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Carbon Mitigation Potential of Forests

 Mitigation = Forest sink + Product sink + Substitution effects

Grassi et al. 
(2021)

                              Europe:              315    +         40            +       410 MtCO2e / yr
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Carbon Mitigation Potential of Forests

 Mitigation = Forest sink + Product sink + Substitution effects

Note: theoretical value, assuming substitution effect for every created wood product

Grassi et al. 
(2021)

                              Europe:              315    +         40            +       410 MtCO2e / yr
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Drivers of the carbon mitigation potential
What is the impact of each of them?

1) Forest age
2) Forest type
3) Climate change scenarios and associated disturbances
4) Harvest intensity
5) Wood usage
6) Salvage logging
7) Carbon intensity of replaced products

And: what about other ecosystem services?
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Idea: Factorial simulation experiment
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includes temperature-
related
disturbance increases

100% referring to currently
observed values

0%: current emission 
levels
100%: zero emissions

See Suvanto et al. (in 
prep.)

Idea: Factorial simulation experiment
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Here we show the change in
mitigation potential when one
driver is changed

Gregor et al. (in 
review)
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Higher harvest = lower carbon sink
Lower harvest = higher carbon sink

But total mitigation can go both 
ways! It depends on the carbon 
intensity of replaced products

Gregor et al. (in 
review)
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Our results indicate that 
diverging from currently 
sustainable harvest levels in 
central Europe will likely have 
negative effects on mitigation!

Gregor et al. (in 
review)

Higher harvest = lower carbon sink
Lower harvest = higher carbon sink

But total mitigation can go both 
ways! It depends on the carbon 
intensity of replaced products
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Needle-leaved forests generally 
have a higher mitigation 
impact!

Mainly because their wood is 
used more for long-lived 
products, not because of 
stronger growth (in terms of 
kgC/ha)

This however changes with 
assumptions about future 
disturbance rates!

Gregor et al. (in 
review)
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Increase of material wood 
usage instead of fuel wood has 
a clear benefit!

Gregor et al. (in 
review)
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Forests are more than carbon!
 Forests offer numerous other ecosystem services
 It is crucial to consider all ecosystem services!
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Forests are more than carbon!
 Forests offer numerous other ecosystem services
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Managing forests for mitigation and 
other ecosystem services

 Idea: create management portfolios that
 1. offer multiple ecosystem services

2. regardless of the climate scenario
 How to do that?
 → Robust multi-criteria optimization
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managed broad-leaved
coppice
managed needle-leaved
unmanaged

Robust Multi-Criteria Optimization

Gregor et al. 
(2022)
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Some management forms are good for some ecosystem services, but bad for others
Example: unmanaged forest: good for biodiversity, bad for harvests

Gregor et al. 
(2022)

Robust Multi-Criteria Optimization

managed broad-leaved
coppice
managed needle-leaved
unmanaged
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The spread shows: a management form might be both good or bad for an ecosystem service, depending on the RCP!

Example: unmanaged forests: low mitigation in high-emissions scenario (no wood products),
            high mitigation in low emissions scenario (forest carbon sink is more important)

Gregor et al. 
(2022)

Robust Multi-Criteria Optimization

managed broad-leaved
coppice
managed needle-leaved
unmanaged
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Our methodology creates management portfolios, 
that provide best possible balance of all ecosystem services under all RCPs

Gregor et al. 
(2022)

Robust Multi-Criteria Optimization

managed broad-leaved
coppice
managed needle-leaved
unmanaged
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Gregor et al. 
(2022)
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Gregor et al. (in prep.)

Obvious question: How can we reconcile this large 
fraction of unmanaged forests with the idea that 
material wood usage is beneficial for climate change 
mitigation?

→ allow pan-European constraints on harvest levels
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Gregor et al. (in prep.)

Keeping harvests at present day levels
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Gregor et al. (in prep.)

Keeping harvests at present day levels
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Impact of harvest and wood usage
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Impact of harvest and wood usage

higher harvest = lower carbon 
sink

higher harvest = higher total mitigation
(sink+substitution effects)

higher harvest = lower total 
mitigation!!
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Impact of harvest and wood usage

higher harvest = lower carbon 
sink

higher harvest = higher total mitigation
(sink+substitution effects)

higher harvest = lower total 
mitigation!!

Conclusion: higher harvest leads to lower sink. But whether it leads to higher mitigation depends on the substitution effects.
When substitution effects are still high (other products are still very carbon-intensive), decreasing sustainable harvests
probably has a negative impact for carbon mitigation, at least in the next decade

Gregor et al. (in 
review)
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Default LPJ-GUESS wood usage / decay

33% of stem harvests to product pool, 4% of the pool decays each 
year
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Wood Usage in Europe

We implemented 3 product 
pools (short-, medium-, long-
lived) and time-dependent 
decay rates (“Krausepools”) 



Konstantin Gregor - konstantin.gregor@tum.de  - @konni_gregor

Default LPJ-GUESS wood usage / decay

33% of stem harvests to product pool, 4% of the pool decays each 
year
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New LPJ-GUESS wood usage / decay

Krause et al. (2020), Gregor et al. 
(2022)
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Study Region: Bavaria
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Disturbances

Temperature-dependent and species-dependent disturbance intervals

Senf & Seidl (2021), Pugh et al. 
(2019)
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Generally lower potential for 
mitigation in RCP8.5 compared 
to RCP2.6.

Mainly because of high 
temperatures impairing forest 
regrowth, and disturbances

Gregor et al. (in 
review)
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Findings
 Much lower potential for mitigation in higher RCPs
 Much higher C sink in young forests

 Somewhat offset when including substitution effects
 Higher mitigation for needle-leaved forests
 Time aspect: substitution is important in next few decades
 No clear benefit of both decreasing and increasing harvests

 Considering both carbon sink and substitution effects
 Salvage logging plays minor role for carbon mitigation
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