbon allocation), and soil biogeochemistry 
(Laoué et al., 2023; Rambal et al., 2025). 

Several key initiatives, such as the project Drought ForC and the program SEE-life (long-term studies in Ecology and Evolution; 
https://arxiv.org/abs/2507.07472) allow us to investigate the effects of prolonged soil moisture deficits on carbon allocation in tree 
organs, organic matter decomposition, and nutrient cycling across Mediterranean forests. By combining experimental manipulations, 
long-term observations, and process-based models, these initiatives exemplify how AnaEE links controlled experiments to 
ecosystem-scale forecasting in water-limited environments. 

Through harmonized protocols, standardized measurements, and open-access data, AnaEE promotes cross-site comparisons, 
reproducibility, and transdisciplinary collaboration. The infrastructure enhances our ability to develop evidence-based strategies for 
Mediterranean forest management, climate mitigation, and ecosystem conservation under the pressures of a warming, drought-prone 
future. 
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ICP Forests Level I monitoring operated in Ukraine during 2000–2015 on a grid of around 1500 plots with cluster plot design 
comprising a fixed number of trees, assessing crown condition, damage, and ground vegetation annually. Forest monitoring was 
suspended in 2016 due to funding constraints. Since 2021, the National Forest Inventory (NFI) has been ongoing on the grid 5x5 km 
with 16,000 forests plots on a 5-year cycle. This study aims to identify an optimal model for restoring ICP Forest monitoring level I 
in Ukraine. 

Three integration strategies were examined according to Ferretti M. (2010): (A) maintaining separate monitoring and NFI networks 
with methodological harmonization ensure maximum data preservation but require highest costs, (B) functional integration, and (C) 
complete integration. Multi-criteria assessment addressed costs, data quality, feasibility, continuity, and resilience, including war-
related inaccessibility affecting ~20% of forests. 

Results show two approaches offer optimal trade-offs. Full integration (C) minimizes costs but faces constraints: NFI's 5-year cycle 
conflicts with ICP Forests' annual requirement, temporal misalignment affects comparability, and historical continuity is lost. Partial 
integration (B) using ~617 NFI plots near historical monitoring sites enables annual assessments while preserving spatial continuity. 
However, partial integration limits spatial coverage and requires separate protocols. Partial integration represents pragmatic solution. 

Implementation requires: (1) crown condition variables into NFI protocols for larger tree subsets (in 2 nested plots); (2) GIS analysis 
to identify NFI plots near historical sites; (3) satellite assessment for inaccessible territories; (4) coordination with ICP Forests Program 
Center. This approach preserves time series, ensures quality, and aligns Ukraine with international standards.  
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Forest soils store organic matter therefore forests play a crucial role in the European soil carbon balance and related climate change 
mitigation measures in the European Union (Wellbrock et al., 2024). Old-growth forests under strict protection provide unique 
opportunities to examine long-term soil dynamics without the confounding influence of forest management. This study investigates 
temporal changes in soil properties over a 35-year period to recent times in a Norway spruce forest stand within the LTER site 
“Parangalitsa” Reserve (Rila Mountain, Bulgaria). The study site is also a part of the International Co-operative Programme on 
Assessment and Monitoring of Air Pollution Effects on Forests (ICP Forests) since 1987. Soil sampling has been conducted since 1990, 
following harmonized European protocols (ICP Forests Soil Manual 2020). This ensures high comparability of measurements, 
consistent sampling depth structure, and long-term data continuity. 

We revisited the soil survey from 1990 and integrated it with all subsequent ICP Forests sampling campaigns to analyze trends in 
bulk density, soil texture, pH, soil organic carbon concentration and stock, total nitrogen, C:N ratio, and macro- and micronutrient 
status.  The long-term soil record is used to explore the potential imprint of atmospheric deposition and climate variability on 
ecosystem-driven soil processes in old-growth Norway spruce forest. 

By coupling legacy soil data with harmonized long-term monitoring, this study provides a perspective on natural soil evolution in 
Southeast Europe’s high-mountain old-growth ecosystems. The findings highlight the value of protected reference sites such as 
“Parangalitsa” for detecting gradual but ecologically meaningful changes in forest soil condition and for supporting regional and 
continental soil monitoring and assessment frameworks. 
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Tropospheric ozone (O3) is an oxidative pollutant causing foliar injury (VFI) and reducing photosynthesis in sensitive forest tree 
species. Viburnum lantana L. is a bioindicator for O3 pollution in European mountainous areas, but field-observed O3-like VFIs and 
critical levels (CLs) for forest protection have not been validated. This study validated field-observed O3 effects in V. lantana based 
on experiments conducted in Free-air O3 eXposure (FO3X) facility, determining which O3 metric (exposure-based - AOT40 or flux-
based - POD1) best explains O3 effect on leaf physiology and O3 VFI. V. lantana saplings were exposed to three O3 regimes: ambient 
air (AA: 38.0 ppb as 24-h hourly mean), 1.5× ambient air (1.5×: 48.6 ppb), and 2.0× ambient air (2.0×: 61.3 ppb). Plant Injury Index 
(PII) was calculated by combining the percentage of symptomatic leaves per plant (SL) with the percentage of affected areas on the 
symptomatic leaves (SA) as well as the physiological parameters: light-saturated net photosynthetic rate (Asat), stomatal conductance 
(gs), leaf color index (SPAD) and the maximum photochemical efficiency of photosystem II (Fv/Fm). The target parameters were 
examined over the experimental period (T1: 2-month O3 exposure; T2: 3.5-month O3 exposure). The first appearance of VFI was 
observed in 2.0× after 16 days, with light to dark brownish colors, including some reddish tones. As a result, O3 treatment influenced 
PII, which was significantly higher in the 2.0× (9.06 ± 3.24) than in the 1.5× (1.31 ± 0.62) and AA treatments (1.29 ± 0.71) at T2. The 
Asat, SPAD, and Fv/Fm were significantly affected by the treatment (p < 0.05), no significant difference in gs was found among the O3 
treatments. The dose–response analysis showed that the flux-based metric POD1 better explained variability in VFI and physiological 
parameters than the AOT40. CLs of 1.61 mmol m-2 and 1.22 mmol m-2, POD1 for 4% reduction of Asat and gs, respectively, and a CL of 
7.82 mmol m-2 for the onset of O3 VFI, suggesting highly sensitive to O3. The findings improve diagnosing O3 injury in V. lantana under 
realistic conditions, crucial for calibrating bioindicator responses in monitoring. 
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The assessment of tree vitality requires the adoption of physiological methods that are easy and feasible to apply in field conditions 
once leaves are collected for mineral nutrient analysis. The chlorophyll fluorescence (PF, Prompt Fluorescence) measurement allows 
data collection in a short time. Chlorophyll fluorescence provides insights into the functionality of the plant photosynthetic apparatus, 
reflecting the impacts on the photosynthetic apparatus of stress factors, such as poor mineral nutrition, high temperatures and solar 
irradiation, disease and pest attacks. A preliminary assessment of the photosynthetic properties of trees in Italian and Romanian ICP 
Forests Level II plots was carried out in the years 2023-2025, as part of the project LIFE Modern (NEC). The chlorophyll fluorescence 
analysis was performed at the same time of the leaf collection for the determination of mineral nutrient content. The purpose of this 
physiological leaf trait analysis is to produce baseline data for the construction of long-term series that allows us to identify trends 
or anomalies in forest tree responses to environmental factors. In this presentation are shown: (i) the problems encountered in the 
leaf measurements and the solutions applied; (ii) the differences in the traits between years, countries and tree functional groups 
(conifers, deciduous and evergreen broadleaves); (iii) the reliability of the collected data through the comparison between the present 
and other historic results. The relevance of chlorophyll fluorescence and other physiological indicators in the context of the ICP 
Forests monitoring programme is discussed. 
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4) Swiss Federal Research Institute, Switzerland 

