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A) GEOS model and DA products can be used to constrain coupled chemistry simulations One 5-day forecast per day
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chemistry simulations through the GEOS replay technique (see Orbe et al., 2017, doi: 10.1002/2017ms001053).

deSi ned tO advance the use Of the GEOS AGCM iS COU Ied B) GEOS-CF system configuration . v iE-erfzxrpIf/ezalz-t(li(;bﬁa:et;()(t(;(l):?ls?p) for anthropogenic
J p

» Online dust, sea salt, plant emissions

Satel I ite d ata p rOd u CtS . S i n Ce it iS a to th e G E O S_C h e m gfg?u":c'” m gfos & GEOS CF Keller, C. A., Knowland, K. E., et al. (2021). Description of the NASA GEOS

AOD, O, composition forecast modeling system GEOS-CF v1.0. Journal of

Advances in Modeling Earth Systems (JAMES), 13, e2020MS002413.

modular system, It can be run as a Chemistry module (ve rsion https;//doi.org/10.1029/2020M002413

C) Schematic of GEOS-CF version 1 near-real time system, with the replay segment “hindcast” prior to the 5-day forecast. Figure 3 A) & B) reproduced from Knowland et al., 2022
JAMES Supporting Information. Figure 3 C) reproduced from Figure 1 Keller et al., 2021 JAMES.

C) GEOS-CF 3 i ; r— s p— s 1008 Knowland, K. E., Keller, C. A., et al. (2022). NASA GEOS Composition
- - . - " -LF approac S ” Forecast Modeling System GEOS-CF v1.0: Stratospheric Composition.
numerical weather prediction model 12) with full tropospheric and Cesera <« o Forecast Modeling Sysem GE0S-CF v strat

Knowland et al., 2022. "File Specification for GEOS-CF Products." GMAO

and coupled to chemistry modules. stratospheric chemistry s ceos e s | | e et 17t 3 e o

| restarts for next day |

Name Dim Description - Units
BrO tzyx  Bromine monoxide (BrO, MW = 96.00 g mol-1) volume mol mol-1
mixing ratio dry air | | - -
TEMPO support .+ Validation
FRSNO tyx  fractional area of land snowcover 1

GLYX tzyx  Glyoxal (CHOCHO, MW = 58.00 g mol-1) volume mixing mol mol-1

A special collection was created for TEMPO s LU GEOS-CF v1 has been evaluated for

(" : 2 HCHO tzyx  Formaldehyde (CH20, MW = 30.00 g mol-1) volume mol mol-1 . .
sat_inst_lhr_r721x361_v72 mixing ratio dryai both tropospheric and stratospheric

= - HNO2 tzyx  Nitrous acid (HNO2, MW = 47.00 g mol-1) volume mixing “mol mol-1 . i
Reglonal ChemlStry and MEteorOIOgy 10 t | Ir::'(;:rr\r/\ca):\ro ide (10, MW = 143.00 g mol-1) volume “molmol-1 CompOSItlon and fOrecaSt SkI” (Ke”er et
. . . ZyX | Xi ! = 143. -1) volu -
Diagnostics to support TEMPO satellite 7 mixingatiocrya al., 2021: Knowland et al., 2022, JAMES)
. h / . t t f NO2 tzyx Nl.tr.ogen q|OX|de (.NOZ, MW = 46.00 g mol-1) volume mol mol-1
Frequency: hourly instantaneous from N P g ‘ Surt .
. 03 tzyx  Ozone (03, MW = 48.00 g mol-1) volume mixing ratio dry mol mol-1 Satellite observations urface obs
OOo 00 UTC OCIO | . | ?:Il‘:l . d d (OCIO MW 67 00 l 1) I | | 1 | o (a) GEOS-CF Trop. NO, column (2018-2019) (c) ZBooreaI region of Canada (50-71°N,166-56°W)25 Africa (30°S-30°N,15°W-40°E) O3 NO,
. . . ZyX orine dioxide ; = 67.00 g mol-1) volume mol mol- ‘ | 0.4 oaf
Spatial Grid: 3D, model-level, subset region | mixing ratio dry air L | s ezt LAY
. . PHIS “tyx  surface geopotential height m+2s-2 “t 1 1o} P2 oY )
of full horizontal resolution PS  tyx  surface pressure P2 A NN et
: : : : 2! | tzyx | specific humidity kg kg-1 o g T MM e P e
Dimensions: longitude=721, latitude=361, SNODP__ | tyx | snow depth . E S o B s B} o
SNOMAS  tyx  Total snow storage land kgm-2. | ol | Hos] ﬁ
ever y O 2 5 £ SO2 tzyx  Sulfur dioxide (SO2, MW = 64.00 g mol-1) volume mixing mol mol-1 £ [ :W: Z 0.4- 0.4 ]
: | ~ ratiodryair | Whaincamn il EYY\sacasacacasi NN cattiMasae
IongItUde: OQ tO _1809 T tzyx  air temperature K | 'g"0'%1/18E'07/183;5 5081/;98“’0:;12 01/20 *b1/18 Ch.o7/1z:05::lljoo 10275/1;9 01/20 1'0 ] MM ] S N 1'0 ] MM | S N
I Hit d 09 to 900 TROPPB  tyx  tropopause pressure based on blended estimate Pa SR EEREEE —y pe EEEEE— o ese T I -
ad uae: U= 10 = uz2m tyx  2-meter eastward wind ‘ms-1 | N a0 I o} b N 0'0_@96‘93869%*9
. V2M “tyx  2-meter northward wind ‘ms-1 | 0 j:j:wj o L ] e opemo ool o openio
vertical level: 72 layers ZPBL tyx  planetary boundary layer height m | El | S| s e

0'?)1/18 07/18  01/19 07/19 01/20 “01/18 07/18 . 01/19. 07/19 01/20 J MM S N ) MM S N

Year Year Monthly skill scores means, calculated from daily mean concentrations and

e ] — ¥ —_
. . -3.00 -1.00 1.00 3.00 o OMENG) aggregated by observation source (Global Atmosphere Watch, "GAW”;
ra I I u e I Z e e p e r e ® F I | es are accessed by the TE M PO tea m frO m the N CCS Data pO rta | 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 time average OpenAQ database). Top row Normalized Mean Bias (NMB); Middle row
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The replay files are available since January 1, 2022
e.g., https://portal.nccs.nasa.gov/datashare/gmao/geos-cf/v1l/das/Y2022/M01/D01/GEQOS-

MOde: Replay, ForecaStS during miSSiOn CFVOL.rplsat_inst_1hr r720x361 v72*.ncd

* In addition, hourly climatologies are provided to the TEMPO team for the Northern Hemisphere in case of any
long delays in GEOS-CF production during mission operation.

In order to have realistic stratospheric ozone forecasts when concentrations are far from climatology,
ccurred over the Northern Hemisphere in late winter/spring of 2020, it is critical 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)

Early Results of GEOS-CF v2 (2022)
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