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Carbon sinks offer to humanity a 
50% discount on climate change

• The increase of CO2 is caused by fossil fuel use and land use change
• Fossil fuel emissions soared from 2 GtC yr-1 in the 1960’s to 10 GtC yr-1 today
• But the ocean and land carbon sinks absorbed on average ≈50% of emissions

Source – IPCC AR5



The global carbon budget

• Emissions of fossil fuels are estimated from energy use statistics

• The global ocean sink is constrained by ocean interior measurements
• But the global land sink cannot be quantified by land observations
• A bottom-up estimate of global NEE is still missing

After Lequéré et al., 2014

NEE



Reccap regions

tan color = no data available
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NEE

∆C
∑ (lateral fluxes)

Carbon stocks in one region

NEE = ∆C + ∑(lateral fluxes)
By convention negative if NEE removes C from the atmosphere and
∆C is negative if C is stored on land 

atmosphere
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Data sources
∆C : RECCAP publications ( Biogeosciences )
•N America : King et al. BG 2015
•S America : Gloor et al. BG, 2012
•Africa : Valentini et al. BG 2012
•Europe : Luyssaert et al. BG 2013
•Russia : Dolman et al. BG 2012
•Australia : Haverd et al. BG 2012
•East Asia : Piao et al. BG 2013
•Sout Asia : Patra et al. BG 2012 + Liu et al. 2015
•Southeast Asia Asia : new data from this study

Lateral fluxes
•DOC, POC, DIC river transport to ocean :

Mayorga et al. 2010
Hartmann et al. 2009 Separate lithospheric component of DIC transport

•Crop and wood products harvest and trade
Peters et al. BG 2012
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Data sources - Component of NEE
• Fire emissions

– GFEDv4 excluding deforestation fires
– Agricultural residues burning;  PKU emission inventory Wang et al. 2013

• LUC net emissions
– RECCAP regional estimates, independent from Houghton et al.

• River outgassing
– Raymond et al. 2014 Nature; rivers + lakes 2.1 PgC yr-1

– Lauerwald et al. 2015 GBC ; only rivers 0.65 PgC yr-1

• Estuaries outgassing
• Grassland biomass intake and oxidation
• Crop and wood products decay
• CH4, CO and BVOC emissions

– Bousquet et al. atmospheric inversion
– Guenther et al. BVOC emission model

• NPP
– MODIS v5 MOD17A3.005-NPP 
– Excluding land use change grid cells with more than 5% LUC
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River CO2 outgassing fluxes

Raymond et al.

Glorich pCO2 
database

Lauerwald et al. et al.

River flux

Lake flux

River area

River flux

1.8 PgC y-1 0.65 PgC y-1



1. Collect ∆C independent estimates from inventory approaches from RECCAP 
publications.

Note that ∆C includes LUC

2. Calculate net export fluxes of each region from harmonized global datasets :
Peters et al. 2012 for crop and wood products trade
Mayorga et al. 2010 and Hartmann et all. 2009 for river export to the ocean
Separated DIC from carbonate rocks (Lauerwald et al. pers. com.)

Calculate NEE :

Calculate soil hetetrotrophic respiration (SHR) as a residual :

Data synthesis strategy – two sequential steps

SHR = NPP - NEE – wood, crop, grass products consumption – fire – LUC - outgassing

NEE = ∆C + ∑ exports
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Global bottom-up NEE 2000-2009

NEEbottom up = 1.8 ± 0.6 
NEEtop down = 1.4 ± 0.9

LUCbottom up = 0.9 ± 0.2
LUCHoughton = 1.0 ± 0.6

PgC yr-1
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B = background land CO2 uptake during pre-industrial; this C is 
transported by rivers and outgassed in the ocean

B
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B = background land CO2 uptake
B = 0.45

NEEbottom up - B = 1.3 ± 0.6
NEEtop down = 1.4 ± 0.9

LUCbottom up = 0.9 ± 0.2
LUCHoughton = 1.0 ± 0.6 PgC yr-1

Global bottom-up NEE 2000-2009



Carbon storage efficiency of NPP
Excluding land use change



Measured by eddy covariance :
NEE = NPP + soil heterotrophic respiration

CO2

Fire
emissions

CO2

Oxidation of 
harvested biomass

CH4
VOCs CO2

Oxidation and outgassing of C 
leached to freshwaters
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Soil heterotrophic respiration-to-NPP ratios

Global mean value ranges from 77 to 80%
Asian Regions tend to have a lower ratio than other regions 
because of intensively ecosystem management ?
IPCC TAR => 90%
Trendy models ≈ 80% in all regions



A larger fraction of NPP not returned to the soil imply :
-Smaller change of soil C per ppm atmospheric CO2 ( βsoil )
-Smaller change of soil C per °C warming (γsoil)
Compared to ESMs with only NPP, some fire, LUC, HR

Which effect is the strongest ?

A compact Earth System Model (OSCAR) with all biogeochemical 
feedbacks was emulated to reproduce six CMIP5 ESMs

Two runs – “all NPP to the soil” & “ RECCAP NPP to SHR ratio” were 
performed
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Lateral fluxes and future scenarios
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Lateral fluxes and future scenarios



With minus without NEE components not 
related to soil respiration changes of CO2 and 
T between 2100 and 2010

∆CO2 = 19 – 77 ppm
∆T = 0.1 – 0.4 °C
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Lateral fluxes and future scenarios
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