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Forest Extent

Forest Europe 2025. State of Europe’s Forests

Total Forest Area: Over 227 million hectares in European continent,    
with a significant 9% increase over three decades.



Forest Expansion

Palmero-Iniesta et al. 2021. Eur. J. For. Res. 

1992-2015



Forest Growth

Pretzsch et al. 2023 Scientific Reports



Current trends in forest disturbances

- Strong increase in 
tree mortality in a 
range of European 
forest types
- Often attributed to 
heat, drought and 
other climate change 
related disturbances
- A potential threat to 
productivity and 
climate mitigation
potential

Patacca et al. 2023, Global Change 
Biology (open access)



Future trends in forest disturbances

Grünig et al. 2026 Science 

Climate change will increase forest disturbances in Europe throughout the 21st century 



Climate change adaptation: 

gap between belief and action

Sousa-Silva et al. 2018. Forest Policy & Economics



Forest owners/managers 

constraints/needs to adapt

Sousa-Silva et al. 2018, Forest Policy & Economics

constraints needs



Adaptation continues to lag behind

LOCK-INS TO ADDRESS

1. Forest owners & managers 

lack information (Sousa-

Silva et al. 2018)

2. Forest industry dictates

unadapted forest

composition & structure

3. Nature Conservation

implements EU Habitat 

Directive and Restoration

law non-climate smart; 

nativeness at national

scale is a threat for forest

continuity

Muys & Messier 2023 Annals of Forest Science



Resilience concepts

• Engineering resilience (Pimm, 1984)

• The time that it takes for variables to return towards their equilibrium 
following a disturbance.

• Ecological resilience (Holling, 1973)

• The system’s capacity to absorb external disturbance without changing as 
well as the ability to self-organize and build adaptive capacity.

• Social-ecological resilience (Resilience Alliance)

• The capacity of a social-ecological system to absorb or withstand 
perturbations and other stressors such that the system remains within the 
same regime, essentially maintaining its structure and functions. It 
describes the degree to which the system is capable of self-organization, 
learning, and adaptation. 

www.efi.int 



www.efi.int 

Nikinmaa et al. 2020 Current Forestry Reports



Proposed adaptation options

Nikinmaa et al. 2024. Priorities in managing forest disturbances to enhance forest resilience: For. Pol. Econ. 

Major Options: Species choice AND Stand tending



No regret measure:  
tree diversity as an asset

van der Plas et al. 2016, 
Nature CommunicationsCardinale et al. 2012, Nature

Tree diversity – Productivity Tree diversity – Insurance Tree diversity - multifunctionality



EFFECT on TREE VITALITY

Mixture does not affect mean survival rate in an

afforestation, but drastically reduces the uncertainty in the

outcome

Van de Peer et al. 2017, J. Appl. Ecol.

Survival rates

from FORBIO 

Tree Diversity

Experiment, 

Belgium

(based on 89,000 

young trees 

scored)



EFFECT on TREE VITALITY

Restoration of Mediterranean forest is more successful

when using mixtures

Van de Peer et al. 2017, subm.

Vitality scoring in 

IDENT Tree 

Diversity

Experiment, 

Macomer, 

Sardinia,

(19,700 young

trees scored)



Messier et al. 2022. For the sake of resilience and multifunctionality, let’s diversify 

planted forests Conservation Letters

Monocultures vs. Mixtures in forestry



Tree diversity as an asset

36 experiments, 900 ha of experimental area, 
1,200,000 planted trees



Forest Composition: Assisted migration

Climate change: threat to key tree species

Example: Norway spruce

Rigid Natura2000 habitat 

types and

nativism at national scale

may threaten forest

continuity.

Widen nativeness

definition to Native 

European and explore

assisted migration of 

species and provenances

(Prober et al. 2015)



Tree Species Distribution Modeling

19 Desie, Muys et al. 2023. Eindrapport Klimaatbomen. ANB



Tree Species suitability trends

20 Desie, Muys et al. 2023. Eindrapport Klimaatbomen. ANB

Increasing trend Decreasing trend

Suitable

Unsuitable



Management

Regimes

Scherpenhuijsen et al. 2025 Foreco



Harvesting trends in Europe

• Expressed per 50 x 50 km grid

• A considerable part is salvage 
logging

• RS monitoring as an early 
warning signal

• Needs further follow-up 

• Points to the need of 
management plans and local 
monitoring

Turubanova et al. 2023 Remote Sensing of Environment



Feasibility of wood as a 

sustainable feedstock for 

chemicals production in Europe

Arts et al. 2024, BioFPR

Predicted woody biomass

flows for Europe in 2050 in 

a renewable biorefinery

scenario



Compatibility between wood 

resources and chemical industry 

hubs

Arts et al. 2024, BioFPR

Spatial Distribution of the Woody 

Biomass Potential, the Wood 

based Industry, and the Chemical 

Industry in Europe



Are megafires the consequence of Climate change?

Or land management? 

The case of fire resilience



Davis et al. 2024. Foreco. Meta-analysis of thinning, 

prescribed fire on wildfire severity



Fire in the nexus

• Linear thinking

Fire 

risk

Forest cover

Fire 

management
- Sensibilization

- Prediction

- Fire fighting

Satisfactory protection
- Forests

- Real estate

- Human lives

Forest cover

Land abandonment

No land 

management

proportional

Fire risk
disproportional

Unsatisfactory 

protection

• Complex non-linear reality

Biomass

accumulation
Land conflicts
- Traditional land uses

- Urban development

Fire 

management
- Sensibilization

- Prediction

- Fire fighting

CC



Challenge 5: fire in the nexus

Morán-Ordóñez et al. 2020. Ecosystem Services 25: 101174.

How to manage for different ecosystem services under climate change, while reducing the megafire risk?



Fire in the nexus

Lecomte et al. 2018. J. Appl. Ecol.

Tardieu et al. 2018; in FAO SoMF

Rehabilitation of ungulates (rewilding or livestock)



Fire in the nexus

Verkerk et al. 2018. Forest Policy and Economics 86, 1-3

Circular bioeconomy opens opportunities for win-wins in a fire resilient landscape:

DRIVERS:

• Increased demand for bioenergy (larger cleaner installations)

• Investment in local cross-laminated timber mills

• New small-sized biorefinery investments to replace petrochemical industry

• Subsidies for biodiversity management 

EFFECTS:

• will reduce standing biomass stock in forests but increase forest vitality and increment

• will increase water infiltration and blue water harvesting

• will optimize climate mitigation between carbon sequestration, albedo effect and local cooling

• will increase biodiversity conservation in biodiversity hotspots/protected areas

• will offer a powerful fire prevention tool



Final Considerations

- European forest area is expected to expand further

- Climate change related disturbances become a major source of vitality loss

- European forests are a weakening carbon sink possibly evolving in a carbon 

source

- Mixture is an economic asset

- Major shifts in tree species composition need to be anticipated

- Depending on the Region, non-timber ecosystem services become more 

prominent, and may shift forest to zero or less intensive management

- Forest products will remain valuable resources; price levels will determine levels of 

mobilization

- Fire resilience is an interesting case for win-win management



Met dank 
voor uw

aanwezigheid

bart.muys@kuleuven.be

Thank you for

your attention
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