Mediterranean black pine (Pinus nigra J. F. Arnold) forests play a key role in maintaining ecological balance, particularly in regions 
with pronounced seasonality and limited water availability. Water and nutrient cycling in these ecosystems depend on complex 
interactions among vegetation, soil, precipitation, and climate. A deeper understanding of these processes is crucial for the 
sustainable management of these forests, especially under the pressures of ongoing climate change. The specific objectives of this 
study are to: (1) assess the influence of forest vegetation and elevation on the isotopic composition of water in different ecosystem 
compartments; (2) determine the temporal origin and seasonal shifts of water sources used by black pine during and outside the 
growing season; and (3) evaluate the effects of black pine forests on nutrient cycling, with particular attention to the roles of elevation 
and microclimatic conditions. To address these aims, the study is conducted in the Central Dalmatia, Croatia, at two elevations, in 
the forests and adjacent open areas. Precipitation, throughfall, soil solution, soil, xylem, and needle samples are collected over 
multiple years and analysed in combination with continuous climatic and phenological monitoring. The findings will improve our 
understanding of hydrological and biogeochemical processes in black pine forest ecosystems and provide a scientific basis for 
enhancing their sustainable management and resilience under a changing climate. 
.  



C
O

N
T

A
C

T
S

 
  

 FORECOMON 2026 
 BOOK OF ABSTRACTS 52 

 

Session 2 

Poster presentations 

Phytotoxic Ozone Dose Risk Assessment for Spain’s 
National Air Pollution Monitoring Network under the EU 
NEC Directive 

Tania Carrasco-Molina1), Ignacio González-Fernández1), Elena de la Maza1), 
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1) Ecotoxicology of Air Pollution, CIEMAT, Spain 
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With a The EU Directive on the reduction of national emissions of certain atmospheric pollutants (2016/2284, NEC Directive) requires 
Member States to monitor ecosystem impacts of air pollution through representative site networks, in coordination with EU and Air 
Convention programmes. Among the recommended indicators for tropospheric ozone (O₃) effects on terrestrial vegetation, countries 
may report annual exceedances of flux-based O₃ critical levels, as stomatal absorbed dose better explains O₃ injury than atmospheric 
concentrations. 

The Spanish monitoring network for O₃ effects reports on-site estimations of phytotoxic ozone dose (PODy) and exceedances for 
forests around six EMEP sites. Evaluation plots within 100 km of each site, previously restricted to AOT40 representativeness zones, 
were selected by identifying meteorological stations maximising the densities of the target vegetation classes within 10-km buffers. 

PODy was estimated using the DO₃SE model, which integrates species-specific responses to light, temperature, humidity, phenology, 
and soil moisture. Meteorological data from SIAR, ICP Forests, AEMET, and National Parks were harmonised, and gaps were 
reconstructed using temporal multivariate imputation with Random Forest and lag-lead predictors, followed by spatial rescue for 
data-scarce periods. 

PODy calculations incorporated updated parameterisations for soil water potential in Mediterranean species (Quercus ilex and 
deciduous oaks; Carrasco Molina et al., 2024). Remaining model limitations are also discussed. Results from eutrophying nitrogen 
deposition risk assessment were integrated, enabling a combined evaluation of both impacts on vegetation. 

Funding: DGCEA-CIEMAT Working Programme on Atmospheric Pollution and POPs (ACTUA-MITERD, MITECO); MITERD-SEMA-OAPN-
CIEMAT Programme on Air Pollution Monitoring and Effects in National Parks (RECAEPN, NextGenerationEU/PRTR); project Responses 
of Mediterranean vegetation to atmospheric pollution REMEDAP (PID2024-160424OA-C22, MICIU/AEI/10.13039/501100011033) 
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Romanian forests are experiencing accelerating climate change impacts, as documented by long-term monitoring data from the ICP 
Level I network. Analysis of 264 monitoring plots reveals concerning patterns of thermal stress and moisture deficit that threaten 
forest stability across elevation gradients. The data show temperature maxima reaching 28.8°C in lowland plots, with climate 
moisture deficits exceeding 500mm in 23% of monitored locations, creating high mortality risks particularly for drought-sensitive 
species. 

Our analysis identifies clear elevational patterns in climate vulnerability. Mid-elevation forests (800-1200m), traditionally supporting 
mixed beech-fir-spruce ecosystems, now experience bioclimatic conditions exceeding species' optimal ranges, with mean annual 
temperatures of 6-9°C and precipitation below 900mm/year at 38% of monitoring sites. Particularly alarming is the deterioration of 
Norway spruce (Picea abies) habitats, where 45% of current spruce-dominated plots now occupy climatically marginal positions. 

The ICP Forests monitoring data reveal that climate change interacts with site factors to create complex stress patterns. Plots with 
high temperature seasonality (BIO4 >34°C) combined with low precipitation (<800mm/year) show the highest vulnerability scores, 
disproportionately affecting southern and eastern regions. These findings demonstrate how long-term, standardized monitoring 
enables precise identification of at-risk ecosystems and provides early warning of impending forest health crises. 

