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• Climate-change affects forests and forest 
soils though variety of stressors e.g. forest 
fires, windstorms, prolonged droughts

• Depending on location and forest 
characteristics consequences can be are 
more or less visible

• Strong need to take into account regional 
context and current forest conditions when 
deciding on which CSF management strategy 
to apply

Bark beetle calamity in Netherlands, 
2023 (photo: Filipek)

A one-size-fits-all solution does not work! 

Patacca et al. 
2023

Storm Éowyn Damage in Ireland, 2025 
(photo: Coillte)

Wildfires in Spain, August 2025 (photo: 
CESEFOR)



• Evidence-based literature and reviews

• Modelling tools to evaluate most likely trajectories of applied 
CSF strategies and their long-term effects on provision of 
ecosystem services and forest soil

How to foresee effects of CSF management 
strategies?

Need more than 100 years to see results



To evaluate selected CSF management strategies we applied two types of models:
• EFISCEN-Space  empirical European forest resource model
• ECOSSE mineral and organic soil model

Our approach



• Simulated 17 EU countries that represent more 
than 126 million ha of forests

• Wide range of European forests from 
Mediterranean to Boreal regions

• Used National Forest Inventory (NFI) data available 
per country to determine current forest state

In total simulated more than 287 540 NFI inventory plots.



Scenarios storylines of CSF management strategies

1. Soil protection
• Protect existing soil carbon e.g. avoiding clearcuts and diversifying tree species 

composition 
• Measures applied only on selected areas such as (1) peatlands, (2) soils vulnerable 

to droughts and (3) soils vulnerable to landslides

2. Soil-smart management
• Safeguard soil health and ensure long-term ecosystem productivity
• Reduced thinning intensity by 25% across all forests

3. Climate adaptation
• Towards climate-adapted and resilient forest
• Replaced tree species expected to suffer under future climate by more suitable 

species and diversify current tree species composition  
Wessely et al. (2024) 

Mäkipää et al. (2023)

Martin et al. (2024); ELSUS v.2; HWSD FAO 2012 



What are the outcomes of simulated scenario storylines?



• Soil protection
• Protection of existing soil carbon and improved 

species mixture increased ABG by 3.7 ton C/ha in 
2050 and 9.3 ton C/ha in 2100, especially in 
Mediterranean regions, Ireland and Finland

• Soil-smart management
• Across all Europe visible increase by 4.3 ton C/ha in 

2050 and 10.1 ton C/ha in 2100
• Strongest impacts in Central Europe and the eastern 

part of Mediterranean region (e.g. Italy, Croatia)

• Climate adaptation
• Increase by 5.7 ton C/ha in 2050, but stronger 

impacts towards end of the century with 30.9 ton 
C/ha in 2100 as result of underplanting

• Only in few countries such Germany, Czech, Croatia 
biomass was reduced up to 10 ton C/ha in 2050

Effects on aboveground biomass (ABG)
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Maps show results aggregated at 0.5 degree grid resolution.



Effects on harvest
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• Soil protection
• Avoiding clearcuts had a minor effect, with same 

harvest level in 2050 (approx. 518 million m3) and a 
reduction of only 6 million m3 in 2100

• Soil-smart management
• Reduction of harvest (thinning) intensity led to 

decrease in harvest by 41 million m3 in 2050  and 
10 million m3 in 2100

• Stronger effects in Central Europe and Scandinavia 
in 2050 and only in Scandinavia in 2100 

• Climate adaptation
• Overall increase by 59 million m3 in 2050 and 203 

million m3 in 2100 as a results of more harvestable 
wood being available

• Across many locations harvest increased up to 3 
m3/ha in 2050, and 3 – 10 m3/ha in 2100

Maps show results aggregated at 0.5 degree grid resolution.



Effects on soil organic carbon (SOC)
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MPI26 – soil organic carbon (soil depth of 100 cm)– C ton_per_ha

• Soil protection
• General increase in SOC in both 2050 and 2100, with 

mean SOC change of 1.7 and 15.2 ton C/ha
• Accumulation in 2100 ranges from 2.7 ton C/ha in 

Germany to 60 ton C/ha in Ireland
• Soil-smart management

• Overall positive impact as more biomass stays in forest, 
with mean SOC changed by 2.0 ton C/ha in 2050 and 
25.0 ton C/ha in 2100

• Highest accumulation in Czech Republic and Luxembourg 
(over 50 ton C/ha) and lowest in Norway (2.9 ton C/ha) 
in 2100

• Climate adaptation
• Increased litter inputs to soil result in higher 

accumulation of carbon in soil, with mean SOC change of  
4.2 toc C/ha in 2050 and 54.3 ton C/ha in 2100

• Highest soil carbon accumulation in whole Central 
Europe, Italy and south of Scandinavia by the end of 
2100

Maps show results aggregated at 0.5 degree grid resolution.



• As European forests are highly diverse effects of CSF 
management strategies differ per country/regions depending 
on local conditions.

• Focus on specific vulnerable and risk areas ensures minimal 
impact on overall harvest levels as regular harvest continues 
in other forests. This allows to maintain economic benefits 
while protecting critical ecosystems.

• Large-scale changes in harvesting practices (e.g. conversion 
from ESF to CCF) and planting results in substantial increases 
in biomass, higher soil litter inputs, SOC stocks and more 
diverse forest structure.

• For example, lower harvest (thinning) intensity and 
investment in planting can maintain carbon sink in longer-
term

Conclusions & takeaways

Maps highlights specifics vulnerable and risk areas 
used in soil protection scenario storyline.



• Our results warn against overly ambitious management objectives
• Some clear trade-offs emerged suggesting that some objectives might not be 

reached and optimal management solutions will differ from place to place
• No silver-bullet to facilitate provision of all ecosystem services, flexibility in how to 

reach defined objectives is needed

• Overall, forest managers will have to make difficult choices in terms of what they 
want to achieve, and at which cost with their forest management. 

Recommendations



Thank you for your attention!

sara.filipek@wur.nl


	Effectiveness of Climate Smart Forest management strategies in Europe
	Slide Number 2
	How to foresee effects of CSF management strategies?
	Our approach
	Slide Number 5
	Scenarios storylines of CSF management strategies
	What are the outcomes of simulated scenario storylines?
	Effects on aboveground biomass (ABG)
	Effects on harvest
	Effects on soil organic carbon (SOC)
	Conclusions & takeaways
	Recommendations
	Thank you for your attention!��sara.filipek@wur.nl

