
• How do different types of observations (near surface versus column measurements) 
improve model simulations of CO2?  This is important because:

o Satellite data are sensitive to the full column of CO2 concentrations so accurate forward model 
simulations throughout the troposphere are needed in order to be able to correctly attribute 
model-data mismatch to upstream surface fluxes.

o We need to simulate CO2 well even in the upper troposphere and lower stratosphere because 
model biases there can impact flux inversion results (Deng et al. 2015).
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4.  Impact on global budget

1. The question 3. Vertical propagation of the CO2 flux signal 

2. The experiments 
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• Two sets of flux inversions were done with the GEOS-Chem 4D-Var assimilation 
system for July 2009 - June 2010:

1) In situ obs: 72 NOAA sites and 6 ECCC sites as in Deng et al. (2014)
2) GOSAT obs: b3.4 ACOS GOSAT XCO2 as in Deng et al. (2016)

• A posteriori fluxes were integrated with a coupled weather and tracer transport 
model (Polavarapu et al. 2016)

Time sequence of pairs of differences in zonal mean CO2 fields.  Zonal mean fields are displayed as a 
function height and latitude in units of ppm.  The difference of the zonal mean CO2 from the insitu 
posterior flux integration minus the prior flux integration (leftmost of the pair) is shown versus that from 
the GOSAT posterior flux integration minus the prior flux integration (rightmost of the pair).  The earliest 
date is in the top left corner with subsequent dates following down the left side then continuing down 
the right side.  Dates are indicated above each pair of panels starting on 1 October 2009 and 
continuing in 3 month intervals to 1 July 2011. 

Time series of global mean CO2
flux signal for 1 July 2009 to 30 
June 2011 for 6 vertical layers.  
The pressure level range of 
each layer is indicated above 
each panel.  

The in situ observation network is sparse but consists 
of highly accurate, largely fixed locations.  Also shown 
are validating observations from HIPPO and TCCON.

GOSAT observations are less accurate but dense and have 
a seasonal variation of latitudinal extent.  The observations 
used in the GOSAT-based flux inversions are shown for 
four seasons for 2010.
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Comparison of CO2 simulations with GOSAT-derived 
(black) and in situ (red) derived posterior fluxes to 
TCCON measurements at 14 sites as a function of 
season from winter 2009 to spring 2011.

Comparison of CO2 simulations with GOSAT-derived 
(black) and in situ (red) derived posterior fluxes with 
HIPPO3 measurements (24 March to 16 April 2010) for 
the pressure layers given above each panel. 

• Compare vertical distributions to observations:
– 80% of the time, in situ-based CO2 matches TCCON 

better but GOSAT-based CO2 is better at NH 
midlatitudes in summer

– In situ compares better to HIPPO3 obs in NH while 
GOSAT does better in the SH.

• Compare the evolution of the difference in CO2 fields from the posterior 
and prior fluxes.  This difference is called the flux signal.

• In summer, GOSAT data have a bigger impact than in situ data when 
the satellite observes the NH midlatitudes.

• Outside of summer, the in situ flux signal is larger than the GOSAT flux 
signal.  In situ observations are constantly observing the NH 
midlatitudes.  This information continually propagates into the tropics.

• Even with imperfect model transport, in situ observations inform the 
middle and upper troposphere better than GOSAT observations do.

5. Spatial scales retrieved 

Global mean of the 
zonal standard 
deviation of the CO2
flux signal for 1 July 
2009 to 30 June 2011 
for 6 vertical layers.  
The pressure level 
range of each layer is 
indicated above each 
panel. 

• Despite the much larger numbers of observations, the adjustment of 
the CO2 field is much smaller with GOSAT-based posterior fluxes and 
the seasonal variation is larger.

• Uncertainty in CO2 is estimated by perturbing the meteorological 
analyses and computing the difference from the unperturbed 
integration. This uncertainty  is negligible on the global scale.

• Once the flux signal has diffused to large-scale structures (~3 
mo.), there will be no contribution to zonal std-dev.  So zonal std-
dev reflects shorter time scales than zonal mean.

• GOSAT produces more zonal structure than in situ data. We 
cannot trust GOSAT zonal structure in DJF. In situ zonal structure 
is trustable in JAS only and only in lower troposphere.

1. Despite the uniform vertical sensitivity of GOSAT data, in situ data informs the mid to upper troposphere better than 
GOSAT data does.  Combined with model transport, the accurate in situ data provides constant injection of information in 
the NH midlatitudes which is transported southward to the tropics.  

2. In situ data contributes to the global budget more consistently throughout the year. GOSAT data affects global budget 
mainly in boreal summer.

3. GOSAT data is potentially able to extract more information within a zonal band compared to in situ data in the lower 
troposphere, particularly in the NH summer and in the tropics throughout the year.

6. Conclusions
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