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NCEP RAP v2 (GSD 2013) upgrades

Data Assimilation

GFS EnKF-3DVAR hybrid
data assimilation

PBL-based moisture

Physics changes

MYJ > MYNN PBL scheme
6 > 9-layer RUC LSM

pseudo-innovations

Surface-obs-based soil
moisture/temp adjustment

Low cloud building / other
cloud enhancements

Temp-dependent radar
hydrometeor building

Lightning data assimilation
GSl trunk update

MODIS land-use (fractional)
Modified roughness length

Revised Thompson cloud m-phys.

Higher-order numerics
Positive definite scalar advection
5th.grder vertical advection

Update to WRFv3.4.1




¢ RAP / HRRR use of MYNN PBL scheme

First implemented with RAPv2 / HRRR 2013 Joe Olson talk,
o ] Thurs 1:30

Improved mixing length formulations to
flexibly change behavior across the stability spectrum

Improved surface layer scheme with customization to PBL scheme

Further enhancements for RAP v3 / HRRR 2014 -- cloud mixing,
refined closure constants, coupling to different shallow cu schemes
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¢ Updates to RUC Land Surface Model

Soil
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¢ RAPv2 Hybrid Data Assimilation

13 km e E E

RAP
Cycle
ESRL/GSD RAP 2013 o
Uses GFS 80-member ensemble 80-member GFS EnKF
Available four times per day Ensemble forecast valid at
valid at 03z, 09z, 15z, 21z 15Z (9-hr fcst from 62)
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Digital Digital Digital
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¢ RAP Hybrid Data Assimilation

RMSE Vertical Profiles -- 22 Nov - 22 Dec 2012
=== RAP Hybrid === RAP No Hybrid (3D-VAR)

Improved upper-air fields, crucial for RAP / HRRR
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¥ RAPv2 PBL moisture pseudo-obs

PBL-based pseudo-observations MEM 21z 21 Dec 2013
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Improved PBL moisture structure, crucial for RAP / HRRR
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Upper-air: RAPv2 vs. oper RAPV1
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¢

2m T and Td: RAPv2 vs. oper RAPv1
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¢ 12 h precip: RAPv2 vs. oper RAPv1
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¢ 2012 HRRR Initialization from RAP
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HRRR Initialization from RAP
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¢ Improved 0-2 hr Convective Fcsts

Radar Obs
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¢ Improved 0-2 hr Convective Fcsts

Radar Obs o ek
05:15z 18 May 2013+ . 05z + 15 min
15-min fcst . 15-min fcst
. 3-km radar DA ST _ NO 3-km radar DA
g 2 Al i
2 - - i L : L 'E
| ] [ | ]

B To) _ [o]

. ] ] . M A ] ]
1 T [] SHENREESE

2014 WoF and HIW . RAP/HRRR Development . 02 April 2014 15



¢ Improved 0-2 hr Convective Fcsts

Radar Obs @y s i
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¢ Improved 0-2 hr Convective Fcsts

Radar Obs i T T
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¢ Improved 0-2 hr Convective Fcsts
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¢ Improved 0-2 hr Convective Fcsts

Radar Obs

06:30z 18 May 201
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¢ Improved 0-2 hr Convective Fcsts
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Radar Obs
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¢

Model

ESRL RAPvV3/HRRR-2014 Changes

Data Assimilation

WRFv3.5.1+ incl. physics changes
Physics changes:

Grell-Freitas convective scheme

MYNN PBL update - Olson

RUC LSM update - Smirnova
Thompson microphysics —v3.5.1
RRTMG radiation scheme

Shallow cumulus parm w/ rad feed
MODIS veg fraction/leaf area index

Merge with GSI trunk
Increase ensemble weight in hybrid DA
8m=>2m bkg for sfc Td assim

Radiance bias correction
New sat assimilation (NOAA-19,
METOP-B, GOES, direct readout — RARS)

HRRR
(3 km)

WRFv3.5.1+ incl. physics changes
Physics changes:

Thompson microphysics —v3.5.1

RRTMG radiation scheme

MODIS veg fraction/leaf area index
Numerics changes:

6" order diffusion in flat terrain

Smooth terrain @lat BC

MYNN PBL update - Olson version
RUC LSM update

3-km hybrid ens/var
assimilation (var-onl

in 2013

8m=>2m bkg for sfc Td assim
Radar LH - 4x less intense than 2013 (2x
less intense than RAP but more local)

