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Fate of Anthropogenic CO2 Emissions (2000-2009) 

1.1±0.7 PgC y-1 

+ 7.7±0.5 PgC y-1 

2.4 PgC y-1 

27% 
Calculated as the residual of  

all other flux components 

4.1±0.1 PgC y-1 

47% 

26% 

2.3±0.4 PgC y-1 

Average of 5 models 

Global Carbon Project 2010; Updated from Le Quéré et al. 2009, Nature Geoscience; Canadell et al. 2007, PNAS 



Modelled Natural CO2 Sinks 

Updated from Le Quéré et al. 2009, Nature Geoscience 
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Potential climate limits to plant growth derived from long-term 

monthly statistics of minimum temperature, cloud cover and rainfall. 

Nemani et al. 2003 

Running et al 2004 

  Water = 40%, Temperature = 33%, Radiation = 27% 



Seasonal Growing Season Constraints 

Jolly, Nemani, Running. Global Change Biology 2005 

Russia, Boreal 

Africa, Savannah 
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Temperature 

fPAR, PAR 

GPP 

Biome 

Properties 

Look-Up 

Table (!max ) 



Net Primary Production trend (2000-2010) 

Zhao & Running 2010, Science 



Global NPP Trend 

From + in the 1980s-90s to a – in the 2000s 
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MODIS Annual Disturbance Index 

Mildrexler et al 2007, 2009 
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Monitoring Vegetation Phenology using AMSR-E Optical Depths: 

Comparison with MODIS LAI & Tower CO2 fluxes 
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Highest QC Data Availability 
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Global Phenology Monitoring using Vegetation Optical Depth (VOD) from AMSR-E 
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MODIS LAI & 

AMSR-E VOD 
Correlation 

8-Day Data 
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ARE WE REACHING A LIMIT IN 

 BIOSPHERIC PRODUCTIVITY? 

OR 

HAVE WE HIT PEAK NPP? 



R"/*/%>>*S%"$=+'H%(*4H"2N(1"#*G''&**,*="=N>,1"#*

%#(H',$'*"K*PAW*.&/*GN>1=>'*#'/*2'G,#2$*KH"G*

*@AXX*C*@A[Ac**

0,+#.,1$23"4"5.6-&7$0,-/896-&$+'$

&-,#.::1$+&9,".'"/$;1<$

=$)&4.4+&4$#-,"$:.&/$

=$>,,+4.6-&?@",6:+A.6-&$

=$B"&"69$+#C,-*"#"&5'$



F,#2*,H',*%$*3<J*%#(H',$%#-)



Lester Brown Plan 3.0, 2008 
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ET 

P-ET 

!! ~73% of the 

global domain 

shows a positive 

ET trend; 

BUT 

!! ~51% of the 

domain shows a 

negative water 

balance (P-ET) 

trend.  
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IS OUR CURRENT 

BIOSPHERIC 

CONSUMPTION OF NPP 

Sustainable*? 

*Meeting needs and values of today’s generation, 

while preserving the planet’s life-support systems 

for the needs and values of future generations. 



Adapted from Dornburg et al. 2010 
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GROUND DATA 

SATELLITE DATA 

LANDCOVER 

GROWING SEASON 

PRIMARY PRODUCTION 

Change State 