This evidence underscores the urgent need for adaptive forest management strategies that consider species-specific climate 
tolerances and promote stress-resilient ecosystems. The ICP Level I network continues to provide indispensable data for tracking 
climate change impacts, validating species distribution models, and informing science-based policy decisions for safeguarding 
Romanian forests' ecological and economic functions in a warming climate. 
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Designation Ozone (O₃) is one of the most harmful air pollutants for forests, yet monitoring O₃ in remote areas remains difficult. This 
study presents two new active monitoring stations installed in Pinus nigra and Quercus pubescens forests along the Eastern Adriatic 
coast of Croatia within the HRZZ project O3MedFor. The stations enable continuous, affordable real-time measurements of ozone 
and additional environmental variables following ICP Forests methodology. 

An integrated analytical framework will be used to evaluate forest condition in relation to tropospheric ozone exposure. Statistical 
tools will quantify ozone effects and identify plant-response indicators such as radial and height growth, crown condition, nutrient 
status, visible foliar injury and vegetation diversity. Initial analyses will include one-way ANOVA to compare environmental 
parameters among sites, and correlation analyses to assess relationships among physiological, chemical, soil and meteorological 
factors. 

To improve predictive understanding, machine-learning techniques such as Random Forest Analysis will model interactions among 
ozone concentration, uptake indices, climate variables, solar radiation and soil properties. This will allow estimation of predictor 
importance for symptoms like defoliation, discoloration and visible injury. The most influential predictors will then support the 
development of non-linear models that enhance explanation of forest condition indicators. 

Exposure- and flux-based ozone metrics will be calculated from monitoring station datasets to estimate critical levels below which 
harmful effects are not expected. Testing multiple ozone metrics will refine risk assessment and improve protection strategies for 
sensitive Mediterranean forest ecosystems. 
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Remote sensing (RS) tools, such as satellites and airborne sensors, provide broad spatial coverage and consistent temporal data on 
forest structure and function. However, processes such as carbon fluxes, and even more so their drivers, are much less detectable 
directly. This is where ground-based monitoring sites come in. In recent years, the forest science community has called for novel, 
integrated observation networks based on existing ones that allow in-situ measurements to be linked with remote sensing 
approaches (Ferretti et al., 2024). The upcoming European Research Infrastructure eLTER, to which numerous ICP Forests sites 
contribute, is building these integrated sites in forests and other terrestrial and aquatic ecosystems. Here, we will present the eLTER 
Standard Observations principles (Zacharias et al., 2025), and how they extend more traditional measurements in enhancing their 
usefulness for remote sensing applications. 

The Hyytiälä/SMEAR II eLTER Site is a proximal sensing supersite that delivers continuous, state-of-the-art canopy observations, 
revealing ecosystem function in near real time. These include canopy and leaf sun-induced fluorescence and reflectance, drone and 
canopy LiDAR, and thermal radiometry. This data is integrated into European satellite networks, providing essential validation 
information. They are also essential for linking ecosystem processes to global estimates of carbon fluxes. 

Another notable initiative is the EO4VegetationDrought project, which focuses on deriving vegetation drought indicators from multi-
source remote sensing data using the Zöbelboden eLTER Site and others. The project utilizes high-frequency Copernicus observations 
from Sentinel-1 and Sentinel-2, complemented by data from SAOCOM, GEDI, and ICESat-2, as well as terrestrial and airborne LiDAR, 
to build a high-resolution, multi-frequency data cube for advanced drought monitoring. For validation and calibration, in-situ 
measurements include traditional forest inventory data, dendrometer and sapflow observations, as well as flux-tower data capturing 
carbon and water vapor exchanges. 
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The objective of this paper is to present data regarding microclimate conditions and soil moisture levels through continuous 
monitoring at the level II plot within pedunculate (Odžaci) and sessile oak forests (Fruška Gora) in AP Vojvodina, Republic of Serbia.  

Microclimate and soil moisture data were gathered starting from 2010. Climatological information was analyzed based on the annual 
report from the Republic Hydrometeorological Service of Serbia. Using this data, the FAI index was computed. Soil moisture content 
(% vol) was assessed at depths of 10, 30, and 50 cm. Samples were taken during each field trip. 

FAI suggests that throughout the research period, the climate was predominantly aligned with a forest-steppe environment. The 
most recent year noted for favorable conditions for the growth of forest vegetation was 2010. Conversely, this index has indicated 
adverse conditions for the growth of forest vegetation, particularly over the past four years. 

The amount of available water was influenced by hydrological conditions throughout the year. Based on data collected over the past 
years, the present soil moisture content has decreased in two past year to 8.71% by mass at a depth of 10 cm at level II on Fruška 
Gora, and to 6.41% by mass at a depth of 10 cm at level II in Odžaci. In past two years values of soil moisture content were also 
identified for the other two depths. In any case, additional research is required to ascertain further trends in soil moisture. 
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As part Since 2010, changes in tree trunk circumference have been successfully measured using band dendrometers at the Austrian 
ICP Forests Core Plots. This type of dendrometer is widely used by ICP countries. However, several European countries have 
established real-time tree monitoring networks, including TreeNet Schweiz in Switzerland (https://treenet.info/), Tree Talker in Italy 
(https://www.openfields.it/en/treetalker/) and Dendronet in the Czech Republic (http://dendronet.cz). These networks provide critical 
data that helps us to understand and respond quickly to forest stressors. Despite its proactive stance on environmental monitoring, 
Austria currently lacks a national framework for real-time tree health surveillance. 

The new TreeNET AT project aims to address this issue by establishing a real-time tree health surveillance network. As part of the 
project point dendrometers are installed at six measurement sites, including three ICP Forests sites in eastern Austria. These sites 
cover the three main tree species found in the area: beech, oak and spruce. 

At the ICP Forests sites four of the ten dendrometer trees on each plot are used for parallel measurements. Throughout the network, 
the ZN12-T-WP point dendrometer from Natchon.ch (https://natkon.ch/) is used for comparison purposes. The type of band 
dendrometer used at the ICP-sites is the DR26 from EMS (https://www.emsbrno.cz/). 