Changes with high/medium
importance overall forecast skill




¢ Arkansas Tornadoes Background
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&HRRR Supercell Forecast Arkansas
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' eé HRRR ensembles (TL or trad):
» Assess likelihood of hazards
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Yarnell, AZ Wildfire Background

Wildfire Driven by thunderstorm
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¢ HRRR Wind Forecast Yarnell, AZ

HRRR run at HRRR Fcst 80m Wind (kts)
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Composite Reflectivity Valid At: =
Derived From Mosaic3D 0643042013 19:00:00 UTC 'KQZ

Observed

HRRR forecast from
1900 UTC (noon MST)

model run, which is
available by 2 PM MST
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Composite Reflectivity Valid At: =
Derived From Mosaic3D 0643042013 20:00:00 UTC xoz

HRRR forecast from
1900 UTC (noon MST)

model run, which is
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Composite Reflectivity Valid At: =
Derived From Mosaic3D :00:

: HRRR forecast from
1900 UTC (noon MST)
model run, which is

available by 2 PM MST
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Composite Reflectivity Valid At: —
Derived From Mosaic3D l]BI3I]l'2l]13 22:00:00 UTC ‘

HRRR forecast from
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Composite Reflectivity Valid At: =
Derived From Mosaic3D 0643042013 23:00:00 UTC ‘02

HRRR forecast from
1900 UTC (noon MST)

model run, which is
available by 2 PM MST

4-h HRRR forecast for 4 PM
80 m AGL wind speed (kts)
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Composite Reflectivity Valid At: —
Derived From Mosaic3D 0710172013 00:00:00 UTC ‘

R, Observed
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1900 UTC (noon MST)

model run, which is
available by 2 PM MST

5-h HRRR forecast for 5 PM
80 m AGL wind speed (kts)
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¢ RAP/HRRR Implementation Map

ESRL — experimental version NWS-NCEP - operational
e RAPv1 —-usedin 2011

— Initialized 2011 HRRR > . Implemented 1 May 2012
e RAPv2 —usedin 2012-2013

— Initialized 2012-2013 HRRR > o RAPVZ — implemented on

— MYNN PBL, 9-layer LSM

— Hybrid DA, Better surface DA 25 Feb 2014
 HRRR-2013 ;

— Initialized from RAPv2-2013 > HRRR Implementatlon

— 3km/15min radar assimilation scheduled for Sept 2014

— Available 45 min earlier, much HRRR testing on WCOSS with

more accurate 0-15h storm real-time end-to-end runs

forecas)yportant operational storm-scale
application of WRF-ARW model
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¢ RAP/HRRR Implementation Map

ESRL — experimental version NWS-NCEP - operational

* RAPv3 - GSD testing in 2014
— Will initialize 2014 ESRL-HRRR(v2) —_—
— Improved PBL, LSM, cu-parm, DA

* HRRRv2 - GSD testing in 2014
_ Initialized by 2014 RAP (v3) = |mplement early 2015
— Improved radar assimilation, hybrid
assimilation, PBL/cloud physics

* RAPv4 - GSD testing in 2015
— Target: WRFv3.6.1, improved physics Implement 2016
(including aerosol-aware microphysics
from NCAR/Thompson)
— Hourly RAP ensemble data assimilation

Implement early 2015

* HRRRv3 - GSD testingin 2015 —» Implement 2016
— Target: Improved 3km physics +
improved data assimilation
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HRRR Evolution

HPC 2013 Sept 2014 2015
HRRRv2
NCEP HRRB‘” Operational
Operational
WCOSS P - Implementation
Implementation April 20152
HRRR-2014 / HRRR /
NOAA PI:iRmI:\R Backup/ Backup/
JET Y / Development Development
HRRR
HRRR HRRR . .
NOAA .. Limited-Area
ZEUS Backup/ Limited-Area ===p Ensemble

NREL

PEREGRINE

Development

36-48 hr

Extended Runs

1-2x per day

Ensemble Retros

Testing
) 36-48 hr

Extended Runs
2-4x per day?
Model update




¢ RAP and HRRR Update Summary

 RAP/HRRR Model Updates
— Enhanced RUC LSM, ongoing improvements
— MYNN PBL scheme, ongoing enhancements
— Work toward scale-aware physics

 RAP Data Assimilation Updates
— Transitioned to hybrid EnKF-3DVar
— Improved satellite radiance assimilation
— Improved hydrometeor assimilation

* HRRR Data Assimilation Updates
— 3-km pre-forecast cycle with radar DA (reduced spin-up)
— 3-km hybrid assimilation for conventional observations
— 3-km non-variational hydrometeor analysis
— Significantly reduced model latency
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