
Trade-offs and synergies 
between forest management 

objectives for Europe

Sebastiaan Luyssaert, Guillaume Marie, Kyle Eyvindson, Chao Yue, Pengyi 
Zhang, Jina Jeong, Anna Peregon, Ilié Storms, Marine Lanet, Omar Flores, Filip 

Kiałka, Bertrand Guenet, and Kim Naudts



Disclaimers:
- Points raised during and following the presentation of 
10/10/25 will be further investigated in the coming 
weeks/months. This is likely to result in changes and 
refinements of the results presented.
- The results in this presentation have not been peer 
reviewed yet and might be subject to changes following 
peer review prior to publication
- The results presented here should NOT be cited prior to 
publication and thus peer review.



Future proof management advice (figure: AR6 WG1, Climate Change 2021: The Physical Science Basis)

Change in global near surface air temperature (◦C)



Objective of this study

Propose spatially explicit forest management 
portfolios to enhance: (1) soil carbon, (2)  soil 
function, (3) wood production, and (4) climate 
change mitigation. 

The proposed portfolios should achieve the 
management objective irrespective of the exact 
evolution of the future climate, also called 
robust-solutions.  



Methods



Why using yet another model?
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ORCHIDEE simulates key interactions between cycles



Historical run 1991 to 2015 to 
evaluate against observations

Outline of the simulation experiment
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Tested management measures 
for three management systems:
1. Stand fertilisation 
2. Residue management
3. Thinning intensity 
4. Rotation length
5. Plant functional type

Outline of the simulation experiment

Tested climate scenarios:
1. SSP1-RCP2.6
2. SSP3-RCP7.0
3. SSP5-RCP8.5

x

60 EU-wide simulations of 85 years each 
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Tested management measures 
for three management systems:
1. Stand fertilisation 
2. Residue management
3. Thinning intensity 
4. Rotation length
5. Plant functional type

Outline of the simulation experiment

Tested climate scenarios:
1. SSP1-RCP2.6
2. SSP3-RCP7.0
3. SSP5-RCP8.5

x

60 EU-wide simulations of 85 years each
Management optimisation 



Results & discussion



Soil carbon (foto: https://www.indigoag.com/blog/how-does-soil-carbon-sequestration-work)

Soil carbon:
• Maximise total soil and litter

carbon 
• Time frame: 2015 to 2100



Soil carbon (first choice)

100% of maximum



What does experiments teach us? (Tang et al .2023, Adamczyk et al 2025)

Figure 1 Overall effects of N  addition on soil organic 
carbon (SOC), particulate organic carbon (POC), and 
mineral associated organic carbon (MAOC) pools



What does experiments teach us? (Aber et al 1998)

Figure. Response of temperate forest 
ecosystems to long-term chronic 
nitrogen additions. 

Retention               Leaching            Growth decline  



Soil carbon (second choice - no fertilisation)

75% of maximum



Soil function (cartoon: Holisoils artwork)

Soil function:
• Maximise total soil and litter carbon
• Minimise peak water stress
• Minimise peak runoff
• Maintain or enhance soil fauna
• Time frame: 2015 to 2100



Wood production: 
• Maximise wood harvest
• Maintain or increase current total soil

and litter carbon
• Maintain or increase current biomass
• Time frame: 2015 to 2100

Wood production (foto: www.freepik.com/premium-photo/wood-industry-production-wooden-boards_92970293.htm)



Wood production (first choice)

99% of maximum



What does experiments teach us? (Jarvis & Linder 2000)

Figure. Annual increment of stem volume 
in stands of young Norway spruce at 
Flakaliden (Sweden).  Control (red 
circles), irrigation (blue triangles), solid 
fertilization (yellow circles) and 
combined irrigation and fertilization 
(green triangles).



Wood production (second choice - no fertilisation)

95% of maximum



Climate mitigation: 
• Maximise carbon sink
• Minimise N2O emissions
• Maximise evapotranspiration
• Minimise soil temperature
• Maximise albedo
• Time frame: 2015 to 2100

Climate mitigation (foto: https://www.moving-h2020.eu/news/strategies-climate-change-mitigation)



Climate mitigation (first choice)

60% of maximum



Soil 
carbon

Soil 
function

Wood 
production

Climate 
mitigation

Soil carbon 100 90 50 50

Soil function 30 100 70 40

Wood production 75 65 100 80

Climate mitigation 60 60 55 100

When optimizing for the objective in the row XX% of the objective in the column 
can be achieved in a robust way without nitrogen fertilisation

Acceptable compromises between the four objectives



Acceptable compromises between the four objectives

Without nitrogen fertilisation



Soil 
carbon

Soil 
function

Wood 
production

Climate 
mitigation

Soil carbon 100 90 80 50

Soil function 30 100 60 40

Wood production 70 60 100 90

Climate mitigation 65 70 65 100

When optimizing for the objective in the row XX% of the objective in the column 
can be achieved in a robust way with large-scale nitrogen fertilisation

Acceptable compromises between the four objectives



Acceptable compromises between the four objectives

Without           &               with nitrogen fertilisation



Which objectives can be combined?

Variable Synergies Trade-offs
Harvest 2 3
Soil & litter C 3 4
CO2 eq. 3 3
Water stress 2 5
Run off 4 2
Biomass 3 4
Soil water 1 6
Drainage 2 3
Soil temp. 3 2
Albedo 0 5
TOTAL 23/90 37/90



Variable Synergies Trade-offs

Harvest 2 3

Soil & litter C 3 4

CO2 eq. 3 3

Water stress 2 5

Run off 4 2

Biomass 3 4

Soil water 1 6

Drainage 2 3

Soil temp. 3 2

Albedo 0 5

Which objectives can be combined?



Which processes can be managed?

Driven by climate change Driven by forest managementDriven by both



Conclusions



Conclusions

- Maintaining the current soil and biomass pools, Europe’s forest are 
close to optimally managed for wood production.

- Management could result in gains in soil carbon, soil function and 
climate impact of forests.

- The optimal management may differ by region.
- Largest gains are expected from management currently not commonly 

used: fertilisation, continuous cover forestry, and species changes 
- Such gains could come at a cost/gain for biodiversity, water quality, and 

other processes not accounted for in the model and the optimisation.
- Moderate expectations of what can be achieved through forest 

management: (a) 50% more trade-offs than synergies, and (b) some 
outcomes are dominated by the climate.


	Trade-offs and synergies between forest management objectives for Europe
	Disclaimers: �- Points raised during and following the presentation of 10/10/25 will be further investigated in the coming weeks/months. This is likely to result in changes and refinements of the results presented.�- The results in this presentation have not been peer reviewed yet and might be subject to changes following peer review prior to publication�- The results presented here should NOT be cited prior to publication and thus peer review.
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Slide Number 20
	Slide Number 21
	Slide Number 22
	Slide Number 23
	Slide Number 24
	Slide Number 25
	Slide Number 26
	Slide Number 29
	Slide Number 30
	Slide Number 31
	Slide Number 32
	Slide Number 33
	Slide Number 34
	Slide Number 35
	Slide Number 36
	Slide Number 37
	Slide Number 38
	Slide Number 39
	Slide Number 41
	Slide Number 42
	Slide Number 43
	Slide Number 44