One of the project's goals is to compare the measurement results of these two types of dendrometers. Only a few comparative studies 
have been conducted on this topic to date (De Belder, 2015, Wang & Sammis, 2008). Therefore, we will analyze and compare growth 
patterns recorded at sites using point and band dendrometers to understand how short-term variations translate into long-term 
growth metrics. Second, we will evaluate how each type of dendrometer responds to changes in environmental parameters, such as 
temperature, humidity, soil moisture, and soil water potential. This will help us determine the best linking methods. Finally, we will 
develop an algorithm to automatically link high-sensitivity point dendrometer data to metrics derived from band dendrometers. 
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The project TreeNet AT aims to establish Austria ‘s first real-time tree monitoring network based on sound scientific knowledge. To 
do so two ICP Forests monitoring sites were equipped with additional measurement sensors, namely point dendrometers and soil 
water potential sensors. Within our poster we aim to give an overview of technical challenges we encountered when equipping highly 
intensively monitored measurement sites with additional measurements.  

The newly installed point dendrometers, which record stem radius variations based on linear displacement, and soil water potential 
sensors complement the existing band dendrometers by providing continuous, high-frequency data on stem swelling and shrinkage, 
enabling a more detailed assessment of tree water status and growth dynamics. Following the standardized TreeNet protocol, 
representative dominant trees of the main species at each site are equipped with dendrometers at breast height.  

The main challenges encountered during installation included providing sufficient power supply in forested areas with limited solar 
exposure, adapting hardware setups at already heavily instrumented sites, and developing site-specific calibration procedures for the 
different sensor types. This upgrade represents an important step towards more precise and harmonized forest growth and drought 
monitoring within the Austrian ICP Forests network. The resulting dataset will offer valuable new insights into responses to drought 
stress.  
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In 2025 a new biodiversity monitoring initiaitve was started in Austria. The aim of this initiative is to assess the occurence of different 
species groups amongst various ecosystems. These sites also include the ICP Forests site Klausen-Leopoldsdorf, a beech stand in the 
vicinity of Vienna.In our poster we will present the measurement setup and parts of the developed protocols for montioring of insects 
and birds. Within the initiative further measurements like eDNA soil sampling are planned to start in early 2026.Flying insects are 
crucial components of ecosystems, representing a large amount of total biomass and fulfilling multiple ecological functions — from 
providing ecosystem services such as pollination, pest control, and decomposition, to serving as essential links in food webs (e.g., as 
prey for birds). Publications reported “more than 75 percent decline over 27 years in total flying insect biomass in protected areas” 
(Hallmann et al., 2017). This fact has raised major concern among scientists and policymakers about ongoing insect declines. Today, 
species identity can be efficiently assessed using genetic tools such as metabarcoding. The simplicity of both field sampling (e.g., 
malaise traps) and laboratory workflows (DNA metabarcoding) has motivated the inclusion of insect community monitoring as a 
Standard Observation (SO) within the European Long-Term Ecological Research (eLTER) network.In parallel, Passive Acoustic 
Monitoring (PAM) is rapidly emerging as a complementary method to monitor species occurence, in particular birds. Following the 
Lifeplan Audio Recording Protocol version 2 (Farrell et al., 2024). AudioMoth recorders (Open Acoustic Devices) were deployed along 
a monitoring transect near the ICP Forests plot ”Klausenleopoldsdorf”. The approach relies exclusively on freely available software 
and data formats. The primary outputs are uncompressed raw audio files covering audible to ultrasonic frequencies (up to 384 kHz). 
These recordings can be used for expert-based or automated classification of species based on their vocalizations or other produced 
sounds in different wave lengths. 
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Ectomycorrhizal (ECM) fungal community composition changes markedly along environmental gradients, with atmospheric N 
deposition being associated with drastic shifts in ECM diversity. However, the mechanisms behind these shifts remain unclear, as 
species-level studies of fungal physiology at large spatial scales are rare. The collection of expressed physiological traits in 
mycorrhizal roots, particularly enzymatic capacity related to N and P foraging, is a promising method to causally link ECM distributions 
to environmental changes. Here, we characterized root-associated ECM communities in nine Scots pine (Pinus sylvestris L.) stands 
belonging to the ICP Forest monitoring network and spanning Europe’s largest N deposition gradient. Individual ectomycorrhizas 
were assessed for morphological (exploration types) and physiological (activities of root surface enzymes involved in N and P 
acquisition from organic pools) traits. Our data highlight contrasting functional strategies across species and sites. We found 
community-level exoenzyme activities involved in N and P acquisition from soil organic matter to mirror shifts in nutrient limitation 
from N to P along the deposition gradient, suggesting a potentially adaptive buffering effect on host nutritional status (i.e. foliar N:P). 
Community trends were mainly driven by strong interspecific variation in enzymatic profiles and species turnover along the gradient, 
rather than by intraspecific variation within broadly distributed species. Some nitrophilic taxa (e.g. Lactarius subdulcis, Russula 
ochroleuca) were found to be efficient P-foragers, including through high oxidative activity that exceeded that of ECM taxa known 
for their oxidative potential based on genomic data (e.g. Cortinarius), which may ultimately reduce ECM-mediated soil C storage 
under elevated N. These findings help predict the future of ectomycorrhizas and forest health in the context of global biogeochemical 
change and deteriorating tree nutrition. 
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Tropospheric ozone (O3) is a phytotoxic air pollutant and the O3-induced visible foliar injury (O3 VFI) is a biomarker to indicate the 
phytotoxic effects of O3 on forest trees and shrubs. At the ICP Forests Level II sites in southern Europe such as Italy and Croatia, “O3-
like” VFIs have been registered in various tree species. However, the O3-like VFIs were traditionally evaluated by eye in forests and 
thus it was subjective. In addition, although the current assessment of O3 risk focuses on stomatal O3 flux, i.e. actual dose absorbed 
through stomata (POD, phytotoxic ozone dose), stomatal model parameters for the estimation of POD for several symptomatic species 
are still missing. Within a framework of the project O3MedFor, the present study set up a Free-air O3 eXposure (FO3X) experiment 
for potential symptomatic species in Mediterranean forests (e.g. Cornus mas, Clematis vitalba) that will be used to validate field-
observed ozone visible injuries in P. nigra and Q. pubescens plots in Croatia and to reproduce actual O3 VFI and to establish a flux-
based threshold for the O3 VFI onset for the evaluation of regional O3 pollution. Since 2015, a last generation of O3 FACE facility 
has been available at the CNR experimental garden at Sesto Fiorentino in central Italy (FO3X), which is a unique facility in 
Mediterranean Europe within an AnaEE (Analysis and Experimentation on Ecosystems) European research platform (see 
https://isia.cnrs.fr/catalog/1/installations/61). FO3X consists of nine 5×5×2 m blocks (n = 3 replicated blocks) in which the 
concentrations of O3 and other stress factors (e.g., drought, nitrogen, heavy metal, salt stress) can be controlled. This facility permits 
the exposure of plants to three levels of O3 concentrations (ambient, 1.5- and 2.0-times ambient concentration, denoted as AA, 
1.5×AA and 2.0×AA, respectively), with main environmental variables continuously monitored. This presentation will introduce our 
project activities in the FO3X facility with a future perspective. 
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Climate change is increasingly affecting forest ecosystems across Europe, highlighting the urgent need for improved forest monitoring 
that integrates both terrestrial and airborne techniques. This priority is reflected in the European Union’s proposal for a new 
regulation establishing a monitoring framework for resilient European forests, which envisions a comprehensive, high-quality 
monitoring system to address emerging pressures and hazards. Existing schemes such as UNECE ICP Forests, with its harmonised 
methodology, provide a strong foundation, particularly when complemented by modern technologies. European beech (Fagus 
sylvatica L.) forests in the hilly and mountainous regions of South-East Europe – once considered stable and resilient – are now 
showing signs of declining vitality and increased mortality. The FORBEECH project will take advantage of the existing longitudinal 
(i.e. west–east) climatic and altitudinal gradients covered by the three ICP Forests Level II plots to upgrade the intensive monitoring 
system with high-resolution information in near-real time. This will enable the capture of tree growth responses to climate-driven 
parameters and provide baseline data to augment physiological measurements and vegetation indices. With the FORBEECH project, 
we aim to: 

