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GEOS Constituent Reanalysis (CR)
• NASA’s first “all-atmosphere” chemical reanalysis


• Roughly: Retrospective GEOS CF w/ constituent assimilation (CoDAS)


• Meteorology: GEOS GCM replayed to reanalysis (GEOS IT)


• Resolution: 25km horiz., 72 eta levels to 0.01 hPa


• Chemistry: GEOS-Chem
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CoDAS (Constituent Data Assimilation System)
• Generalization of legacy O3 state 

estimation from NWP systems


• Tracer agnostic: Assimilates any point 
sample (MLS) or averaging kernel obs 
(TROPOMI/OCO) of any trace gas


• Available to the public as part of GEOS 
ADAS: 
https://github.com/GEOS-ESM/GEOSadas


• Whatever Ens/Var/Hybrid combo you like


• Backbone of several existing and 
upcoming products
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https://github.com/GEOS-ESM/GEOSadas


GEOS CR: Heritage
• Previously


• MERRA-2 met: Strat ozone, trop water vapor (H2O), and aerosols


• Carbon: CO2, CH4, CO


• M2 SCREAM strat: Strat H2O, N2O, HNO3, HCl, CO, CH3Cl


• GEOS CF trop: NO2, SO2, 9.6 um O3


• GEOS CR: Everything together in one system
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GEOS CR: Putting it all together
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Strat chemistry 
M2 SCREAM

Trop chemistry 
GEOS CF

Composition 
GEOS CR

Aerosols 
MERRA-2

Carbon/GHGs 
M2 Carbon



Carbon assimilation
• Assimilate satellite column CO2, CH4, and CO 

obs to produce time-varying, 3D fields (M2CC)


• 50km replay to MERRA-2 met, 12km run in 
progress


• Observationally-informed flux package (e.g. 
night lights, NDVI, FRP, surface growth rate)


• CO2 is OCO-2 L3 product (OCO-2/GEOS) 
available on GES DISC & visualizations at 
https://fluid.nccs.nasa.gov/carbon 


• Able to estimate fluxes
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12km carbon DA
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M2 SCREAM

9

500-K theta surface 

• 50 km replay to MERRA-2 met (except strat H2O)


• Assimilates O3, HCl, HNO3, N2O, and strat H2O 
profiles from MLS & OMI column O3


• Realistic, data-constrained, high-resolution strat 
and trop H2O


• Publicly available: 2004 – now(ish) on GES DISC

MERRA-2 Stratospheric Composition Reanalysis of Aura MLS



M2 SCREAM
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• 50 km replay to MERRA-2 met (except strat H2O)


• Assimilates O3, HCl, HNO3, N2O, and strat H2O 
profiles from MLS & OMI column O3


• Realistic, data-constrained, high-resolution strat 
and trop H2O


• Publicly available: 2004 – now(ish) on GES DISC

MERRA-2 Stratospheric Composition Reanalysis of Aura MLS



Hunga Tonga–Hunga Ha’apai
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The extra water vapor induces radiative 
cooling and dynamical perturbations 
consistent w/ M2 analysis tendency

Water vapor at 650 K potential 
temperature (~26 km) from M2-SCREAM

Coy et al., GRL 2022 
Southern hemisphere, 20 hPa

MLS observations
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Ozone, 52 hPa

HCl, 52 hPa

T, 52 hPa

H2O, 26 hPa

Trace gas and temperature anomalies

Early 2019: Dynamically-driven anomaly 

Late 2019: Rare sudden stratospheric warming 
over Antarctica 

2020: Exceptionally strong Arctic polar vortex 

2020: Australian New Year’s wildfires 

2020 and 2021: Long-lasting Antarctic polar 
vortices 

2022: Hunga Tonga eruption



MLS continuity
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• Possible to continue strat H2Ov 
record from MLS w/ SAGE III/ISS 
data


• Other constituents … not so much



GEOS CF
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• GEOS-Chem chemistry: 250 gas-phase species, 725 
reactions


• 25km replay to GEOS IT met


• Coupling w/ aerosol chemistry


• https://fluid.nccs.nasa.gov/cf 

https://fluid.nccs.nasa.gov/cf


SO2 assimilation: Mauna Loa eruption
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SO2 total column, 6 Dec 2022

Mauna Loa eruption not simulated (top), 
yet still captured by assimilation (bottom)



COVID-19 CO2, NO2, and O3
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Tomorrow’s Enterprise
• State estimation systems transitioning to Joint Effort for Data assimilation 

Integration (JEDI)


• Joint effort of GMAO, NOAA EMC & PSL, NCAR, Navy, Air Force, and UK Met 
Office managed through JCSDA


• Will be the basis of future coupled ocean-atmosphere (and more) analyses, 
e.g., MERRA-3


• Interoperable “all-DAS” system
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Conclusions
• GMAO maintains state-of-the-art Earth System modeling and data 

assimilation systems


• Code (GitHub), products (GES DISC), etc. publicly available and documented 
in literature


• Increased coupling, resolution, fidelity of constituent analyses


• GEOS CR production starting soon


• Further inter-center interoperability, coordination, and collaboration w/ JEDI
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