22 Operational Global Modeling at NCEP: Plans

L w and Advances
o 2022 Tropical Cyclone Operations and Research Forum and 76th

i Interdepartmental Hurricane Conference, Lakeland, FL, March 8-10, 2022
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Outline

e 2021: Successful year of TC predictions from GFSv16
o Implemented in March 2021
o Best track forecast skill for the North Atlantic Basin
o Competitive intensity forecasts from Global Models
e Intermediate Upgrades for GFSv16 in 2022
o Satelite DA and other Obs upgrades
o Possibly run in parallel for 2022 summer and available in real-time

e GFSv17/GEFSv13 in 2024
o Next major upgrade using UFS Coupled Modeling for MRW/SubX
o Physics finalized for GFSv17
o GEFSv13 reforecasts planned in 2023
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GDAS/GFSv16.0 implemented on March 22, 2021

nghllghts of GDAS/GFSv16:

Increase the vertical resolution from 64 to 127 and raise the model top from 54 to 80km
Advanced physics to enhance the model representation of the atmosphere

Improved DA algorithms (LETKF and IAU)

Include more observations (satellite and in-situ, HDOBS)

 Couple the deterministic global wave model with the atmospheric model using the UFS coupling
framework (simplification of production suite)

GFSv16.1: Implemented on May 20, 2021 with inclusion of Commercial
Radio Occultation Data

MODEL FORECAST — TRACK FORECAST SKILL (%) STATISTICS
GFSv16 HDOB Impact Atlantic 2018-2020

MODEL FORECAST — TRACK ERROR (NM) STATISTICSe

80km Vertical Levels in the GFS STATISTISCS FOR A SINGLE CASE — al052021_ELSA ———t—— V16R: GFSv16 RE/RT
; 1000 ——— \/16H: GFSv16 HDOB
—— ém:olEggsm__oP" 12 4 = FY19: GFSv1i5 GFSO
| ,\ 2 A
54km 800 . ® -
Much improved TC e HDOBs improve 3-8%
< |
%0{ track forecasts & |
E .| from GFSv16: H. g %
. 21 Elsa (2021) 2
, I 200+ é 0 —_— v\;/./.
0 v T v T T T g T v T T T v
} qoszih T R BN PRI —44SKILL PLOT RELATIVE TO THE V16R MODEL
Forecast lead time (hr)

0 12 24 36 48 60 72 84 96 108 120 132 144 156 168
#CASE474 439 402 366 330 296 265 234 206 181 160 137 114 95 79
Forecast lead time (hr)
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Global Deterministic Models TC Forecast Performance in 2021

Absolute Track Error (nm) Absolute Intensity Error (knots)
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GFS TC Forecast Performance in 2021: Strong vs. Weak Storms

MODEL FORECAST — TRACK ERROR (NM) STATISTICS MODEL FORECAST — TRACK ERROR (NM) STATISTICS
VERIFICATION FOR ATLANTIC BASIN 2021 — STRONG STORMS VERIFICATION FOR ATLANTIC BASIN 2021
500
500 e AVNI|: GFS Oper + ———ge—— AVNI: GFS Oper
400 4 400 -

NATL Track
(>=65 kts)

NATL Track

100 -

0 T T T T T T T T T T T T T o Y . Y ) ) y v v T T T T v
B N T o R R R
Forecast lead time (hr) Forecast lead time (hr)

Improved forecast skill for strong storms
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Absolute Track Error (nm)
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Absolute Intensity Error (knots)

Global Ensemble Models TC Forecast Performance in 2021

Absolute Intensity Error (knots)
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Global Deterministic Models TC Forecast Performance in 2021 (WPAC)

MODEL FORECAST — TRACK ERROR (NM) STATISTICS
Global Model West Pacific 2021

@ AVNO: GFS
@ EMX: ECMWF
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@ UKMD: UKM
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MODEL FORECAST — INTENSITY VMAX ERROR (KT) STATISTICS
Global Model West Pacific 2021

INTENSITY VMAX ERROR (KT)

@ AVNO: GFS
@ EMX: ECMWF
@ CMC: CMC
@ UKMD: UKM

WPAC Intensity
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TC Forecast Performance in 2021 (WPAC)

MODEL FORECAST — TRACK ERRORS (NM) MODEL FORECAST — INTENSITY VMAX ERRORS (KT)
VERIFICATION FOR WPAC BASIN VERIFICATION FOR WPAC BASIN
00 T e FIWRF: HWRF Oper T FIWRF: HWRF Oper
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MODEL FORECAST — TRACK ERRORS (NM)
VERIFICATION FOR NIO BASIN

TC Forecast Performance in 2021 (NIO)

MODEL FORECAST — INTENSITY VMAX ERRORS (KT)
VERIFICATION FOR NIO BASIN

e HWRF: HWRF Oper
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(notional) Timeline to Operations

Operational Targets for Future Global Systems (GFS/GEFS/SFS)

NPS Modeling  |Current at @ 3 a4 at @ ‘ a3 ‘ a | a @ s a at Q2 ‘ @ | UFS
System Version FY 23 FY 23 FY 23 FY 23 FY 24 FY 24 FY 24 FY 24 FY 25 FY25 FY25 FY 25 FY 26 FY26 FY26 Application
Global Weather, Waves |GFS/
& Global Analysis GDASV16.1
Regional Weather
(Parent Domain) NAMv4 G FSV1 6 X
Regional Weather UFS Medium
(Parent Domain) , ) - . : Range &
Global Ocean Analysis | GODAS Coupled Reanalysis and $2S Reforecast P GG;'-'SSVJI% Sub-Seasonal
Global 0cean & sealce[rToFs] - VW@ are here RTOFSv3 B (v and
Global Weather and - S
Wave Ensembles, v : Coupled SubX Ref ts wiReplay Technique
Aerosols GEFSv12
Short-Range Regional
Ensembles SREFV7
Seasonal Climate CDAS/ CFSv2 UFS Seasonal
Regional Hurricane 1 [HWRFv13 "
HAFSv2 HAFSv4 | UFSH