1) Conduct parallel terrestrial and airborne measurements in beech tree crowns to correlate the physiological status and 
stress response of European beech based on terrestrial and UAV remote sensing, using vegetation indices from 
hyperspectral imagery, and to upscale leaf-level measurements to the tree and plot level by linking ground-based 
observations with remote sensing information. 

2) Establish high-resolution, real-time dendrometer measurements to detect stem radial growth and stem water status at 
selected ICP Forests sites, and to establish an in situ meteorological station for measuring meteorological parameters as 
well as soil matric potential and temperature, to deliver near-real-time data on tree growth to TREENET. 
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The chemistry of stream water in Mediterranean catchments is influenced by both natural and anthropogenic factors, including 
atmospheric deposition, biogeochemical processes, climate, hydrology, and land use. However, the specific impact of atmospheric 
inputs on stream water chemistry, particularly in Mediterranean karst regions such as those in Croatia, remains insufficiently studied. 
This study investigated the seasonal variability of rainfall and stream water chemistry in the Žrnovnica River catchment, Croatia, over 
a three-year period (2020–2022). Biweekly samples were analysed for pH, electrical conductivity, total alkalinity, and major ions 
(Ca2+, Mg2+, Na+, K+, Cl⁻, SO42-, NO3-, NH4+) following the ICP Forests methodology. The results showed that all measured 
parameters were higher in stream water than in rainfall. Calcium was the dominant ion in both sample types. In stream water, Ca²⁺ 
concentrations were 61.7% higher than in rainfall, reflecting enhanced dissolution of carbonate bedrock. In rainfall, ion 
concentrations followed the pattern Ca2+ > Cl⁻ > SO42- > Na+ > NO3- > Mg2+> K+ > NH4+, while in stream water the order was Ca2+ 
> Cl⁻ > Na+ > SO42- > Mg2+ > K+ > NO3- > NH4+. Rainfall chemistry reflected mixed marine and continental influences, whereas 
stream water displayed higher mineralisation with a pronounced carbonate signature. Seasonal patterns revealed elevated nutrient 
inputs during spring and increased mineral concentrations in the dry summer periods. A positive correlation between NH4+ 
concentrations in rainfall and stream water was observed in spring, highlighting the seasonal influence of atmospheric deposition on 
stream water chemistry. These findings underscore the importance of long-term monitoring to understand atmospheric inputs and 
chemical dynamics in Mediterranean karst systems. 
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Changes in environmental conditions can significantly influence the properties of biotopes and, consequently, the characteristics of 
forest stands, as well as their growth dynamics and carbon accumulation. Understanding these processes that affect forest growth is 
essential for predicting how forest ecosystems will respond to climate change (Mikulenka et al., 2020; Etzold et al., 2019). Long-term 
analysis of tree growth and atmospheric deposition helps monitor trends and assess their impacts on forest vegetation. 

The correlation between tree growth, environmental factors, and atmospheric deposition was analysed for four Level II ICP Forest 
monitoring plots in Romania. Environmental factors such as temperature and precipitation, annual growth, and pollutants including 
SO₄, NO₃, Cl, and NH₄ were evaluated. Increases in pollutant levels negatively affect soil properties (Zhu et al., 2016). The results 
showed a strong relationship between tree growth and environmental factors. Tree growth was positively correlated with 
temperature, and overall, annual temperatures had a greater influence on growth than precipitation. Growth was also affected by the 
occurrence of extreme climatic events such as droughts and heatwaves. A decreasing trend in pollutant deposition over the past 15 
years was also observed. 

This downward trend in atmospheric deposition is evident both for open-field measurements and for those recorded under the forest 
canopy, with 2024 exhibiting some of the lowest values. 
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We present results of ozone measurements from 1993 to 2025 at the Poľana - Hukavský grúň location. Ozone is a gaseous air 
pollutant present in remote areas and still exceed the threshold value for adverse effects. The plot is part of ICP Forests (Level II) 
and National Forest Monitoring System (ČMS Lesy) and the LTER network as well. The site is located in central Slovakia in the Poľana 
Mts. in the altitude of 850 m a.s.l. The forest stand is dominated by the fir-spruce-beech with admixture of the ash and maple (EEA: 
Central European mountainous beech forest). The ozone analyzer is located on top of the meteorological tower, at the height of 37 
m above ground level. At the beginning of the measurements, the upper platform of the tower (upper floor of the tower) was above 
the canopy level of the stand. Currently, the trees have outgrown the analyzer's location, bringing it to the canopy level.  

