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Outline 
 
-What we (should) know about anthropogenic carbon uptake by the ocean. 
-Why should we care about anthropogenic CO2 uptake by the ocean. 
-The goals of RECCAP.   
-The  magnitude and trends carbon uptake by the ocean for the last 20 years based on 
observations and models. 

  



What is known about Anthropogenic Carbon Uptake by the Ocean 

1. “Current estimates of ocean 
uptake are sufficiently firm to 
exclude the possibility that 
appreciably more excess CO2 is 
dissolved in the sea then has 
been estimated through the 
use of existing models”  

2. The static capacity of CO2 
uptake by the ocean is huge 

 (≈ 90 % of excess CO2) 
3.    The uptake rate is controlled 

by ocean ventilation and to 
lesser extent air-sea gas 
exchange limiting the current 
uptake to ≈ 25 % (2 Pg C) of 
fossil fuel release. 

*1979: Atm CO2 = 337 ppm 

While on 1st order ocean uptake is 
well-established, absolute magnitude 
and (changing) trends must be 
quantified. 



Why we care about Anthropogenic CO2 Uptake by the Ocean? 
 

 
1. What is in the ocean is not in the atmosphere 
 25-30 % sequestered by the ocean 
     (This ecosystem service has already  
      “bought us” 10-15 years) 

 
 

 
 
 
2. Ocean Acidification (the global ocean titration) 
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 A. Detrimental to (calcifying) organisms 
 B. Decreases ocean CO2 uptake capacity  
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Three key objectives justify the need for a new assessment 
of regional carbon fluxes and their drivers:  
(1)  to provide higher spatial resolution for the global carbon 

balance with the aim of improving the quantification and 
understanding of drivers, processes, and hot spot 
regions essential for predicting the future evolution of 
any carbon-climate feed- back;  

(2) to address the growing demand for the capacity to 
measure, report on, and verify the evolution of regional 
fluxes and the outcomes of climate mitigation  policies;  

(3) to respond to the Group on Earth Observations (GEO), a 
partnership of governments and international 
organizations, in establishing a global carbon observation 
strategy 

 
 
A. Provide syntheses  that can be cited in 

international assessments 
 
B. Place close attention to observational 

(global) constraints and methodologies 

Regional Carbon Cycle Assessment and Processes (RECCAP)  
(http:// www.globalcarbonproject.org/reccap) 



Global Ocean Carbon Uptake: Tools 
            F= k s ∆pCO2, F =  a <u2> ∆pCO2 
1. pCO2 climatology  
“If this cross check  is ever to be effectively carried out,  
a decade of preparation and measurement will be required. 
 It is a complex task “ Broecker et al. Science 1979 
   
 
2. Ocean biogeochemistry ocean general circulation models (OBGCMs) 
 
 
 
 
 
 
 
 (9 model runs, 4 lineages) 
3.  ∆pCO2 empirical   (interannual variability directly or indirectly controlled by  
     temperature, Park, Lee, Wanninkhof et al. ) 
4. Ocean inverse models 
5. Atmospheric inverse models 
6. Atm constraints O2/N2 
8.  Interior transient tracer based  



Global Ocean Carbon Uptake: Magnitude, Variability and Trends 

A. Look at time period 1990-2009 (consistent global forcing) 
B. With consistent approaches the global flux for 2000 is: 
 
  

Best estimate 2000 = 2.0  ± 0.4 Pg C yr-1 
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Appreciable differences within approaches, in part, due to differing inputs as  
mundane as surface area of the ocean    



Global Ocean Carbon Uptake: Magnitude, Variability and Trends 

50-year model runs using  
different types of models show 
increases in uptake.  Models 
based on ocean interior 
measurements show 
appreciably greater trends in 
uptake 
 
“Is the ocean sink saturating?” 
Fraction of FF CO2 taken up by 
ocean differs dramatically 
between methods with interior 
approaches showing less 
change (ie. The fraction of FF 
taken up by the ocean is nearly 
unchanged) 
 
50-year records of 
environmental forcing used for 
OBGCM are not reliable  



Global Ocean Carbon Uptake: Magnitude, Variability and Trends 
20-year RECCAP interval 

Methods relying on surface 
flux information show: 
A. Smaller trend in absolute uptake 
B. Significant variability that will affect 

trends over short time periods   
C. Differences between approaches is 

the  same as for 50-year record 
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Concluding remarks: 
 
Global ocean uptake (2000) :  2.0  ±    0.4 Pg C yr-1      “best estimate” 
Global subannual variability :  0.5  ±    0.2 Pg C yr-1     “Av. OBGCM, Emp., Atm Inverse” 
Global interannual variability:  0.2    Pg C yr-1  “best estimate” 
Global trends:     0.15   Pg C yr-  “best estimate” 
 
 
Uptake decreasing (as % of total ff release) but magnitude uncertain: 
-The ocean cannot keep up with rate of fossil fuel  release 
-The buffer capacity of the ocean is decreasing 
 
 
Rate of uptake decreasing much faster in OBGCMs and empirical approaches compared to 
inventory based estimates: 
- In last two decades ocean circulation, biogeochemistry  and wind  patterns have changed 
decreasing rate of uptake  
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Interannual variability  
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Sub-annual (seasonal) variability  
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Seasonal        Interannual  

Interannual variability controlled by large scale 
climate reoganizations  (ENSO, NAI, SAM 





Part of the SOCAT effort  
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