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1.  Introduction 
The precise contribution of CO2 uptake by vegetation and the ocean to 
the global carbon budget and their location and year-to-year variability 
are not well understood.   
 
We conduct a batch Bayesian inversion at relatively high resolution to 
estimate the global distributions of natural surface CO2 fluxes during a 
recent period.  A focus of this work is the use of data from satellites 
dedicated to making atmospheric CO2 observations, such as the 
Greenhouse gases Observing SATellite (GOSAT) launched in 2009 [Yokota 
et al., 2009].  An advantage of satellites over current ground-based 
networks is their greater spatial coverage.  A disadvantage of remote 
sensing is that the CO2 retrievals cannot be directly calibrated for the 
gas of interest, unlike in situ measurements, and currently available 
passive satellite observations are especially susceptible to biases. 
 
In addition to assessing the value added by the satellite data, this study 
evaluates bottom-up prior flux estimates, and examines the impacts of 
inversion technique on posterior fluxes and uncertainties. 
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3.  Annual Budget 

2.  Methods 

4.  Interannual Variability 

•GOSAT posterior fluxes have smaller or comparable uncertainties relative to in 
situ inversion (figure below)  Greater spatial coverage, except over N. 
America and high-latitude oceans. 
•GOSAT inversion suggests overall shift in global CO2 sink from tropics to the 
north and south relative to the prior, and increased source in the tropics 
relative to in situ inversion. 

•Similar to inversions using other approaches (e.g. Chevallier et al., 2014; 
Houweling et al., 2015). 
•Results may be driven by GOSAT sampling and uncorrected retrieval 
biases, as suggested by significant discrepancies between posterior CO2 
distributions and surface in situ observations (figure to the right) and lower-
tropospheric HIPPO aircraft data (far right). 

•Land-ocean flux partitioning is sensitive to prior uncertainties in all inversions 
because of correlations between the errors. 

• The GOSAT inversion 
tends to exhibit low bias 
relative to in situ 
observations at high 
latitudes, and high bias 
in the tropics 
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5.  Conclusions and Further Work 

•GOSAT inversion (and in situ + GOSAT 
inversion) indicates significantly less 
summer uptake in 2010 than in 2009 in 
many northern regions, consistent with 
observed heat and drought and similar to 
Guerlet et al. [2013]. 

•CASA-GFED prior exhibits much less 
interannual difference. 

•However, observations from JR-STATION 
in situ network in Siberia imply that 
GOSAT inversion exaggerates 2010-2009 
difference in uptake in that region (the in 
situ + GOSAT inversion also, to a lesser 
extent), while CASA-GFED model 
reasonably estimates that quantity. 

•Assimilated observations 
•In situ:  Individual flask and afternoon-averaged continuous measurements from NOAA 
ESRL and JMA 
•GOSAT:  ACOS B3.4 retrieval of weighted column-average CO2, filtered and bias-
corrected (figure on the right) 

•Prior constraints  
•Net ecosystem production (NEP) and fire fluxes from CASA-GFED v.3 model   
•Ocean fluxes from Takahashi et al. [2009]  
•Fossil CO2 emissions from CDIAC 

•Transport model 
•PCTM, with MERRA reanalyzed meteorology, 2° latitude x 2.5° longitude x 56 levels 

•Inversion technique 
•“TransCom”-style batch Bayesian synthesis inversion 
•Optimize natural fluxes in 108 regions (map on the right) over 8-day intervals, and 
initial concentrations; high resolution minimizes aggregation error. 
•This technique gives exact solution for fluxes and errors, but is computationally 
expensive and time-consuming. 
•We are beginning to use a second technique, a variational data assimilation system also 
based on PCTM transport, for comparison (to be presented later). 

Flux regions and in situ observation sites 

GOSAT retrievals in model grid, June 2009-May 2010 

Evaluation against JR-STATION tower data (smoothed) 

HIPPO aircraft measurements Latitudinal profiles at surface sites 
(seasonally averaged) 

• The GOSAT inversion appears to exaggerate the 2010-2009 difference in summertime CO2 
drawdown at some of the sites 

Mean 2010-2009 difference over June-July-August at JR-STATION sites (in ppm) 

• Over the Pacific, GOSAT inversion is biased low relative to HIPPO in 
southern extratropics at lower altitudes, biased high in parts of tropics  

• Both the in situ and the GOSAT inversion exhibit discrepancies with 
HIPPO in northern extratropics 

•GOSAT inversion is generally better constrained than the in situ inversion. 
•GOSAT inversion suggests a shift in the global CO2 sink away from the tropics relative to the prior and the in situ inversion, 
similar to other studies. 

•May be driven by sampling and residual retrieval biases in the GOSAT data. 
•GOSAT inversions indicate less summer CO2 uptake in 2010 than in 2009 in the north, consistent with heat waves and 
drought 

•GOSAT inversions appear to exaggerate the 2010-2009 difference, while CASA-GFED model gives a reasonable estimate, 
at least over Siberia. 

•We will replicate this Bayesian inversion with a variational technique to assess the effects of inversion technique.  
•The recent NASA OCO-2 satellite observations, which we plan to assimilate, could also under-constrain land-ocean split 
because of the passive instrument’s lack of coverage over high latitudes in winter. 


