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Augmentation du puits de carbon terrestre 
land carbon uptake ENSO Pinatubo 



Causes de l’augmentation du puits de carbone? 

Los 2013 

Bellassen et al 2011 



Causes de l’augmentation du puits de carbone? 



Fermeture du bilan de carbone 

Lsink=FFsource + LUCsource – Osink – Asink  
Pan et al. 2011 



Modelisation de la biomasse aérienne 



Age des Forêt explique > 20% de l’erreur résiduelle 

UNDERESTIMATE 

OVERESTIMATE 



Processus	  dépendant	  de	  l’age	  
–  Carbon	  alloca5on	  

• Root-‐sapwood-‐LAI	  feedbacks	  
–  Produc5vity	  gradient	  

• Progressive	  nutrient	  limita5on	  
–  Accumula5on	  of	  dead	  biomass	  

• Varia5on	  in	  ecosystem	  respira5on	  
Gough et al. 2008 



Growth of Individuals 

•  Coupled	  biogeography	  and	  biogeochemistry	  models	  
•  Predict	  carbon,	  water,	  energy	  exchange	  at	  mul5ple	  scales	  

Modélisa5on	  dynamique	  de	  la	  végéta5on	  
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Estimation de la structure en en age des forêts 

Region/Country Data Source Managed/
Unmanaged 

Ancillary data 

United States US FIA None States 

Russia IIASA None 

Canada CanFI Yes Large fires database 

Europe EFISCEN None Provinces 
Pan-tropics Saatchi biomass None Marin-Spiotta 

biomass-age curves 
China 6th National Forest 

Inventory 
Yes Plantations 

Other countries New Zealand NFI 
Mongolia NFI 
Japan NFI 

None 
None 
Yes 

Provinces 

§  MODIS version 5.1 land cover converted to 0.5 degree plant functional types 
§  Spatial downscaling assumed homogeneous variance within each spatial domain 
§  For the tropics, climate-stratified biomass-age curves (Marin-Spiotta & Saatchi) 



Forest inventory downscaling 

Estimation de la structure en age des forêts 

Forest grid 
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Saatchi et al. 2011 

Biomass-age estimation 

Marin-Spiotta 2009 



Russie: coniféres sempervirents  



Russie: coniféres sempervirents  



834Mha 

Cartographie globale de la structure en age 
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Cartographie globale de la structure en age 



Global Forest 
Age 

50 Mkm2 forest area 
•  32 Mkm2 < 150 yr 
•  22 Mkm2 < 50 yr 
•  16 Mkm2 < 50 yr 

Cartographie globale de la structure en age 



Needleleaf 
evergreen 
forest age 

Cartographie globale de la structure en age 



Needleleaf 
deciduous 
forest age 

Cartographie globale de la structure en age 



Broadleaf 
evergreen 
forest age 

Cartographie globale de la structure en age 



Broadleaf 
deciduous 
forest age 

Cartographie globale de la structure en age 



Cartographie globale de la structure en age 



Consistency check: 
Tropical Secondary Forests 

Tree Height (Simard et al) 

Burned area (GFED v3.1) 

Cartographie globale de la structure en age 



Modeling stand level carbon cycle processes 
Modeling set-up 
DGVM Model LPJ 

ORCHIDEE-AR5 
ORCHIDEE-FM 

Climate CRU-NCEP 
Management No age initialization 

Stand initialized in correct year 

557 forest plots (Luyssaert 2007) 



Standard model run 

With age initialization 

LPJ 
(pipe model) 

ORCHIDEE 
(resource model) 

ORCHIDEE 
(FM model) 

Boreal PFT 

Modeling stand level carbon cycle processes 



Global biomass-age curve 

1850 1870 

Biomass benchmarking 

2000 1990 
…. 



448 PgC-age corrected 
752 PgC-potential 

Po
te

nt
ia

l b
io

m
as

s 
re

du
ct

io
n 

w
ith

 a
ge

 (K
gC

 m
-2

) 

Pan et al. 363±28 PgC 

Biomass benchmarking 



Standard ORCHIDEE biomass 
(tC ha-1) 

Age-corrected ORCHIDEE 
biomass 
(tC ha-1) 

Biomass benchmarking 



Overestimate 
(Vcmax, turnover) 

Agreement  
(±25 KgC m-2) 

Underestimate 
(land cover?) 

Biomass benchmarking 



Summary 
Imprint of human activities on forest structure has 
consequences for carbon cycle 

 
Global models trade efficiency for forest complexity 
 
Forest complexity, represented via age, has strong effects 
and improvements on carbon cycling at global scales 

 
Improvements in forest management datasets and 
measurements of forest dynamics have direct 
consequences for earth system models 


