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Summary Microphysics: GFDL MP vs Thompson MP
NOAA i1s collaborating with the US weather and climate science community to develop the next generation fully coupled earth system
modeling capability for both research and operational forecast applications across different temporal and spatial scales. This presentation
will first introduce major changes and updates of atmospheric model physics which are targeted for both the global and regional models for GFDL MP (single Thompson 2008/2014
short and medium-range weather forecasts and subseasonal to seasonal predictions. Strategies are developed to first test individual physics moment) (double)
parameterizations in atmospheric-only forecast experiments in the aforesaid applications and then to further evaluate and improve the
pa.ramete.riz.ations in the integrated earth §ystem Ipodeling app?ica?ions to reduce mod;l systematic biases and i.n.lprove model prediction. qv, ql, qi, gs, qr, qg, ni, nr
skills. Significant efforts are made to unify physics parameterizations for all applications to speed up the transition of research to operation prognostic av. ql, i, g5, qr, 42 (2008)
(R20) and to reduce the cost of operational systems maintenance. A few samples will be presented to highlight the success and challenges variables + nc, nwia, “‘f“‘) (aerosol-
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of introducing new physics parameterizations into the UFS forecast systems.
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These difference in hydrometer

loadings affect radiative heating and
radiation balances

NOAA is collaborating with the US ~ Physics for UFS Applications:

weather and climate science « Develop and improve physics parameterizations

community to develop the next for UFS applications to reduce model systematic
biases and maximize model prediction skills.

Surface Conwvective Avail Potential Energy [Jkasll
OOZ Cye OlJanZ2O012 S0Dec2013 Mearn

Noah Noa h_M F) (fOo8 fiz=2 168 fZ24) Fost— Hour Average
Multiple surface temperatures - : - _°7u
Single surface and distinct canopy

tesmperature T T

generation fully coupled earth system

« Unify physics parameterizations for all

modeling capability for both research

Barlage
" @EMC

applications across different spatial and temporal

and operational forecast applications

scales to speed up the R20 transition of physics
across different temporal and spatial innovations and to reduce the cost of operational

scales. systems maintenance.

GFSv16 CAPE was too low, especially over central US

GFS.v17: improved surface coupling with Noah-MP, increase latent heat flux
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B. Physics options in latest UFS applications planned for operations in 2023 to 2024

+—+ ep1
oo ep2
ep3

)

GFS.v17/GEFS.v13 HAFS.v1 Suite A HAFS.v1 Suite B RRFS.v1 %
Shallow & Deep sa-SAS: Positive sa-SAS: Positive sa-SAS: Positive MYNN " =
convections definite mass flux; definite mass flux; definite mass flux; 2. ol . i . 1
Stochastic convective |Stochastic convective | Stochastic convective = e bl e
E le f h the | FS ph
organization: organization: organization: < nsemble forecasts rpade with the latest UFS physics §U|te
T S Ty el (EP3) showed much improved T2m ensemble spread in
Optimization for CAPE Optimization for CAPE | Optimization for CAPE, o cold seasons, presumably due to improvement feedback
TC-specific tuning @ between cloud microphysics and the land model.
Surface Layer GFS sfc, with Sea GFSsfc, with Sea spray GFS sfc with Sea MYNN sfc 2
spray spray, TC-specific =4
tuning o
O
- g g =
PBL Modified sa.-'.I'KE- Mod_li_’led sa-_T!(E-EDMF Mod_lf_led TK.E-.EDMF MYNN = S st But degraded ACC, and precip
EDMF: Positive Positive definite tracer |Positive definite tracer 2 (not shown)
definite tracer advection; TC-Specific |advection; e
advection tuning optimization, TC- = . . o oao oa/ oos, somosacs_sostoso
Specific tuning g s D G Bl v 1 ) v -
m 00Z Cycle 120hr Fecst, 202012( 00Z Cycle 120hr Fest, 20201203-20210306 Mean 087 Sff{izo:_ 11.13-8_83
Gravity Wave Orographic-GWD & Orographic-GWD & SSW; TOFD SS-GWD ; TOFD a " — arae W:ma N
Drag Mountain Block; non- Mountain Block; non- S | e -
stationary GWD; stationary GWD é - 7 oe- _
SS'GWDW ; TOFD % %’ 200 { :é'::: o] Direrenes "T;GFE'G %: —:l—’ ,ﬂ S
a. E ol ~os: -
o & T w
Land Surface NOAH MP and VIIRS [Noah LSM NOAH MP and VIIRS RUC = NOAH MP = o ~o.oe-
Model veg type veg type é . g T T e e |
e l§§§5—1.a-1-o.a—o.a—o.+—o.s‘o 0.2 0.4 0 1853.-' VWND Bles e e o
o VWND Bias  con vemane gman T.'.., oo ot (1ee) . .
Microphysics Thompson MP (non- | GFDL MP Thompson MP (non- § new OGWD “old” OGWD vTvl;f.l? f,v,vof sﬁ,vvrll)l;l:f made polar might ets foo
aerosol aware) aerosol aware) (aerosol aware) g";* uGWDv1 also still suffers numerical instability issues over steep mountains
=X
o)
Radiation (LW & RRTMG RRTMG RRTMG RRTMG "g"
SW) 7
CONUS Tom AC for RMM1/RMM2/RMM1&RMM?2
land/sea/lake VIIRS MODIS MODIS MODIS = VIIRS 100 " CFS_v2 ' breve
masks T2m ACC over the CONUS from a 3:22_'3; ™ e
. _p b
set of UFS prototype experiments = UFS p3.1 o
75 UFS_p4 0.8
m UFS_p5 0.5
m UFS pb6 L o
C. Success and Challenges . - " UFS p7 o
‘ Verification made ® UFS p8 0.2
by Lydia Stefanova o1
Challenges of Implementing RRTMGp in the UFS 25 ™
- | P E— J ‘I | J | | o e T e T e
- m.;.é o 107 RRTMGP - * ﬁ_‘.‘g Db o % > A % , % 0 J.Inl—l Progressively Improved MJO forecasts in the UFS prototypes.
g e S e s N - N €T Week 1 Week 2 Week 3 Week 4 Weeks 384 Including 168 cases (Apr 2011-Mar 2018, 1st and 15th of each month)
% ) ] : Mlawer sos . 2 : .
& or ] S Y e @AER . .
1 o : 80s | Physics Development with the Beyond GFS/GEFS/RRFS/HAFS Prototypes and 2022
0 s e 5 02 _g3 9% ol o2 03 of + Optimize the physics schemes included in the UFS - Include lake models (e.g. FLAKE, FVCOM etc) in the UFS.
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) ) ) Further test and evaluate the unified gravity-wave physics package
biases and improve forecast skills (UGWD.v1).
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atmospheres. Code — reference differences are on right. Top two layers are at 0.28 mb and 0.1 mb. ) ) ) . Continued Process level evaluation of new advanced thSlCS
+ Unification of sa-SAS and GF convection schemes. processes descriptions in GFSv17, including tropical variability,
e RRTMGp is completely rewritten with modern Fortran « RRTMGp is more computationally efficient than RRTMG in Impfm{lng tropical waves and m1d-1at1tud§ CAPE. microphysics/sea ice coupling over the Arctic regions, surface layer
language and has more spectral bands and improved offline RTM calculations, but is still two to three times more + Optimize NOAH-MP to reduce forecast biases. Develop processes, etc.
land as a component model.
accuracy. expensive in the UFS after certain optimization and with
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