The annual average concentration from this period ranged from 35.72 ppb in 1997 to 53.98 ppb in 2022. Only years with more than 
75% of data were taken into account. In individual years, AOT40 ranged from 15.14 ppm h in 2024 to 54.61 ppm h in 2022. Since 
2014, we have also calculated PODy in Poľana - Hukavský grúň, when we had meteorological and soil properties data in addition to 
ozone data. POD1 for beech varied from 12.82 mmol m-2 PLA to 25.52 mmol m-2 PLA and POD1 for spruce from 17.66 mmol m-2 
PLA to 31.91 mmol m-2 PLA. Both critical levels for AOT40 a POD1 were exceeded in all years of the measurement. These results 
are comparable with other plots where we have measured ozone levels. In years 1998 to 2003 we measured ozone in the profile 
Kováčová (430 m a.s.l.) – Poľana – Hukavský grúň (850 m a.s.l.) – Predná Poľana (1,260 m a.s.l.) and in 2014 up today we measure 
in Žibritov (520 m a.s.l.), Turová (640 m a.s.l.) a Poľana – Hukavský grúň (850 m a.s.l.). The levels of ozone concentrations increased 
with altitude, anyway, these plots had the same course in the time.  
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In forested landscape, roadsides form continuous early-successional habitats1. Therefore, linking their successional trajectories and 
environmental factors to functional diversity is ecologically significant, as it supports ecosystem functioning and the services provided 
by road verges2,3. Our study aimed to characterize temporal vegetation development on newly built forest road verges and to assess 
how vegetation composition changes spatially with distance from the road edge. The study was conducted from 2017 to 2024. In 
total, three newly built or reconstructed forest road sections were monitored in six assessments, with ground vegetation on each 
section recorded in 20 permanent plots (3 × 10 m). In addition, to understand how ground vegetation changes with distance from 
the road edge, in 2024 three different managed forest road types were surveyed. Altogether, 150 one-time transects (each 10 m 
long) were established, and within each transect 20 plots of 1 m² were surveyed. Over the monitoring period of the permanent plots, 
functional diversity, expressed as Rao’s quadratic entropy, increased during the early years and then stabilized, indicating a shift from 
habitat filtering toward more functionally diverse and relatively stable communities. A significant increase was observed not only in 
total species richness but also in the occurrence and abundance of invasive plant species. Spatially, vegetation changed with 
increasing distance from the road edge, as nutrient- and light-demanding species declined and species adapted to lower resource 
availability increased toward the forest edge. The highest species diversity was recorded along wider roadsides, while roadsides with 
ditches supported higher overall functional diversity. The study was supported by the projects “The impact of forest management on 
ecosystem services provided by forests and related ecosystems” (No. 5-5.9.1_007n_101_21_76) and “Forest Roads as Multifunctional 
Ecosystems: Biodiversity, Ecosystem Services, and Disservices”, grant No. LZP-2023/1-0558. 
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Mediterranean forests showed high vulnerability to the harshening of climate, although be considered well adapted to drought 
conditions and recurrent heat waves. Mediterranean forests are characterized by the presence of rear edge (xeric) populations of 
mesophilous species largely distributed in Central Europe (i.e., Pinus sylvestris, Abies alba, Fagus sylvatica, Quercus petraea, Quercus 
robur), beyond evergreen oakwoods (Quercus ilex and Quercus suber) and shrubs. Mesophilous populations occupy very fragile 
ecological niches and they are seriously threatened by small climate variations, with consequent loss of intraspecific biodiversity. 
Evergreen oak forests suffer extreme heat waves and drought, with episodes of tree dieback and mortality across the whole 
Mediterranean basin, including the mountain populations in North Africa. Generally, tree dieback and mortality are made more serious 
by biotic interactions (e.g. with Phytophthora sp.pl. and Biscogniauxia sp.pl. in broadleaved and with bark beetles in conifers). This 
phenomenon, often, is not adequately represented in the current ICP Level I network and require specific surveys at regional level. 
This contribute shows the cases of dieback and mortality due to climate change (fire, windstorm, insect outbreaks), observed in the 
field and reported in literature. In addition, this presentation tries to establish mechanistic relationships between tree vitality decline 
and the ecology of forest tree species. Finally, we propose the steps for a common frame for the assessment and analysis of the 
impacts of climate change on Mediterranean forests. 
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High- The ICP Forests Level II sites provide detailed, long-term data on forest ecosystems. For each measurement site there is a 
corresponding open land site which has been primarily utilized for monitoring background information (e.g. meteorology and 
deposition). Within the AI4EcoServices project we aimed to derive further ecological information from existing open land sites: Hence 
we assessed ground vegetation (GV) in both the forest stands and their corresponding open land sites across six ICP Forests core sites 
in Austria. GV assessments were carried out in accordance with the ICP Forests Manual. 

For each site, Ellenberg indicator values were derived according to Karrer (2024). These values are well established for Austrian flora 
and provide insights into the ecological conditions (e.g. light, soil moisture, fertility and pH) associated with individual plant species 
occurrence. The central objective of the presented study is to compare the distribution of Ellenberg values and characterize ecological 
differences across Austrian ICP Forests core sites as well as corresponding open land sites. 

In addition, soil samples were collected in parallel to the vegetation assessments and will be analyzed using eDNA-based 
metagenomics. Once these data become available, we will evaluate how observed aboveground vegetation diversity relates to 
belowground biodiversity in terms of species richness and functional diversity. 

Our findings highlight the potential of making use of open land stations within the ICP Forests project. Furthermore, we illustrate 
how Ellenberg indicator values can serve as an effective tool for analysing ground vegetation patterns and comparing ecological 
conditions across sites. 
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Deep rooting is a critical trait for drought tolerance, yet quantitative knowledge of root distributions across tree species and soil 
properties remains limited [1, 2]. This study characterises fine-root distribution patterns and maximum rooting depths in mono and 
mixed species forests based on ~2,000 soil profiles from Switzerland and it is intended to extend the study to the continental scale 
with root, tree and soil data from ICP Forests’ Level I and II plots.  

Root presence was recorded semi-quantitatively along soil profiles together with maximum rooting depths and associated soil and 
stand properties. Species specific traits and soil properties were analysed, and root distribution curves (beta curves: Y=1-βd) were 
modelled to derive species- and soil-specific rooting patterns [3]. Trait-specific beta curves were then compared and analysed for 
site, stand, and soil properties, such as for topographic, and climate data, focusing on profiles only deeper than 1m soil depth, to 
avoid skewed beta calculations.  