Regional Hurricane 2 |[HMONv3 G FSV1 7 & Y G FSv1 8 k& pmeens
Cetiontin1__inious GEFSv13 GEFSv14 &

esolution indow v
Regional High NAM nests/ v v
Resolution CAM 2 Fire Wxv4

UFS
Regionql High S FSV1 Short-Range
Resolution CAM 3 Regional HiRes
Regional HiRes CAM CAM & Regional
Ensemble Air Quality
Regional Air Quality  |CMAQV6
Regional Surface
Weather Analysis
Atmospheric Transport UFS Air Quality
& Dispersion & Dispersion
Coastal & Regional
Waves NWPSV1 3 NWPSv1.4 RWPSv1 UFS Coastal
Great Lakes GLWUV1.0.3 GLWUv4 | GLWUVS | | cLwuvs | UFS Lakes
Regional Hydrology NWMv2.1 UFS Hydrology
Space Weather 1 WAM/PEV1 UFS Space
Weather

Space Weather 2
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Proposed Upgrades - v16.x, November 2022
(Real-time parallel planned for summer)

Leo-Geo AMVs, GOES-17 mitigated AMVs

Include GOES-18 ABI CSR

o B G0E§'1 6/17 & VIIRS AMVs with revised cloud » ® Revised QC and bias correction for hyperspectral IR
_'g algorithm § sounders
s " ‘:A'Z't‘(l)spfz’;; MetOp-BC (replacement for & = Assimilate antenna-corrected AMSU-A, MHS, and ATMS BT
s °
e .. . Obs Operator Upgrade to CRTM 2.4.0 + GFDL cloud table
dated utilization of ASCAT winds g "
J A2 utiiizatl ST a m Precipitation-affected AMSU-A & ATMS radiances
m All-sky assimilation of GMI
m PAZ polarimetric radio occultation
8 m Include improved RO data (below 8 km and
upper levels) from MetOps S = Limit moisture observation by saturated moisture value; this
"3 is especially important when there are many hurricane
inelud | oved - E aircraft (recon) observations at 100% RH
q:’ - ;\;:Aeztoogﬁpasy;rsdtzet;eve oz;;e profile ‘= = Apply data thinning and obs error inflation to ASCAT data
or?l - - O-MPS e (UVa Ird \:gpbelr ( x c)l) S = Revised change in updating of bias correction variances
[ - an ende
— = Include VIIRS & AVHRR radiances for NSST c = Test/evaluate inclusion of P3/G-IV TDR data in GFS, full
% analysis with revised thinning S BUFR dropsonde data w/drift
Z u New correlation length X = Test/evaluate inclusion of sUAS, ARO and balloon data
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https://docs.google.com/document/d/12vyr6DGPq0uuA-oupstO7LlZa4S36303KpBG8D_FMFw/edit?usp=sharing
https://docs.google.com/document/d/12vyr6DGPq0uuA-oupstO7LlZa4S36303KpBG8D_FMFw/edit?usp=sharing
https://docs.google.com/document/d/1Kr63_mBvnJHZIJic7fL7UChqCZNGtxgV7qQVuV9X9GQ/edit?usp=sharing
https://github.com/NOAA-EMC/GSI/issues/154
https://github.com/NOAA-EMC/GSI/issues/170

Coupled UFS Applications for global medium range, sub-seasonal and
seasonal predictions

GFSv17/GEFS v13: Fully coupled NUOPC UFS Driver
system for medium-range and

NUOPC Cap

sub-seasonal predictions
Land:
®* FV3+MOM6+CICE6+WWW3+GOCART NOA'C:-lILM4
Coupled Model, Advanced Physics, Weakly v . v
Coupled DA NUOPG Cap n NUOPC Cap
* 30-year GEFS reforecasts using ERA5/ORAS5 Ocean: § - 0 Atmosphere:
MOM6 ) UFSATM
® FY24: Implement GFSv17/GEFS v13
Seasonal Forecast System (SFS v1.0) ¢ | R §
® Fully coupled Unified Forecast System, Seasonal —— n T
ensemble forecasts with coupled reanalysis and NUOPC Cap i =
reforecasts, Advanced coupled DA T NUOPC Cap Aerosols:
WaveWatchlll . et
® FY26/27: Implement SFS v1.0 Sea ice:
CICES/6
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Physics Planned for GFS.v17 & GEFS.v13

Microphysics

Radiation (LW &SW)

Orographic Gravity Wave Drag
Small-scale gravity-wave drag (new)
Turbulent Orographic Form drag (new)
Non-orographic Gravity Wave Drag
Land

Aerosol

PBL

Surface Layer

Cumulus Convection (Shallow & Deep)

Lake

@ NATIONAL WEATHER SERVICE

GFS.v16
GFDL MP
RRTMG

Kim & Arakawa (1995)

uGWP vO0 (Yudin et al., 2018)

Noah SLM

OPAC (5 types, 5x5-deg resolution)
sa-TKE-EDMF

GFS

sa-SAS

NSST

GFS.v17/GEFS.v13
Thompson
RRTMGp

uGWP.v1
Kim and Doyle (2005),Tsiringakis et al.
(2017), Beljaars et al. (2004)

uGWP.v1 (Yudin et al., 2020)
NOAH MP

MERRA2

updated

Updated

updated

FLAKE on top of NSST
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Thanks for your attention

Questions?
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