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Outline:

* Who is using FV3?

— The global FV3 community
* FV3 at GFDL

— History of climate modeling

— The unified modeling suite
* Modern NWP

— Seamless weather-climate prediction/projection
* Special focuses:

— Hurricanes, severe weather, MJO, diurnal cycle...
* Global cloud-resolving modeling



Who is using FV3?
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FV3 at GFDL

Recent history of GFDL Global Climate Models
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From CM2.0 to CM2.1 -- The importance of vorticity
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FV3 at GFDL
The GFDL Fourth-Generation Unified Modeling Suite
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Weather; Subseasonal Seasonal to Decadal Decades to Centuries Decades to Centuries
to Seasonal (S2S) (S2D) Climate processes Climate composition

(MYFMYCW

Weather Scale PhyS|cs

.............................................................................

Simplified Aerosol Simplified Aerosol Fully Interactive
Chemistry Chemistry i Atmos. Chemistry

...................................................................................................................

, Global uniform/Nested/Stretched :

Grids Bl T e e o7 Bl T rcrvee oo ol s e e
I
I
1

1 100/50/25 km horizontal 100/50/25 km horizontal 1 i 1
! 3-25 km horizontal resolutions 1z | 100km horizontal |

1 | 1
1 . | 1 .
| 1 resolutions | 1 resolutions 1 resolutions
& o _61_3-91_v_er1|c_al_le_vglg o y I 33-63 vertical levels 1 \I 33 vertical levels I/ \ 1 49 vertical levels u

Mixed-Layer .
Ocean 2t ]
: 1 degree horizontal resolution :
! 75 vertical |
NOAH L e e
Land model

All models use the Flexible Modeling System (FMS) framework and are part of the Unified Forecast System

: 1/2 degree horizontal resolution
75 vertical layers




Modern NWP

GFDL seamless prediction/projection modeling system

Daily Weather Sub-seasonal to Seasonal Decadal Climate
Forecasts Predictions Predictions Projections
hours 2 weeks 1 month 3 months to 2 years Decadal Century a
Thunderstorms, Hurricanes, MJO, Heat waves, Droughts... ENSO, Hurricanes, time scale

Tornados, Precipitation/
Hurricanes... Temperature anomalies
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SHIELD System for High-Resolution Prediction on Earth-to-Local Domains

Weather- to-Seasonal Application
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C768r15n3: 20-3km
Severe Weather Prediction
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Global Weather Prediction

C3072: 3km

C768n4: 13-3km
Global Cloud-resolving Simulation

Tropical Cyclone/MJO Prediction

Harris et al. (2020)
Courtesy of Linjiong Zhou, Kun Gao, Kai-Yuan Cheng
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GLOBAL: Model Selection

SHIELD - current real-time

SHIELD - 2019-2020 real-time
CONTINENTAL:

C-SHIELD - current real-time
HURRICANE:

T-SHIELD - current real-time

T-SHIELD - 2020 real-time (07/20-09/04)

hfvGFS - 2018 real-time

Changing an option below will update the
subsequent options automatically

Model

SHIELD - current real-time v

>

Model run Current UTC: 18:03
2020-10-15 (062) v
> Next
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Eastern Pacific
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New Jersey
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Global Products

6-hr Rain/Mix/Snow, MSLP, anc v

Load and Animate

The GFDL SHIiELD Real-Time Model Website
https://shield.gfdl.noaa.gov/new
Operator: Matt Morin
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SHIELD | System for High-resolution modeling for Earth-to-Local Domains

Currently Viewing: @ SHIiELD - current real-time
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https://shield.gfdl.noaa.gov/new

Courtesy Linjiong Zhou

13-km SHIELD Evolution Harris et al, 2020, JAMES

Incremental improvements in FV3 and Physics
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13-km SHIELD Evolution

Incremental improvements in FV3 and Physics

Tropical
Precipitation

vs. [RMM
25-km data

CONUS
Precipitation
vs. StagelV
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GFDL Microphysics

© 2018

Inline GFDL MP
Pos-Def Advection

Courtesy Linjiong Zhou
Harris et al, 2020, JAMES

® 2019

Updated FV3
Revised GFDL MP

GFS Physics EMC SA-SAS YSU Turbulence URI-GFDL Sea State
Mixed-layer Ocean
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The importance of initial conditions

SHIELD C768 (13km)
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Ongoing Collaborations with ECMWF: DIMOSIC Project (DIfferent MOdels - Same Initial Conditions) based on
> Chenetal. 2019, GRL
» Magnusson et al. 2019, QJ



Data Assimilation in SHIELD

DA in FV3-based GFSv15 prototype

Benefited form the use of the GFDL
microphysics scheme, the all-sky
radiance assimilation framework was
expanded to include precipitating
hydrometeors.

