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Global observational synthesis 

to constrain recent changes in 
the ocean carbon uptake



Motivation – Models and Obs

Dorothee’s excellent SOCAT talk 



Motivation –Models  or Obs?

• However, the limited observations of the ocean carbon cycle 

necessitate some degree of interpolation and/or large-scale spatial 

and temporal averaging. 

• This has the potential either to bias or alias the results toward a 

dynamically inconsistent ocean state thereby making understanding 

the drivers of these changes challenging.

Baker et al, 2017



Motivation – Models or Obs?

Models have issues also - often large biases and unphysical 

states 

To answer this question we better global state estimates that allow 

us to really understanding the processes

This allows us to understand the processes and mechanisms

Can we the use the increasing observations?  



Physics drives changes?



Physics drives changes?

Is getting getting a better representation of 
the physics or ocean state the key to bringing 
models and observations together? 



Goal:

Simulate the response of the ocean carbon cycle in a framework dynamically 
consistent with the physical changes

Coupled Data Assimilation - > Forecasts 
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Simulations

Physical Coupled Model spun up for 1000+ years 
-> used to build covariance matrices

Physical assimilation to remove model biases 2002 -2016
-> why 2002 – data!!!

BGC initialized with GLODAP V2 in 
2002,  observed Chla

Driven with GCP atmospheric history 
between 2002 and 2016

Focus on 2006 onwards ->

Lauvset et al 2016, ESD



Physically Assessment- Total Ocean

Temperature Salinity

2002 2016 2002 2016



Physically Assessment – Major Climate Modes

Nino 3.4 Indian Ocean Dipole

Major Climate Modes Well Reproduced

Southern Annular Mode

Model 

Observations



Global Responses Anomalies 2006-2014

Models: Buitenhuis et al ,2010, Aumont and Bopp, 2006, Doney et al 2009, Assman et al; 2010, Oke et al 2014, Hauck, 2013, Séférian et al,  2013



Results: Southern Ocean

Southern Ocean 35S ->

Landschützer et al, 2016

Similar variability and phase 
over the period 2006-2013
-> argues for continuation

?



Results – Global Trends



Results – Global Trends Landschützer et al, 2016



Conclusions

Early Stages……

Improving the state estimation improves the carbon response and closes 
the gap between models and observations 

Hopefully this will a product for the Global Carbon Budget Update

More work to do : SOCAT, SOCCOM, atmospheric observations and others 

Allows to probe mechanisms and improve our representation of processes 
e.g. biological pump

Can’t go back much more than a decade and requires computer resources

RECCAP -2 ? Exciting – seasonality improved 



More information/future

GOAL -> Forecasts, in the land and ocean 

https://research.csiro.au/dfp/



Methodology


