
Is GOSAT XCO2 still useful in 
the OCO-2 era?

C. W. O’Dell1, T.E. Taylor1, Frederic Chevallier2, Sean Crowell3
1 CIRA, Colorado State University, Fort Collins, CO, USA

2 LSCE, Paris, France
3University of Oklahoma, Norman, OK, USA

IWGGMS-18, 13 July 2022



Given the current fleet of XCO2 sensors in space, are 
there questions about CO2 fluxes that we must have 
GOSAT to answer? 
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TANSO-FTS on GOSAT
• 6/2009 – Present

• XCO2 Precision ~ 1 ppm

• Averages 5k land, 10k ocean 
observations / month (ACOS).

OCO-2
• 9/2014 – Present

• XCO2 Precision ~ 0.5 ppm

• Averages 500k land, 1M 
ocean observations / month.



Pros and Cons of GOSAT
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Arguments For Using GOSAT

• Extends record by 5 additional 
years!  Helps place OCO-2 
results in context.

• May fill in spatiotemporal holes in 
OCO-2 record.

• ACOS B9 has well-characterized 
errors (over land)

Arguments Against Using GOSAT

• 100x less data than OCO-2
• 2x higher random errors than 

OCO-2
• Errors not well-characterized



Examples of important science publications* using ACOS GOSAT XCO2 
(combined with early OCO-2)

7/13/2022 IWGGMS-18, Tsukuba, Japan 3



7/13/2022 IWGGMS-18, Tsukuba, Japan 4

• “Large-scale annual fluxes estimated from the bias-corrected land retrievals of the 
second Orbiting Carbon Observatory (OCO-2) differ greatly from the prior fluxes, but are 
similar to the fluxes estimated from the surface network within the uncertainty of these 
surface-based estimates.”

• “The OCO-2-based and surface-based inversions have similar performance when 
projected in the space of the aircraft data, but the relative strengths and weaknesses of 
the two flux estimates vary…”

• ” In contrast, the inversion using bias-corrected retrievals from the Greenhouse Gases 
Observing Satellite (GOSAT) … estimates much different fluxes and fits the aircraft data 
less. ”



Summary of GOSAT retrievals versus truth (land)
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OCO-2 v10

GOSAT vs TCCON (v7.3 vs v9)

B7.3: σ = 1.20 ppm

B9: σ = 1.14 ppm

Single-sounding RMS XCO2 Error [ppm]

7/13/2022



Validating XCO2 error from ACOS/GOSAT v9 
retrievals against a 4-Model Median Truth Proxy
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• Values along the 1:1 line indicate that 
the error vs model is consistent with 
the reported uncertainties.

3.5 ppm

0.5 ppm

Land Gain M Ocean Glint

• ACOS v9 performs well overall , and 
has errors that agree reasonably well 
with theory over land.



Testing the ACOS/GOSAT v9 XCO2 with these 
error characterizations.

• CAMS 4DVar inversion system (F. Chevallier), which operationally 
assimilates both in-situ and OCO-2 data.

• Univ. of Oklahoma TM5 4DVar inversion system (S. Crowell), a 
participant in the OCO-2 MIP.

• Each run must cover 2015-2018, so OCO-2 results can be compared 
with ACOS/GOSAT v9 results.
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Decade long inversion using CAMS system (F. Chevallier)
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• Three separate runs:  Assimilate only surface data, only OCO-2 data, or only GOSAT data.
• GOSAT run shows remarkable fit to independent data like NOAA’s annual mean growth rate, surface baseline measurements and aircraft

measurements
• GOSAT-inferred carbon budget broadly consistent with those obtained with OCO-2 v10

• Main difference is a large shift of a sink from Temperate Eurasia to Tropical Asia
• GOSAT ACOS v9 is the first GOSAT dataset that provides reasonable inversion results with the CAMS system

• Complements OCO-2, and a continuous processing of the GOSAT data with low latency would help operational applications like CAMS.
• CAMS operational satellite based inversion now uses GOSAT for 2009-2014, and OCO-2 for 2015-present (run FT21r2, 

https://atmosphere.copernicus.eu/sites/default/files/custom-uploads/CAMS255_2021SC1_D1.3.1-2022-2_202206_v1.pdf)



OU inversions on GOSAT v9 compared to OCO-2 v10 MIP (S. Crowell)
• On broad scales, the GOSAT v9 results seem to fall within the spread of the OCO-2 v10 MIP fluxes. 
• However, the agreement breaks down at regional scales.
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Summary
• The 2009-Present GOSAT XCO2 record still appears useful, 

primarily for its additional 5.5 years of data.