In monospecific stands (dominant species >50% canopy cover), linear models (LMs) explained 29.7% of beta variance, with main 
contributions from species identity, soil density, hydromorphic soil properties, mean annual precipitation, and soil type. In contrast, 
in mixed species stands, LMs explained 22.1% of beta variance, while main contributors were species identity, soil type, hydromorphic 
soil properties, tree height, soil density. Specific contribution levels have not been disclosed, given the preliminary nature of the 
results. We plan to integrate data from ICP Forests sites to test whether these relationships hold across broader climatic and edaphic 
gradients. With these results we aim to improve mechanistic modelling of soil water availability, root water uptake, and forest 
development under current and future climate conditions. 
 

References 

Meusburger, K., Trotsiuk, V., Schmidt-Walter, P., Baltensweiler, A., Brun, P., Bernhard, F., Gharun, M., Habel, R., Hagedorn, F., Köchli, 
R., Psomas, A., Puhlmann, H., Thimonier, A., Waldner, P., Zimmermann, S., & Walthert, L. (2022). Soil–plant interactions modulated 
water availability of Swiss forests during the 2015 and 2018 droughts. Global Change Biology, 28, 5928–5944. DOI: 
10.1111/gcb.16332.  

Pietig, K., Kotowska, M., Coners, H., Mundry, R., & Leuschner, C. (2026). Deep rooting revisited: Comparing the rooting patterns of 
European beech, Sessile oak, Scots pine, and Douglas fir in sandy soil to 3.8 m depth. Forest Ecology and Management, 600, 
123288. DOI: 10.1016/j.foreco.2025.123288. 

Gale, M. R. & Grigal, D. F. (1987). Vertical root distributions of northern tree species in relation to successional status. Can. J. For. 
Res. 17: 829-834. 

  



C
O

N
T

A
C

T
S

 
  

 FORECOMON 2026 
 BOOK OF ABSTRACTS 70 

 

Session 2 

Poster presentations 

Tree Growth Onset and Cessation Changes within the 
2010–2024 Period on the ICP Level II Monitoring Plots in 
the Czech Republic 

Nikola Tričković, Monika Vejpustková 

Forestry and Game Management Research Institute, Czech Republic, trickovic@vulhm.cz 

In 2010, seven core ICP level II plots in the Czech Republic were equipped with girth bands (DB20, EMS Brno), and four of these were 
also equipped with electronic circumference dendrometers (DR26, EMS Brno), to track changes in tree growth over time. Fifteen years 
of hourly growth data from electronic dendrometers were analysed for two plots with different tree species: Norway spruce (Picea 
abies L. Karst) and European beech (Fagus sylvatica L.). The raw data were cleaned of noise, and small data gaps were filled using 
linear weighted interpolation. Daily mean diameters were then calculated from the hourly readings. The zero growth concept (Zweifel 
et al. 2016) was applied to the daily means to remove the tree water deficit‐induced reversible stem shrinkage. Subsequently, the 
modified intra-annual growth was fitted with a Gompertz function. Growth onset and cessation were defined as the 5th and 95th 
percentiles or the 5th and 85th percentiles of the total annual growth, depending on the species. The results indicate a mild 
prolongation of the growing season both for Norway spruce and European beech on their respective plots. For both plots, the results 
show that growth onset and cessation don't occur simultaneously for all trees on the plot, but rather within approximately two weeks 
for Norway spruce and within about a month for European beech. During years of growth depression, such as 2018 for spruce and 
2020 for beech, trees exhibited slower and more variable growth. The method worked well for dominant trees and under normal 
growth conditions, but was less reliable for slow-growing trees and during periods of reduced growth. 
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The aim of this research was to analyse the influence of climatic elements and drought indices on the crown defoliation of pubescent 
oak and Aleppo pine. The study was conducted on the Istrian Peninsula, where data on crown defoliation were collected from 
bioindicative plots following the method of Eichorn et al. (2020). Data were analysed for the period 2000–2023. Meteorological 
drought was assessed using the Rainfall Anomaly Index (Van Rooy, 1965). Spearman correlations were performed to evaluate the 
relationships between climatic elements, drought indices, and tree crown defoliation. Trends in the number of trees with significant 
crown defoliation (>25%) and with defoliation greater than 60% were analysed using the Mann–Kendall trend test. The highest 
proportions of pubescent oak (59%) and Aleppo pine (54%) trees were recorded in defoliation class 2. The lowest proportions of 
pubescent oak (2.1%) and Aleppo pine (3.9%) trees occurred in the >60% defoliation classes (classes 3 + 4). A significant correlation 
(r = –0.45*) was found between the number of pubescent oak trees in the 0–10% defoliation class and both the Rainfall Anomaly 
Index and total precipitation. The number of pubescent oak trees with significant crown defoliation (>25%) showed a significant 
decreasing trend (p = 0.01), whereas no such trend was observed for trees with defoliation greater than 60%. No correlations were 
found between climatic elements or the drought index and crown defoliation in Aleppo pine. Although an increasing trend in the 
number of Aleppo pine trees with significant crown defoliation (>25%) was observed, it was not statistically significant (p = 0.33). 
The decreasing trend in the number of Aleppo pine trees with defoliation greater than 60% was statistically significant (p = 0.05). No 
statistically significant differences were found in crown defoliation between pubescent oak and Aleppo pine for the >25% and >60% 
defoliation classes. 
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The structure and morphology of vegetation significantly influence the amount of throughfall, the number of drops, the size of drops, 
and their falling velocity. Throughfall characteristics affect the erosive power of raindrops, which is the main driver of soil erosion. 
However, studies of rainfall erosivity dynamics in relation to rainfall interception remain rare, as high-frequency rainfall and 
throughfall drop size distribution data are required to investigate this relationship. 
We present a comparative analysis of throughfall characteristics in three different environments: under an individual pine tree in an 
urban park, in a mixed urban forest, and under a maize crop in an agricultural landscape, using OTT Parsivel2 optical disdrometers. 
The disdrometer determines drop velocity from the duration of the interruption and drop diameter from the size of the interruption. 
A total of 33 throughfall events were analysed between 19 July 2024 and 9 September 2024: 12 under the pine tree, 12 in the urban 
mixed forest, and 9 under the maize crop. For precipitation in the open, the amount, duration, and intensity of rainfall were calculated. 
For throughfall, the total number of drops, and their average size and velocity were calculated. Velocity-diameter diagrams for each 
throughfall event were created, and hierarchical clustering was used to identify similarities between them.  
Throughfall was highest under the maize crop (98%), where average drops were the largest (4.1 mm) and the fastest (3.3 m/s). 
Throughfall was also higher in the mixed forest (83.7%) compared to the pine tree (21.7%) in urban park. The hierarchical clustering 
method separated all 33 throughfall events into three clusters. Cluster 1 included all events under the single pine tree and four 
events under the maize. Cluster 2 included all events in the mixed urban forest, and cluster 3 included the remaining five events 
under the maize. The throughfall events under the maize in cluster 3 were generally larger and more intense than those in cluster 1. 
Furthermore, the throughfall events in cluster 3 had drops larger than the raindrops, which was not the case for the events in cluster 
1, where these two values were similar. When the maize LAI is lower, more direct throughfall reaches the ground, resulting in more 
similar drop sizes between throughfall and rainfall in the open. Further investigation is warranted, possibly including longer time 
periods and other vegetation types. 
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Since 2018, repeated years of extreme drought have caused substantial declines in tree vitality across Central Europe. Climate-
sensitive regions such as the Upper Rhine Valley have been particularly affected due to comparatively low precipitation and elevated 
temperatures. Forest condition reports from this area indicate above-average crown defoliation and mortality, with pronounced 
differences among tree species. 

