HRRR/RAP: Physical Processes and Representations
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Surface : TimeSeries 04/16/2012 00:00 - 04/16/2018 00:00 : no diffs UNMATCHED . .

" g —"n O OOOED RAP diurnal 2m temp biases (12h) -
- Curve0: RAP_GSD:Eastern, temperature Bias (Model - Obs) fest_len:12h valid-time:18 avg:30D similar to ECMWEF IFS (60- 72h ) forecasts.
--Curve1: RAP_GSD:Eastern, temperature Bias (Model - Obs) fest_len:12h valid-time:6 avg:30D [t el .

Curve2: RAP_GSD:Eastern, temperature Bias (Model - Obs) fest_len:12h valid-time:0 avg:30D | | | | ° N ’gh t ( 06Z f or US)
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Figure 1: Nighttime (blue) and daytime (red) bias of the ECMWF HRES 2m
temperature forecast in Europe. Lead times are 60 h and 72 h, respectively.

From Thomas Haiden - ECMWF
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CAUSES.- Clouds Above the United States and Errors at the Surface

About What is CAUSES? '?
ny progress:
_ Purpose
Timetable
News The Clouds Above the United States and Errors at the Surface (CAUSES) is a joint GASS-RGCM-ASR moc

intercomparison project with an observationally-based focus, which evaluates the role of clouds, radiation an
Contact precipitation processes in contributin to the surface temperature biases in the region of the central United Sta
These biases are seen in several weather and climate models.
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Physics Development Emphasis:
Sub-Grid Clouds - MYNN PBL

Explicit (Resolved) Clouds/Precipitation

Sub Grid (Unresolved) Cloud<

RAP and HRRR use the Thompson

microphysics scheme with 5 hydrometeor types
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Scale-aware representation-subgrid-scale clouds
Shortwave up at Top Of Atmosphere
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Above figure taken from Field et
al (2013) — 12 UTC 31 Jan 2010.

MYNN turbulence scheme 3
- Joseph Olson, Jaymes Kenyon -
GSD
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Cloud/radiation experiments w/ 3km HRRR - cloud-water path
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CwWP cloud water path

1. Reduce cloud-droplet effective radius for subgrid clouds:
- land: reduce 7.5 -> 5.4 ym, water: reduce 10.5-> 9.6 ym (Miles et al 2000)

2. Remove 5% sat vap pressure (SVP) constraint on q.,,4 for subgrid
clouds (MYNN)



Cloud/radiation experiments w/ 3km HRRR — downward SW rac

D\LL OMAL OWN MA/ 2]
GOES visible m remove limit on . reduce r, for

subgrid clouds

5
\

GOES infrared

AR e S o valid 2000 UTC 19 Feb 2018

§ ’.\. B (L, . 5 .‘._",-_
,.M “'.'.-'_ A s “"‘" -
. .m-gg,.:i. i

< § gr’
" Lz
vt IR il
o v, e s
!5 }%
il Y A
Ry T

Ve
-

combined
cbanges

>
Decreased BT[N |ncreased

[[1]
-200 -160 -120 -80 -40 O 40 80 120 160 200

CwWP cloud water path

1. Reduce cloud-droplet effective radius for subgrid clouds:
- land: reduce 7.5 -> 5.4 ym, water: reduce 10.5-> 9.6 ym (Miles et al 2000)

2. Remove 5% sat vap pressure (SVP) constraint on q.,,4 for subgrid
clouds (MYNN)



Surface GHI (global horizontal irradiance)

Cloud/radiation exp NES:
w/ 13km RAP - R | \7%/ C
1-6 JUIV 2016 . 12-h RMSE
Downward SW rad 5
"N | prote-RAPUS oLl e
1. Reduce cloud-droplet effective | //
radius for subgrid clouds: ; > s
- uls,e(zrg(e)(z;\)n values from Miles et """ Reduced high bias
al. - el
- afternoon Sfc GHI
- land: reduce from 7.5 to 5.4 ym - | | A2:h bias on 3 G
. wre:‘ter: reduce from 10.5 to 9.6 " RAPv4 /
H : | Proto-RAPvV5 | /
2. Remove 5% sat vap pressure =N \/ l
(SVP) constraint on q,,4 for //

subgrid clouds (MYNN P
scheme)

12
Hour of Dav

SURFRAD — 14 stations —
2| NOAA/ESRL/GMD




downward shortwave bias

Real-time experimental 3km HRRR results -

downward shortwave bias

Intro of MYNN cloud-water/radius changes into GSD real-time HRRR

—— HRRR_OPS dswrf bias 13km scale 6h fcst, valid 15-21 Z (3D avg)
— HRRR dswrf bias 13km scale 6h fcst, valid 15-21 Z (3D avg)
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Downward SW biases — July 2016

SW dwn uncoupled FIMhrrr? Exp.20 - CERES July 2016 (glb ave: 177 vs. 178) SW dwn SubX7 - CERES July 2016 (glb ave: 186 vs. 178)
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Downward SW biases — July 2016 — N. America

SW dwn uncoupled FIMhrrr7 Exp.20 - CERES July 2016 (glb ave: 177 vs. 178) SW dwn SubX7 - CERES July 2016 (glb ave: 186 vs. 178)
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S2S testing — initial-only progress with scale-aware SGS clouds.
Better over higher-latitude land and ocean, not over lower 48 US.




Summary

Warm bias in central US in models
* Qt all time scales (climate, medium-range, S2S,

Sub-Grid (Unresolved) Clouds

CAM-short), not just in US, even 3km HRRR NWP model | | A

e Sub-grid-scale (SGS) clouds needed down to ~200m dx

Common development and testing of scale-aware physics
parameterization suite at NOAA/ESRL from storm-scale to S2S

Progress on SGS clouds in MYNN PBL — gc limit removed, droplet radius
 Downward SW radiation bias from ~70 -> 10-20 W/m?2 for 3km HRRR over US
* Subseasonal tests — initial tests — 187->178 W/m? NH (CERES obs — 177)

Ongoing development of HRRR-RAP physics for 3km HRRR, FV3-NWP,

subseasonal tests

* Advanced physics parameterizations swappable thru Common Community
Physics Package interface for NOAA, NCAR, US Navy (NRL) models

Goal: seamless regional/global physics necessary for seamless storm-

scale/ global NWP/S2S modeling

e =>Test on all time scales and resolution including S2S.

See related posters/talk today
Shan Sun- P-A2-12,

Ben Green —P-A2-05.

Kathy Pegion — SubX —1430.