90°N (a) all AMSU-A obs passed data thinning w/o QC

60°N |G shms

30°N [t R R 1. S AN

0° 60°E 120°E 180° 120°W 60°W

Locations of AMSU-A observations that meet the precipitation
screening criterion in deep-convection (high-impact) areas are
rejected in the original all sky framework but are kept in the new
all-sky framework

M Tong et al. 2020, MWR
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Hurricane forecasts

SHIELD C768 (13km) and T-SHIELD (3-km two-way nest)

COMPARISON of GFDL MODELS vs. GFS COMPARISON of HAFS MODELS vs. OPERATIONAL MODELS
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Results as of 26 October 2020. Courtesy Kun Gao & Morris Bender



Severe Storm Forecasts

C-SHIELD (3 km)

HRRRv4 2020-04-29 03:00
Ed B v

+ 3-km CONUS nest for severe weather prediction
out to 5 days

« Leverages advances from other SHIELD

. . [E=—=—r SSSse | m— g = =I_:='—
5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75
confi gu rations FV3-NSSL SAR 2020-04-29 03:00 Obs 2020-04-29 03:00
; R ' ™~ S

+ Revised diffusion and shallow convection, updated
GFDL microphysics and PBL

» Submitted to 2020 Spring Forecasting
Experiment at the NOAA Hazardous Weather
Testbed in Norman, OK

* Received high marks for pre-storm environment
and cold pools

5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75

+ FV3-NSSL (diff. MP, PBL, LSM) does very well with From NOAA Hazardous weather testbed:
storm structure every year https://hwt.nssl.noaa.gov/



Madden-Julian Oscillation

Seamlessness in the GFDL Modeling Suite

CMIP Earth-System Models

100-km AM4 Atmosphere
(C96 FV3 + GFDL Climate Physics)

+ 25-km MOM6 + LM4

CM4 Coupled Climate

Model

Even at 100-km good MJO
propagation is found...if

coupled to an ocean

Zhao et al. 2018a,b

(d) OLR (AM4.0 AMIP)
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Courtesy Baogiang Xiang and Yonggiang Sun
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adden-Julian Oscillation

S-SHIELD (25km) and T-SHIELD (4-km two-way nest)

25-km S-SHIELD

— MLO
- No MLO

20 Days \.‘\

' RMM ACC for DYNAMO
(2011-12)

~§
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0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36

Lead time (day)
Harris et al. 2020, JAMES

Mixed-layer ocean adds 8 days of useful
skill
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4-km Maritime Continent Two-Way Nest efficiently
improves predictability and propagation of MJO
compared to 16-km uniform parent
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Diurnal Cycle

S-SHIELD (25km) and T-SHIELD (5-km two-way nest)

Diurnal Cycle (US)

a) Tropical land (15°S-15°N) b) Troplcal Ocean (15°S- 15 N)
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» Superior to all CMIP5 Models forecasts vs. StagelV Courtesy Kai-Yuan Cheng

Harris et al. 2020, JAMES



Global cloud-resolving
modeling

X-SHIiELD
C3072 (3.25km)

3.25-km GCRM seamlessly
integrated with other GFDL
models

Partnering with Vulcan, Inc and )
the University of Washingtonto  vuLcan
build a hybrid ML model to

emulate X-SHIiELD in a cheap A
low-resolution model w

Courtesy S-J Lin, Xi Chen, and Linjiong Zhou



www.qgfdl.noaa.gov/fv3

shield.gfdl.noaa.gov
github.com/NOAA-GFDL/GFDL_atmos_cubed_sphere
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