These species-specific responses suggest contrasting drought adaptation strategies. In particular, fine-root traits may be key 
determinants of drought resilience, potentially interacting with differences in mycorrhizal association and soil resource acquisition 
strategies. 

We investigated six broadleaf tree species in the Lenneberg Forest near Mainz (Germany): Tilia cordata, Quercus robur, Fagus 
sylvatica, Fraxinus excelsior, Acer platanoides and Prunus avium. The study site is operated as an intensively monitored forest 
ecosystem plot following the ICP Forests Level II standard, enabling the integration of detailed below- and aboveground 
measurements. The selected species show contrasting crown condition and mortality patterns and represent different dominant 
mycorrhizal types, with three ectomycorrhizal and three arbuscular mycorrhizal species. 

Fine-root traits were quantified from soil cores sampled at three depth increments. Roots were separated into absorptive and 
transport fractions, and species-specific traits included specific root length, root tissue density and mean root diameter. For 
ectomycorrhizal species, the degree of mycorrhizal colonization was additionally assessed. Belowground trait variation was related 
to aboveground vitality indicators, particularly crown defoliation. 

Our study provides new insights into how belowground resource acquisition strategies contribute to species-specific drought 
responses and differences in tree vitality. These results improve the mechanistic understanding of drought impacts on forest 
ecosystems under climate change and support the interpretation of vitality assessments in intensive forest monitoring. 
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Natural forest reserves, characterized by minimal human intervention, serve as valuable reference sites for understanding the natural 
functioning and long-term dynamics of forest ecosystems under various disturbance regimes. This study aims to analyze tree mortality 
and vegetation dynamics in coniferous-dominated stands within the Dubrava Forest Reserve following a series of severe Ips 
typographus outbreaks and windthrow events, providing insights into post-disturbance dynamics and natural recovery processes in 
unmanaged forest ecosystems.  

Study objectives: (i) quantify tree mortality and assess changes in stand structure and vegetation composition following natural 
disturbances; ii) identify the main structural and environmental factors influencing regeneration and ingrowth processes; and (iii) 
evaluate post-disturbance successional trajectories to better understand natural recovery patterns in unmanaged coniferous forest 
ecosystems. The study was conducted in the Dubrava Forest Reserve (central Lithuania) using 53 permanent observation plots 
established in 1996. Plots were re-measured in 1998, 2001, 2011, 2016, and 2022 following the Lithuanian Forest Inventory (NFI) 
methodology. The highest mortality occurred in Norway spruce (Picea abies (L.) H. Karst), with Ips typographus outbreaks and wind 
identified as the main mortality agents. The importance value of spruce declined significantly, whereas the volume of Scots pine 
(Pinus sylvestris L.) increased. The volumes of small-leaved linden (Tilia cordata) and English oak (Quercus robur) also showed an 
upward trend. Overall, the proportion of coniferous species decreased from 74% to 65%. Tree mortality stimulated ingrowth, although 
the number of recruits remained lower than the number of dead trees. Stand structural and environmental variables were significant 
determinants of regeneration. Spruce and other tree species regeneration was inhibited in stands characterized by a high density of 
common hazel (Corylus avellana) and rowan (Sorbus aucuparia), indicating that interspecific competition from these species can 
substantially constrain spruce establishment. 
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Soil health underpins ecosystem stability, nutrient cycling, resistance to pathogens and climate extremes, and trophic network 
integrity. Despite its critical role for human and environmental well-being, harmonized and validated soil health assessment 
methodologies are still lacking, as highlighted by the recently adopted EU Soil Directive. Given the diversity of European soils and 
climatic zones, region- and soil-specific evaluation of monitoring approaches is required. 

The BIOsevicES project aims to (i) assess soil biodiversity across land-use types and European regions, (ii) identify how soil biodiversity 
supports ecosystem functions and services, (iii) determine key drivers including management, pollution, and climate change, (iv) 
quantify the economic value of soil biodiversity–driven ecosystem services, and (v) develop indicators, models, and digital decision-
support tools for climate-resilient soil management. 

Data collection was conducted across five European biogeographical regions (alpine, Atlantic, continental, Mediterranean, and boreal) 
and three land-use intensity classes per region. Soil campaigns evaluated biological (viruses, archaea, bacteria, fungi, protists, 
nematodes, mesofauna, macrofauna, and earthworms) and physical–chemical parameters (structure, bulk density, compaction, 
erosion, nutrients, pH, and contaminants). 

Pilot results indicate that soil structural properties strongly influence the applicability and performance of monitoring methods, and 
approaches developed for mineral soils may not be suitable for organic soils. Changes in biodiversity within one organism group may 
correspond to compensatory responses in others, suggesting the potential for indicator taxa (e.g., fungi). However, indicator responses 
vary among regions and land-use types, highlighting the necessity of locally adapted assessments. Weather conditions during 
sampling substantially affect results and must be standardized or accounted for analytically. 
 


