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Doughnut and the nine planetary
boundaries



De nio planetära gränserna

1. Climate change
2. Biodiversity
3. Stratospheric ozone
4. Ocean acidification
5. Biogeochemical cycles
6. Land use change
7. Freshwater use
8. Aerosols in the atmosphere
9. New chemical substances



Planetary 
boundaries

Find legend here:
https://www.stockholmresilience.org/research/planetary-
boundaries/planetary-boundaries/about-the-research/the-nine-planetary-
boundaries.html

https://www.stockholmresilience.org/research/planetary-boundaries/planetary-boundaries/about-the-research/the-nine-planetary-boundaries.html
https://www.stockholmresilience.org/research/planetary-boundaries/planetary-boundaries/about-the-research/the-nine-planetary-boundaries.html


Global EU’s energy and climate goals by 
2030:

• 40% lower GHG emissions compared to 1990
• 27% renewable energy
• 27% energy saving 



• By 2020: 40% GHG emissions (vs. 1990) & 50% renewable energy

• By 2040: 100% renewable electricity 

• By 2045: No net emissions of GHGs - thereafter achieve negative emissions. 

Swedish Governmental 
Framework Agreement 
on energy



Where is the 
renewable energy?

(Stats Sweden)



Sweden’s share of 
the world’s forests

(Skogsindustrierna, CEPI, PPI, FAO, Nationella Föreningar)



Världens ledande exportörer 
av massa, papper och sågade trävaror 2011
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(Gustav Egnell, SLU)

Can the forest stock 
deliver even further?



Demand for biomass from forests

(Börjesson et al., 2017)



Balancing other ecosystem services

(de Jong et al., 2017)



(Freeman et al., 2005)

”Ground” to sustain
forest growth?



Foreseeing feedback effects

(Zanchi et al., 2014)



Acidification & nutrient imbalances

(Belyazid et al., 2006)
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(Iwald et al., 2013)

Empirical evidence of 
“biological acidification”



(Jonard et al., 2014)

Nutritional imbalances



(Yu et al., 2017)



(Erlandsson et al., 2019)

Mapping nutrient budgets 
with ForSAFE



Upscaling



Upscaling 



Can climate change help 
redress the imbalance?

k=A*exp(-Ea/R*T)

2-4C -> 20-40% faster 
Biogeochemical processes

2-3 weeks longer growth
periods

(Arrhenius, 1903)

(Ryner, pers. comm.)



Weaker increase in mineral weathering than 
expected

(Belyazid et al., in review)



(Pers. Comm. Gustav Egnell, SLU)

(Bergh et al, 2005)



Combined higher temperatures and lower summer precipitation

(Belyazid and Zanchi, 2019)



(Zanchi et al., 2014)

Integrated assessment of multiple services



Driver precedence: 
Exchangeable base 
cations



Driver precedence: 
Nitrogen leaching



Driver precedence: 
Ground vegetation




