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FVV3WAM - the Whole Atmosphere Model and Space Weather Application of
Unified Forecast System (UFS) that build upon on the current operational
GFS-v16 (0-80 km) of NOAA/NWS with FV3 dynamics.
It will serve for ITM forecasts and data analysis from ~50 km to the exobase.
FV3WAM is the nonhydrostatic atmosphere model
with top lid at ~(10""Pa, or at ~450-650 km) with upgrades of operational WAM physics.
Main upgrades of FV3 equations and solvers: variable gravity, molecular weight, heat capacities
and 3D Molecular-Eddy Dissipation (MED) operators as a part of FV3 dynamics to describe
the advection-diffusion coupling for resolved dynamics and sub-grid processes above PBL.

FV3WAM configurations across scales: C96(100 km), C192(50 km), C384(25 km), & C768 (12.5 km);
vertical layers: 150L (oper. layers of WAM-IPE) and 196L. (match GFS-v16 of NWS).



FV3WAM-v1 (100 km to 25 km) and FV3WAM-SLES (~25 km)

(a) January: Zonal Mean AMF, mPa
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July Zonal Wind and its Wave Forcing:
FV3WAM-100 km vs FV3WAM-SLES (25 km)
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Diurnal Tide: FV3WAM-vl and SABER/TIMED
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Semidiurnal Tide, SW2 Mar 2022: SW2, Mar (top) & Oct (bot) 2018:
WAMGSM'DAS VS WACCM'X/ GEOS'S FV3WAM with 2 vertical resolutions

(L150 and L.196)
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F10.7, Kp. Sol. Wind

Density kg/m3, x 10(-11) & x 10(-9)

Temperature, K
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FV3IWAM-v1 2019-Run with SW Drivers of SWPC (SMIN)
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(b) 2019: Global Density at 300 and 160 km, FV3WAM and MSIS2
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(¢) 2019: Global Temperature at 160km: FV3IWAM, GOLD and MSIS2
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molllllllllllllllllllllllll

~3
o
=)

2

65

——  FV3WAMat GOLD
wew- GOLD-Disk Day

{3 A
of . ' v !
; :"‘ ) I < ¢ 4\ . : ' B
3 W 1| "u“ ! A .« “ \ I. !
ORR L4 A k ? '
“ (..4 ‘ ‘ \'“ w‘ \ ‘ . } ‘ " "‘
' B s | T
150 200 250 300 350

Nave nf 2019

Comparison with GOLD T-disk needs applications of the
averaging kernels to map MSIS and FV3WAM simulations
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Composition: FY3WAM 2019 Annual Run with SWD of SWPC/NOAA
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May 2024 Super Storm: First Simulations of FV3WAM-V1

GOLD: £O/N2 May 11, 14UT GUVI: £O/N2 May 11
May 5-19: Solar-geomagnetic Drivers, F10.7, AP and KP .
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Density: PRE-STORM

05/10: WAM-OPER, 14UT
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ON2Col

Composition (Oxygen) vs Temperature in the GOLD Layers
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FV3 Mesoscale Dynamics: GW Explicit Simulations

FV3-based Models reproduce the mesoscale GW patterns
observed from the troposphere to upper thermosphere. () FV3WAM-SLES @5km): KESx k™ (b) FV3WAM-V1 (100km): KES x k
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WACCM-X/SE and FV3WAMS-SLES (25 km) at 87 (AWE) and 80 (EZIE) km:
Mesoscale Wave Patterns in Temperature and Horizontal Winds
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AWE Temp-res and EZIE Secondary Products (Winds-80 km and Temp-re 60-80km) will provide data for Meso-Dynamics



Dec 30 2023: Sampling Orbital Swaths of AIRS ( 15 nk CO2, 42 km peak) and AWE (OH-emission, 87 km)
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January FV3WAM-SLES GW Regional Activity in 3 Layers
AWE (87km), GOLD (160 km) & GOCE (250 km) /Data Analysis/
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SABER/TIMED: Seasonal Variability of Diurnal Tide in MLT
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Summary: FV3WAM in UFS and Next Steps

Two configurations of FV3WAM as the Space Weather Application
of UFS were designed and assessed.

FV3WAM-v1 (100 km) will be in the next UFS community release.

Combination of two FV3WAM-v1 resolutions (100 km and 50 km)
are planned for the JEDI data assimilation with the 1-hour
analysis-forecast cycling with retrospective ITM observations.

FV3WAM-SLES (25 km) will be further tested and promoted as the
Nature Run (NR) simulations for OSSEs for SW-oriented missions.

Twin-OSSE (WACCM-X/SE 25 km) & FV3WAM-SLES (25 km)
design will support next SW-oriented missions:
EZIE, DYNAGLO, WindCube, GDC and DYNAMIC
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FV3WAM: Kinetic Energy Spectra and Scale-Aware GW Physics

(a) Kinetic Energy Spectra (KEH), 100 hPa (¢) Kinetic Energy-W Spectra (KEW), 100 hP’a
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GW Explicit Simulations without specifications
of any types for “sub-grid” sources of waves. kc =1/L e ‘cut-off’ lengths (resolution) define the source strength



