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Given the current fleet of XCO2 sensors in space, are

there questions about CO2 fluxes that we must have
GOSAT to answer?

TANSO-FTS on GOSAT

6/2009 — Present
XCO2 Precision ~ 1 ppm

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

0CO0-2
9/2014 — Present
XCO2 Precision ~ 0.5 ppm

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



Pros and Cons of GOSAT

Arguments Against Using GOSAT

 100x less data than OCQO-2

 2X higher random errors than
OCO-2

 Errors not well-characterized

Arqguments 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)



Examples of important science publications* using ACOS GOSAT XCO,
(combined with early OCO-2)
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Objective evaluation of surface- and satellite-driven carbon dioxide

Atmospheric
Chemistry
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“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. ”
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GOSAT vs TCCON (v7.3 vs v9)

ACOS GOSAT v7 XCO, [ppm]
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XCO2 RMS error vs model (ppm)
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Values along the 1:1 line indicate that * ACOS v9 performs well overall , and
the error vs model is consistent with has errors that agree reasonably well
the reported uncertainties. with theory over land.
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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.

e Each run must cover 2015-2018, so OCO-2 results can be compared
with ACOS/GOSAT v9 results.



Decade long inversion using CAMS system (F. Chevallier)

Three separate runs: Assimilate , 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/defauIt/fiIes/custom-uploads/CAM5255_20215C1_D1.3.1-2022-2_202206_v1.pdf)

—_ - 1

g : £l North American : South American

© 3.5 Globe E ® 05 - Torperate : /\/ - Temperate ,_

5 4+ . = . \/ .

0] ) 0t 0 MO ASRORRNUU SOSUROSROURUUORN SRR . 50 0B T V. Lt AL SRR S0 NSO 6 SO WO SO
45 | . ; AV

O (6] L : i \ ) ' N

& 5t \/\/\/ GOSAT 1 & 08 ; ; ‘ - = Ao

é 55 | ] é -1 FNorth-Amefican: /N Vo -South-Ameriean s N TN AT

™ 6 ! I I c 15 ﬁOI’eEﬂ I I I I I quplcal ] ] ] ] I

2011 2015 2020 2011 2015 2020 2011 2015 2020 2011 2015 2020 2011 2015 2020

g ? F  Alllands Northern R R N f N f ]

> 0 ) Extra-Tropical lands ~ o< 2 1 ~-Southern Africa “——EurasianBoreal ; -

I} —_— 5 05F : R : : S : -

o -1 \/_\/\\/ 1 Q AN\ : : ,\/\ ; : : ’

S 3t Tropical lands Southern . % -0.5 |- ‘ - ‘ e AONGINS ; .

5 4r Extra-Tropical lands 1 S -1 FNorthem Africa f = Eurasian Temperate ]

L 5 I L L L I I ! L ! L ! L w 15 L | I | | ] I | | | | |

2011 2015 2020 2011 2015 2020 2011 2015 2020 2011 2015 2020 2011 2015 2020 2011 2015 2020 2011 2015 2020 2011 2015 2020

/(%\ 1| ] - | o - 7 : i o . : |

2 All oceans Northern e Southern § 05 : f

E‘;’_ (1) o Extra-Tropical oceans Extra-Tropical oceans™| 5 o)) AN T N/ B e e U OP@ e et
-1+ g o : : ‘ : : ; : :

6] - . — (O . B i i o : GOSAT .

o 2 /\/R Tropical oceans . 5} 05 | | / | ; ; ;

= = Tropical Asia Australia ; ;

r 4 1 I I ] ] ] I ] I I I I w 15 L1 ] | | I ) ] I I ] I

2011 2015 2020 2011 2015 2020 2011 2015 2020 2011 2015 2020 2011 2015 2020 2011 2015 2020 2011 2015 2020 2011 2015 2020



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.



Additional Material
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Tracking the changes to the ACOS L2FP algorithm

Table 1. Updates to recent versions of the ACOS L2FP retrieval algorithm. N/C stands for No Change.

ACOS v7 ACOS v8/v9 ACOS v10 ACOS vl11
Spectroscopy ABSCO v4.2 ABSCO v5.0 ABSCO v5.1 ABSCO v5.2
Meteorology prior source ECMWF GEOSS FP-IT N/C N/C
Aerosol prior source MERRA monthly N/C GEOSS FP-IT with N/C
climatology tightened prior uncertainty
Retrieved aerosol types water + ice + stratospheric  N/C N/C
+ 2 MERRA types aerosol
AOD prior value (per type) 0.0375 0.0125 N/C N/C
CO; prior source TCCON ggg2014 N/C TCCON ggg2020 TCCON ggg2020
with updated
time-dependent scaling
Land surface model Lambertian BRDF N/C Removal of
incorrectly scaled
polarized component
Ocean surface model Cox&Munk + per-band N/C N/C Cox&Munk scaled
Lambertian component per-band
Digital elevation model JPL 2007 N/C N/C JPL 2020

and land water mask

7/13/2022
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OCO-2 cut over to v11 for
the forward processing
stream on 1-March-2022.
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Independent validation of ACOS XCO, against “truth”
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Retrieval of greenhouse gases from GOSAT and greenhouse gases
and carbon monoxide from GOSAT-2 using the FOCAL algorithm
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New approach to evaluate satellite-derived XCO, over oceans
by integrating ship and aircraft observations
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Figure 3. Temporal variation of the monthly average CO; mixing ratio obtained by ship (red) and aircraft (yellow) (a, b, c), and the column-
averaged mixing ratios (XCO;) from the NIES (blue), ACOS (red), and OCO-2 (olive) (d, e, f) in three representative latitude ranges for the
northern midlatitudes (a, d), the Equator region (b, e), and southern latitudes (c, f). Results of the ACTM are shown as dashed lines. Error
bars represent the standard deviation of the monthly averages.
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ACOS v9

NIES v2.9.7

FOCAL v3

Validating XCO2 error from 3 GOSAT retrievals

against a 4-Model Median Truth Proxy

3.5 ppm

L2FP RMS error vs model (ppm)
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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)

- ACOS v9 FOCAL v3.0 NIES v2.9.7
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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 Nifio?

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 Nifia) 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)
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dXCO2 statistics (vs models)

ACOSv9 FOCALv3.0 NIES2.9.7

Non hatched are single sounding statistics. Hatched indicates spatially binned statistics (2.5 lat by 5 lon)
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GOSAT water versus Multi-Model-Median
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