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Why are you/we interested in the 

Terrestrial Biosphere, and more 

specifically in its interactions with the 

atmosphere (and thereby with climate)? 



Some Numbers 

è  Energy Budget 

è  Water Cycle 

è  Carbon Cycle 

è  Expansion of Human Influence 

è  Human Appropriation of Net Primary Productivity 





CERES period March 2000 to May 2004 

Global 
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The Global Water Cycle 
Oki and Kanae, 2006 



Terrestrial  
Precipitation 

 (100%) 

(Flux estimates: Oki and Kanae, Science 2006) 

Terrestrial  
Evapotranspiration 

 (60%) 

Oceanic  
Precipitation 

 (350%) 

Oceanic  
Evaporation 

 (390%) 
Streamflow 

 (40%) 

Atmospheric 
transport 
 (40%) 

Land-Surfaces significantly contribute to the Global Water Cycle 

Courtesy of Sonia Seneviratne 



Amazon Basin 

Mississipi Basin 

Bonan, Book - 2004 



Bonan, Book - 2004 
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CO2 «natural» budget expressed in GtC year-1 (1 GtC = 1015gC)  

Annual Pre-Industrial Fluxes 
Mean Stocks per reservoir 
Source : IPCC-TAR 

590 GtC 

40000 GtC 2300 GtC 

Respiration 
120 ± 30 

Photosynthesis 
120 ± 30 

Degassing 
70 ± 20 

Absorption 
70 ± 20 

Erosion 
0.6 
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Annual Fluxes for the ~1990s 
Mean Stocks per reservoir 
Source : IPCC-TAR 

590 +160 GtC 

40000 GtC 2300 + 200 GtC 

Le bilan global actuel du CO2 en GtC an-1 (1 GtC = 1015gC)  

Fossil  Source Respiration 
120 

Photosynthesis 
120+1.4 

Degassing 
70+20 

Absorption 
70+20+1.7 

Erosion 
0.6 
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40000 GtC 

Le bilan global actuel du CO2 en GtC an-1 (1 GtC = 1015gC)  

Fossil  Source 

+ 

590 +160 GtC 

2300 + 200 GtC 

Respiration 
120  

Photosynthesis 
120+1.4  

Degassing 
70+20 

Absorption 
70+20+1.7 

Erosion 
0.6 

Land-Use Changes   

Annual Fluxes for the ~1990s 
Mean Stocks per reservoir 
Source : IPCC-TAR 



Global Carbon Cycle 
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Potential Vegetation Distribution 

Ramankutty et al. 



BUT, nowadays, 
~47 millions of km2 are occupied by Man 

~40% of land surfaces 

Potential Vegetation Distribution 



19 Ramankutty et al. 

Expansion of Crop Areas 
(percent of a grid-cell)  

~15 millions of km2 



20 
Ramankutty et al. 

Pasture Expansion 
(percent of a grid-cell)  

~32 millions of km2 
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Döll & Siebert (1999) 

Expansion of Areas equiped for irrigation 
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Lumière urbaines 
détectées par satellite la nuit 
Night-Time Urban Lights 
Detected by satellite 



Heat Source to be 
added to the 
atmosphere 

Zhang et al. (2013)  
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Today Men harvest ~40% 
of the total Net Primary Productivity Produced on land 

HANPP = Human Appropriation of Net Primary Production 

HANPP 

Potential 
NPP 

Actual NPP 

Difference from potential 
Resulting from soil degradation, 

rotations, ... 
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Remaining NPP 

Harvested NPP 
(or lost) 

Erb et al. 2009 



HANPP 
(in % of Potential NPP) 

Haberl et al. 2007 



Terrestrial Biosphere & Climate 
 

Brief summary of various interactions 



Reichstein et al., ileaps 2011 



Guenther et al., ileaps 2011 



Some Processes that are being implemented now 

Arneth et al. 2010 



Some	  Processes	  that	  may	  be	  needed	  in	  our	  models	  	  
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What is important 
 

for decision making? 
 

