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« Current Global Forecast System (GFS) data assimilation configuration
« Upcoming upgrade: GFS v16.3

« Upcoming observations

« Towards GFS v17 and beyond
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« Current Global Forecast System (GFS) data assimilation configuration

@ NATIONAL WEATHER SERVICE Building a Weather-Ready Nation // 3


https://www.commerce.gov/

Radiances (*all-sky)

e AMSU-A* (NOAA-15, -18, -19, Metop-B, -C)
MHS (Metop-B, -C)
ATMS* (S-NPP, NOAA-20)
SSMIS (DMSP-17)

IASI (Metop-B, -C)

CrlS (S-NPP, NOAA-20)
AVHRR (Metop-B)

ABI (GOES-16)

SEVIRI (Meteosat-8, -11)
AHI (Himawari-8)

Derived Motion Winds (DMWs, aka AMVs)
e Geostationary: GOES-18, ABI, AHI
e Polar (AVHRR, VIIRS, MODIS)
e LEO-GEO

Scatterometer Winds
e ASCAT (Metop-B)
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Observations used in GFS

Ozone Retrievals
e OMPS-NP (S-NPP), OMI (Aura)

GPSRO Bending Angles
e Multiple systems including Metop GRAS
and Formosat COSMIC-2. Commercial
data too.

“Conventional Data”
e Radiosondes
e Surface obs (ocean: ships, fixed buoys,
drifting buoys)
e Aircraft
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3 Data Coverage

AMSU-A Surface Upper Air

®MOORED BUOY ® RAWINSONDE

GSl observation data: AMSU-A SLANDUMETAR! ®SHIP/BUOY

Latitude

.
e

o5 80E 120E 180 12¢

Latitude

Longitude

ATMS Geostationary Aircraft

@ NATIONAL WEATHER SERVICE Building a Weather-Ready Nation /I 5


https://www.commerce.gov/

ay
Update prior ensemble using current
observations. Use covariance >
localization and inflation to address
§ sampling error
=
X g
: 3
Stochastic . 2
physics added to 1 L o
each member as 8
a proxy for model 4 3
error Ensemble %
contribution Obs +
to _Ensemble >
background simulated obs
error for EnKF
= covariance update
T574L64
GSI Replace the
§ Hiah Observer Hiah EnKF ensemble
il b mean analysis
-8 Resolution + Resolution >
E Forecast Hybrid EnVar Analysis
Solver
Previous Cycle Current Update Cycle

'S/ NATIONAL WEATHER SERVICE Building a Weather-Ready Nation // 4


https://www.commerce.gov/

N Outline

« Upcoming upgrade: GFS v16.3
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GFS v16.3 DA Upgrade
Satellite Radiances

: l\_/TIOR-(SBeA?\/Iﬁ\/I\éI\\{vSi;th revised cloud algorithm m Assimilate antenna-corrected AMSU-A, MHS, and ATMS BT
. g m Obs Operator Upgrade to CRTM 2.4.0 + GFDL cloud table
| |

AMVs from MetOp-BC (replace MetOp-AB) oo _
Updated utilization of ASCAT winds (add MetOp-C*) m Precipitation-affected AMSU-A & ATMS radiances

Retrieved Ozone Near Surface Sea Temperature Analysis

m Include AVHRR and VIIRS* radiances with revised thinning box
m Include top 5 layers retrieved ozone profile m New correlation length based on the first baroclinic Rossby radius of
m Ozone profiles from NOAA-20 OMPS Nadir Mapper deformation (~ latitude dependent)
Exclude partly clear AVHRR radiances
Include PAZ radio occultation Inclusion of in-situ observations over the mixed surface type
Include Sentinel-6* Relax gross check threshold for in-situ observatio
Revised QC Add new in-situ observations: Saildrone, Argo, and Glider

Bug fixes for observation operator (NBAM) Preparation for Upcoming Observations

code optimization m N-21: ATMS, CrIS, VIIRS, OMPS

m GOES-18: ABI ( need CRTM coefficients)
m Himawari-9: AHI (switch to operational mode in mid-2022)

m Variational QC bug fix for winds

m IR radiance assimilation: numerical errors in surface
emissivity check, bias correction when air-mass bias terms
are turned off, data thinning
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Forecast Impact from GFS v16.3
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« Upcoming observations
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Future Data Upgrades

