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Importance of forest and peatland soils in 
climate change mitigation



Forest-based climate change mitigation potential

• A total of 136-155 MtCO2eq/yr 
by 2050 (EU-27, Norway, 
Switzerland and UK).

• Challenging to achieve the EU’s
climate targets for the LULUCF 
sector 170 MtCO2eq/year by
2050.

Source: Verkerk et al. 2022. Forest-
based climate change mitigation
and adaptation in Europe. From
Science to Policy 14. European 
Forest Institute. 
https://doi.org/10.36333/fs14
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Role of peat soils in mitigation of C loss emphasized
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Peatlands and their emissions in Europe
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Further measurements and sharing of soil data, models, and 
expertise are needed to reduce uncertainty in GHG inventories
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Across all reported EU 
countries, the total 
emissions of organic forest 
soils were 25 Tg CO2 eq and 
the total sink of mineral 
soils was 102 Tg CO2 eq 
(including deadwood and 
litter).

Figure 1. Soil C stock change for mineral soils and 
organic soils according to land area in forest land. 
Data obtained from 2024 submissions to the 
UNFCCC (latest year for reporting is 2022). 

Source: Mäkipää et al. 2025. Forest soil challenges in Europe: Solutions through sustainable forest management 
and monitoring. Policy Brief 1/2025. Natural Resources Institute Finland (Luke).
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Forest management affects soil C stock and 
GHG balance



PolicyBrief (2023, in 13 languages, 
https://holisoils.eu/policy-briefs/) 

Source:

Forest soils can increase climate change mitigation with 
targeted management
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• 4.7 mill ha (ca. 50% of peatland area), of which large proportion is approaching the time of final felling 

• Drained to increase wood production (mainly from 50s to 70s)

• As a side product: negative environmental effects

• Nutrient loading to waters 

• Significant GHG emissions

• Loss of biodiversity

Case: drained peatland forest in Finland

pristine → drained → monitoring environmental impacts 



Case: drained peatland forest in Finland
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Ecosystem-scale CO2, CH4 and N2O 
fluxes at a drained peatland forest after
clear-cutting (Tikkasalo et al. 2025)
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• CO2

• GPP (pioneer species) offsets approx. 36 % of Reco

• Annual fluxes in line with prior studies (Korkiakoski et al., 
2023)

• CH4

• Small emissions, yet indicative of small microsites suitable 
for CH4 emissions

• N2O 

• Steady emissions observed throughout the measurement 
period

• No clear freeze-thaw signal

• Annual N2O emissions were clearly higher than in prior 
studies (e.g. Minkkinen et al., 2020)

• TOTAL annual GHG emissions

• CO2 23.3 t CO2-eq ha/yr, 82.5% of the total, 

• N2O 4.8 t CO2-eq ha/yr, 17.1%

• CH4 0.1 t CO2-eq ha/yr, 0.4%

Source: Tikkasalo et al. 2025. Eddy-covariance fluxes of CO2, CH4 and N2O in a 
drained peatland forest after clear-cutting. Biogeoscience, 22. 



CO2 emissions are significant after clear-cut in 2021

Source: Tikkasalo et al. 2025. Eddy-covariance fluxes of CO2, CH4 and N2O in a 
drained peatland forest after clear-cutting. Biogeoscience, 22. 
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Case drained peatland forest in Finland

Traditional (BAU) management: 
Clear-cutting of even-aged stand

Proposed management:  
Continuous cover management
Avoiding maintenance ditching

How transition from rotation forestry and clear-cutting to selection harvesting can mitigate 
emissions and other negative impacts of forestry

Source: Lehtonen et al. 2023. Scientific Reports 
https://doi.org/10.1038/s41598-023-42315-7



Avoiding clear-cuts in fertile drained peatlands can 
reduce emissions in Finland by 1 – 1.2 Tg CO2

Source: Lehtonen et al. 2023. Scientific Reports 
https://doi.org/10.1038/s41598-023-42315-7
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• We studied the impact of avoiding clear-cuts on fertile drained peatlands
by coupling simulation models for tree growth, soil hydrology, soil GHG 
exchange

• We evaluated the emission reduction by moving from BAU management to 
CCF management with fertile drained peatlands, while keeping same 
harvesting level for Finland

 
Results

• (A) emission reduction for Finland 1– 1.2 Tg 
CO2 per year

• (B) Regions are different, highest gains in 
emissions reductions can be obtained with 
regions that have mature spruce dominated 
forest stands on fertile drained peatlands 

 

(A)

(B)



• On drained peatlands, forest management 
affects soil GHG fluxes. GHG emissions
can be mitigated by avoiding clear-cuts

• Research results disseminated and well 
received by large scale forest owners. 

• Small scale forest owners need guidance / 
regulation / subsidies?

• Challenge for research: there is a need to 
find better measures to control water table 
to avoid GHG emissions 

Conclusions



Thank you for your attention

aleksi.lehtonen@luke.fi
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