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How ecosystems absorb CO2 and store carbon 



Ecosystem C storage depends on :
• Rate of increase of carbon inputs by photosynthesis

• Fate of C in ecosystems { tissues formation, death, dead carbon 
decomposition by soil microbes, emissions by fires } = residence time
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A very simple predicts net ecosystem C storage in 
response to elevated CO2

CO2 fertilization effect

The net carbon balance response to high CO2 is a rectangular hyperbolic 
function of the stimulation of photosynthesis by CO2 : the  factor, and quasi 
proportional to the residence time of C in ecosystems : te
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Complex models used for IPCC have a similar structure & can be understood with this equation 

Ciais et al. 2005  



What is the value of the beta factor ?

They defined ß from net primary production which was easier to measure than ecosystem 
photosynthesis at that time, and used a log response ratio







Free Air Carbon dioxide 
Enrichment
Experiments FACE



What did they expect ? 

That nutrient availability would 

limit the effect of high CO2 on beta



What did they find ?

FACE
Iconic experiments 
where an entire 
forest is exposed to 
high CO2 during 
several years

Rick Norby





New FACE experiments are expanding the inference space

EucFACE
Eucalyptus forest
New South Wales, Australia

BIFoR-FACE
Old oak woodland
Central England

AmazonFACE
Primary tropical forest
Manaus, Brazil

Jiang et al., 2020, Nature
Norby et al., 2024, Nature Climate Change

Fleischer et al., 2019, Nature Geoscience





Norby et al. New Phytologist 2025 







In plants or in soils : nutrient limitation in fact determine 
where does the carbon go under high CO2 



Where does the carbon go under elevated CO2? 

Trade off : when more goes 
to biomass, less goes to soils



It’s the micorrhizea ! 

Arbuscular types AM
go inside the root
Take C from plants

Favor C storage in 
soils 

Ecto types ECM
Live around the root 
Take C but give nutrients

Favor C storage in 
plants



Cèpe is an 
ecto-
miccorhizae
increasing 
wood 
storage 
under high 
CO2
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