• The ACOS GOSAT v9 XCO2, while having somewhat higher 
errors than OCO-2 v10, still yield inversions that are broadly 
consistent with OCO-2.  This contrasts some earlier findings.

• The other GOSAT retrievals we examined seem to suffer from 
somewhat higher errors than that of ACOS.

• The OCO-2 team hopes to reprocess GOSAT with ACOS v11 
near the end of 2022.  Stay tuned.
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Additional Material
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Tracking the changes to the ACOS L2FP algorithm
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OCO-2 cut over to v11 for 
the forward processing 
stream on 1-March-2022.



Independent validation of ACOS XCO2 against “truth”
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ACOS performs well relative 
to other retrieval 
algorithms.



Validating XCO2 error from 3 GOSAT retrievals 
against a 4-Model Median Truth Proxy
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• Values along the 1:1 line indicate that 
the error vs model is consistent with 
the reported uncertainties.

• ACOS v9 performs well overall , and 
has errors that agree reasonably well 
with theory over land.

• NIES has somewhat higher actual 
errors, especially for land gain H.

• FOCAL has 2x higher theoretical 
errors, with actual errors that 
roughly match that.



dXCO2 statistics (vs models)
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ACOS v9 FOCAL v3.0 NIES v2.9.7

DJF MAM JJA SON DJF MAM JJA SON DJF MAM JJA SON

N (SS) 428k 428k 445k 557k 474k 556k 551k 640k 142k 156k 164k 215k

μ (SS) -0.11 -0.38 -0.22 0.03 -0.31 -0.11 0.05 -0.08 -0.18 -0.03 0.10 -0.11

σ (SS) 1.08 1.12 1.19 1.13 1.86 1.80 1.77 1.75 1.67 1.76 1.85 1.78

N (bin) 2060 2407 2218 2576 2135 2498 2378 2583 1689 2051 1849 2239

μ (bin) -0.17 -0.26 -0.26 0.05 -0.33 -0.03 0.05 -0.09 -0.19 0.09 0.22 0.09

σ (bin) 0.50 0.54 0.58 0.56 1.10 0.99 0.91 0.81 0.78 0.85 1.10 0.85



It will still be quite a while before the early GOSAT record 
becomes “insignificant”…
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• The extra five years (2009-2014) provided by the 
GOSAT satellite before the start of the OCO-2 
record provide the context necessary for 
interpreting the interannual variability in the 
global carbon cycle seen by the OCO-2 satellite. 

• How anomalous was the CO2 outgassing seen 
globally during the 2015/16 El Niño? 

• Was the release of CO2 seen during 2015-2016 
as compared after 2016 so large because of 
greater outgassing during the 2015-16 ENSO 
warm phase, or because of greater uptake during 
the ENSO cold phase (La Niña) after that?

• The GOSAT data also support one of the key 
findings from OCO-2: the shift towards 
greater outgassing in North Africa (D. Baker 
Inversion)

20222009 2015



dXCO2 statistics (vs models)
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ACOS v9 FOCAL v3.0 NIES 2.9.7  
Non hatched are single sounding statistics. Hatched indicates spatially binned statistics (2.5 lat by 5 lon)

• ACOS and FOCAL have comparable N soundings (land + water). NIES has much less.
• The retrievals are, for the most part, biased low relative to the models. ACOS has, in general, the largest 

mean seasonal bias, but as was shown on the maps, the lowest range of bias. 
• ACOS has the smallest standard deviation of the dXCO2 (roughly half of FOCAL and NIES).
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GOSAT water versus Multi-Model-Median
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GOSAT water versus OCO-2 v10
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