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Introduction
GEOS is an Earth System Model 
designed to advance the use of 
satellite data products.  Since it is a 
modular system, it can be run as a 
numerical weather prediction model 
and coupled to chemistry modules.

GEOS-CF
For version 1 of GEOS-CF,  
the GEOS AGCM is coupled 
to the GEOS-Chem 
chemistry module (version 
12) with full tropospheric and 
stratospheric chemistry  

TEMPO support

• Files are accessed by the TEMPO team from the NCCS Dataportal
e.g., h?ps://portal.nccs.nasa.gov/datashare/gmao/geos-cf/v1/forecast/Y2022/M01/D23/H12/GEOS-
CF.v01.rpl.sat_inst_1hr_r720x361_v72*.nc4

• The replay files are available since January 1, 2022
e.g., h?ps://portal.nccs.nasa.gov/datashare/gmao/geos-cf/v1/das/Y2022/M01/D01/GEOS-
CF.v01.rpl.sat_inst_1hr_r720x361_v72*.nc4

• In addiVon, hourly climatologies are provided to the TEMPO team for the Northern Hemisphere in case of any 
long delays in GEOS-CF producVon during mission operaVon.

A special collec+on was created for TEMPO
“sat_inst_1hr_r721x361_v72”
Regional Chemistry and Meteorology 
Diagnos+cs to support TEMPO satellite
     Frequency: hourly instantaneous from 
00:00 UTC 
     Spa+al Grid: 3D, model-level, subset region 
of full horizontal resolu>on
Dimensions: longitude=721, la>tude=361, 
every 0.25º  
     longitude: 0º to -180º
     la+tude: 0º to 90º

     ver+cal level: 72 layers
     Granule Size: ~258 MB per file
     Start date: 00 UTC 1 January 2022 
     Mode: Replay; Forecasts during mission

Validation
⬇GEOS-CF v1 has been evaluated for 

both tropospheric and stratospheric 
composition and forecast skill (Keller et 
al., 2021; Knowland et al., 2022, JAMES) 
Satellite observations

Comparison of Ozone Monitoring Instrument (OMI) observed tropospheric column NO2 (v4.0) to GEOS-CF simulated. (a) 2018-2019 average using only the 1-2pm local Jme average 
simulated by GEOS-CF (b) GEOS-CF minus OMI (cd) Time series of tropospheric NO2 averaged for six regions indicated by the red boxes  in (a) and (b). Reproduced from Keller et al. 2021.

GEOS-CF version 2 
development
GEOS-CF v1 was frozen in 2018.  Several updates are 
coming to GEOS-CF version 2, including but not limited 
to: GEOS AGCM (v10.23.0, release late 2022), new 
near-real time GEOS for Instrument Teams (GEOS-IT) 
for meteorological replay segment (see Fig 3b), 
upgrading to GEOS-Chem v14.0, latest CEDS 
anthropogenic emissions at 0.1° global resolution up 
through 2019, data assimilation of Ozone, NO2, and SO2 
using NASA Aura-based instruments (MLS and OMI).  

Summertime (JJA) surface O3 

GEOS-CF v1 uses HTAP v2.2 which is now 
>10 years behind. V2 using latest CEDS

Ozone assimilation ➡ Improved tropospheric O3
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Surface NO2 is lower 
in v2, especially in 

urban areas

➡ this leads to 
higher surface O3

Surface O3 in 
Western US ⬆ and 

Eastern US ⬇ in version 2 
compared to version 1.

Overall, the daytime bias ⬇, 
closer to observations

Composite of NA & European ozonesondes 

Fig 3: A) The GEOS data assimilaJon (DA) system (DAS) includes the assimilaJon of a suite of observaJons including meteorological ozone and aerosol opJcal depth.  The GEOS 
DAS products at Jme of prinJng include the near-real Jme GEOS FP and FP-IT systems and MERRA-2 reanalysis, from which the analysis fields can be used to constrain coupled 
chemistry simulaJons through the GEOS replay technique (see Orbe et al., 2017, doi: 10.1002/2017ms001053). 

Fig 3 B) In addiJon to the meteorological replay to GEOS FP-IT analysis fields, the GEOS-Chem ozone is nudged towards the GEOS FP 3-hourly assimilated O3 product. 
C) SchemaJc of GEOS-CF version 1 near-real Jme system, with the replay segment “hindcast” prior to the 5-day forecast. Figure 3 A) & B) reproduced from Knowland et al., 2022 
JAMES SupporJng InformaJon. Figure 3 C) reproduced from Figure 1  Keller et al., 2021 JAMES.

C) GEOS-CF approach

One 5-day forecast per day
Ø Ini:alized at 12z
Ø 1-day meteorological replay
Ø 5-day forecast
Ø c360 (0.25°, ~25x25 km2)
Ø 72 layers (surface to 0.01hPa) 
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Emissions:
ØHTAP v2.2 (global boPom-up) for anthropogenic
ØNear real-:me fires (QFED)
ØOnline dust, sea salt, plant emissions

Surface obs

Monthly skill scores means, calculated from daily mean concentra5ons and 
aggregated by observa5on source (Global Atmosphere Watch, ”GAW”; 
OpenAQ database). Top row Normalized Mean Bias (NMB); Middle row 

Normalized Root Mean Square Error (NRMSE); BoMom row Pearson’s 
correla5on (R). Reproduced from Keller et al. 2021.

In order to have realis5c stratospheric ozone forecasts when concentra5ons are far from climatology, 
as occurred over the Northern Hemisphere in late winter/spring of 2020, it is cri5cal to have 

stratospheric chemistry mechanism to capture polar vortex chemistry.  This is demonstrated in this 
snapshot of 29 Feb 2020 at 22:00 UTC GEOS-CF (map) and a single over-pass of the Microwave Limb 
Sounder (MLS) (colored circles, measurements from 21:43 UTC to 22:14 UTC) at 45 hPa for a) Ozone, 

b) Hydrogen Chloride, c) Chlorine Monoxide. Reproduced from Knowland et al. 2022 (JAMES)

(v2: 2022)
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March surface maps
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