GOES-18 AMVs (1/4/2023)
NOAA-21 (ATMS and CrlS: March 2023)
NOAA-21 (OMPS, VIIRS: Later in 2023)
Meteosat Third Generation (MTG-I being launched in Dec 2022)

o Flexible Combined Imager (FCI) - successor to SEVIRI
e MTG-S (launch in 2024)

o MTG-IRS - hyperspectral geostationary sounder

e MetOp-SG (IASI-NG, MWS, Metimage, 3MI: No earlier than 2025)
Commercial-buy GPSRO bending angles will continue
Cubesats?
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« Towards GFS v17 and beyond
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=y Notional Timeline for NCEP Modeling Suite
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Space Weather 1
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EMC Verification
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Global Multi-model
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Ensemble Tropical
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Precipitation Analysis |CCPAv4
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GFSv17 Overview

* 5-way weakly coupled system
Atmosphere
Ocean
Sea ice
Land
Waves

 GEFS will also couple to aerosol
Undecided if all members or just
control member

* GFS and GEFS will be separate

systems
Infrastructure will be as unified as
possible
Evaluations and code deliveries are
separate
Implementation day planned to be
the same day
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/ UFS Driver
/

Atmosphere:

UFS ATM

FV3 dycore
CCPP Physics
NOAH-MP

Aerosols:
GOCART

Mediator:
CMEPS

Waves:
WAVEWATCH
m
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Proposed GFSv17
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N Potential Atmospheric DA Upgrades

Early Cycle EnKF

Thompson Microphysics

Other All Sky Assimilation Upgrades

Improved use of land surface affected radiances
Scale-Dependent Localization
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Thankyou

@ NATIONAL WEATHER SERVICE Building a Weather-Ready Nation // 17


https://www.commerce.gov/

Early Cycle EnKF

In operations, the GEFS initializes using the 6 hour forecast from the previous
cycle’s GDAS ensemble.

* Running the EnKF update in the early cycle will allow the GEFS to initialize using
an ensemble analysis from the same cycle, providing a greater connection
between the GFS and GEFS.

» The early cycle has fewer observations available — increased ensemble spread
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Plans for All-sky Radiance Assimilation (Emily Liu)
| orsveso | oVl

Antenna-corrected temperature (SDR)

AMSU-A
ATMS Include precipitation-affected data over ocean (true all-sky)
CRTM-2.4.0 CRTM-2.4.1
o Cloud optical table based on GFDL model PSD o Cloud optical table based on Thompson model particle size distribution
Obs o Bug fix for surface emissivity Jacobian under scattering conditions o table characterized by effective radius
Operator

o table characterized by hydrometeor mixing ratio

o All hydrometeors and fractional coverage are considered in simulated BT

e Fractional coverage is considered by cloud averaged overlap assumption
(CRTM) .
e Two-column BT calculation
Analysis
e Symmetric observation error model - error is a function of averaged cloud amount predicted from observation and background
o Variational bias correction - use data samples contain consistent cloud information in the observation and background

Bka Er o Flow dependent through ensembles or all hydrometers
g o Static: 5% of the background hydrometeor

e Symmetric observation error model - error predictor is the average of cloud e Symmetric observation error model - recalculate due to change in the forecast model including cloud

Absorption/emission and multiple scattering by precipitating particles

e Update GSI-Model interface to read in precipitating hydrometeors e Update GSI-Model interface to read in extra prognostic variables from Thompson Physics (number
concentration for cloud ice and Rain)

o Data thinning - no preference
e Hydrometeor control variables: ql, qi, qr, gs, and qg
o General precipitation screening removed, only filter out highly scattering scenarios

o Additional QC: cold air outbreak check Re-examine CAO check
e At each observation footprint (performed at each outer loop) e At each observation footprint (performed at each outer loop)
e Calculate the GFDL cloud fraction profile e Calculate GFDL cloud fraction profile (check update)
e Calculate the GFDL effective radius for each hydrometeor e Calculate effective radius for each hydrometeor based on Thompson physics

amount from background and observation) physics

4D Increment Analysis Update (IAU) without increments from hydrometeors
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Plans for All-sky Assimilation - Additional (Emily Liu)

m Feed back hydrometeor increments in IAU (requires modification
in the model)

m Include subgrid cloud/precipitation into observation operator
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