At what spatial scale? 



34 



Strategies for land uses 
 
 
 
 
 
 
 

Effects on climate 

Do	  we	  need	  to	  account	  for	  impacts	  of	  land-‐uses	  on	  
climate	  before	  taking	  a	  decision	  on	  land-‐planning?	  



An	  example	  of	  in>mate	  links:	  the	  water	  cycle	  



Some of our Main Tools: Models 



€ 

∂U
∂t

+2Ω×U=.

How do we construct a model? 
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Inital Conditions 
Temperature 

Water vapor(or salinity)   
at all points on the globe 

 

Boundary Conditions 
(e.g. forcings) 

Ex : insolation 
Greenhouse gases 

… 

Model 

Results 
Temperature 

Water vapor (or salinity)  
winds  

at all points 
and through time 

 
 

Reference (Control) Simulation 
Perturbed Simulation 

 è Boundary Conditions are changed for example 

How do we run a climate simulation? 



Forcings  Forcings or Feedbacks Calculated 

Climate processes we account for 











Terrestrial Processes we account for 



DGVMs = Dynamic Global Vegetation Models 

FAST 
SLOW 

INTERMEDIATE 

Ecosystem 
state 



CO2 

N 

growth and maintenance 
respirations 

allocation processes 

nitrogen cycle, 
nutriment availability 

vulnerability, 
competition 

between species 

photosynthesis, 
leaf respiration 

    example of processes, through time-scales 



    example of processes, through spatial-scales 

leaf transpiration 

Watershed outflow 

Soil-plant 
water budget 

runoff 

interception loss 

infiltration 

transpiration 



What are Biosphere Models used for ? 

PREDICT 

for example: 

the impacts of climate change on: 

-  water resources,  

-  the biospheric sink of CO2,  

-  productivity,  

-  regional and global changes in vegetation distribution,  

-  … 



Changes in the areas suitable 
for Spruce bud burst 

Débourrement 
Non débourrement

1960-1990 2070-2100

Débourrement 
Non débourrement

1960-1990 2070-2100

Climate Impact on the distribution of Spruce 



Climate 1980 

Climate 2100 

g r o u p e 	   1

g r o u p e 	   2

g r o u p e 	   3

g r o u p e 	   4

g r o u p e 	   6

g r o u p e 	   7 a

g r o u p e 	   8Chêne vert 

Alpin 

Sub alpin 

Sapin 

Chênes 

Chataîgnier 

Pin maritime 

In 2100 
•  Strong Limitation of Oak expansion, and all alpine plants 
•  eastward and northward expansion of Atlantic vegetation types 
•  expansion of the mediterranean vegetation types 



Coupled Climate-Carbon Models tend to predict an increase in 
carbon storage in Temperate Forests 



 

ATTRIBUTE 

 the historical changes in e.g. global runoff or crop 

productivity to climate changes or increased atmospheric CO2 or 

land-use changes. 

What are Biosphere Models used for ? 



Trends in the growing season length (1980-2000)  

Piao et al., GRL 2006 



   attribution of trend in growing season length 

Piao et al., GRL 2006 







IMPROVE (?) 

 the global or regional climate simulations including more 

realistic feedbacks in the system 

 

ACCOUNT for more FEEDBACKS 

 in climate scenarios of past and future climate changes 

 ==> more realistic representation of climate changes  

What are the Biosphere Models used for ? 
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Future Climate Change: the role of the 
carbon cycle 

 
Friedlingstein et al. (2006) 
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Brussels, May. 27th 2009 

"   Uncertainty 
due to the 
carbon cycle 
uncertainty 

2.6 – 4.1 °C 2.4 – 5.6 °C 

830 ppm 

730 – 1000 ppm 

"   Higher [CO2], 
larger climate 
change 

 

IPCC, 2007 


