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NCEP Production Suite Review
4 -5 December 2012

)’ Hourly updated models: ==~
Rapld Refresh / HRRR review

NOAA ESRL GSD Major topics
Assimilation and Modeling Branch Rapid Refresh

Steve Weygandt Curtis Alexander . T
* Initial version implemented May 1, 2012

Stan Benjamin Ming Hu _ _ _
* Real-time version 2 (*V2”) producing

Tanya Smirnova Haidao Lin N )
Patrick Hof Eric ) significant improvement over RAP V1
atrick Hofmann  tric James (better mid-level moisture, convective

John Brown David Dowell boundary layer, and near-surface fields)
G_eorg Gr:ell Joe OIS‘?" e Further enhancements for V2:
Bill Moninger Xue Wel (Hybrid DA from global ensemble DA)
Tracy Smith Brian Jamison
Steve Peckham Kevin Brundage High Resolution Rapid Refresh

NOAA NCEP * Two real-time experimental versions,

(Jet, Zeus) each with > 90% run reliability

* Significant improvement in 2012 compared
to 2011 from RAP v2 enhancements

RLRUISEEUEEEE IR E LM E LIV © Experimental 3-km, 15-min cycled radar DA

& SCIENCE, SERVICE & STEWARDSHIP

Geoff Manikin Geoff Dimego
Becky Cosgrove Xiaoxue Wang




Rapid Refresh and HRRR
NOAA hourly updated models

v

NS RUC - Rapid Refresh (01 may 2012)

— Advanced community codes (ARW and GSI)

— Retain key features from RUC analysis / model system
( hourly cycle -- radar DFI assimilation -- cloud analysis )

— RAP short-range guidance for aviation,
severe weather, energy applications

Rapid Refresh v2

— Many improvements, target
NCEP implement early 2013?

GSD HRRR

— Runs as nest within RAP v2
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¢ RUC to Rapid Refresh transition

e CONUS domain === « North American domain
e RUC Mode| n—) - \\/\RF-ARW Model
e RUC 3dvar ﬁ e GS| — Gridpoint Statistical

Interpolation

e RUC post m——ly - Unlpost
Hourly updated models PG
13km RUC

13km Rapid

Refresh

3km HRRR
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¥ WRF-ARW / GSI enhancements for RAP

e GSD contributions to WRF-ARW

— Grell 3-D cumulus scheme

— RUC (Smirnova) Land Surface Model
— Diabatic Digital Filter (with NCAR)

— DFI-radar reflectivity assimilation

e GSD contributions to GSI

— Non-variational cloud analysis
— Ingest for cloud / hydrometeor fields / obs
— Enhancements to surface obs assimilation

NCEP Production Suite Review < Rapid Refresh / HRRR e« 4-5 December 2012 4



¢ RUC 2> RAP / HRRR configuration

Community-based advanced model and analysis

- WRF-ARW: advanced numerics, non-hydrostatic
- GSI: advanced satellite data assimilation

Model | Run at: | Domain G.nd G”.d Vertical Pressure Bour!d'ary Initialized
Points | Spacing | Levels Top Conditions
451 x Sigma/ Hourly
RUC | GSD |CONUS 13-km 50 . NAM
337 Isentropic (cycle)
NCO | North | 758 x Hourly
RAP
GSD |America| 567 13 km >0 10mb GFS (Part. cycle)
HRRR| Gsp |conus| /22X | 3km 50 20 mb rap |Mtourly-RAP
1059 (no-cycle)
Model | Assimilation CIOUd. Radar Radiation | Microphysics | Cum Param | PBL LSM
Analysis | DFlI
RUC |RUC-3DVAR | Yes | Yes | RRTM/ | Thompson \o \ heven iTiL(J)rrI;_s RUC
Dudhia (2003) VIR 2003
RRTM/ RUC
RAP | GSI-3DVAR Yes Yes Goddard Thompson |[G3 + Shallow| MYJ 2010
None: RRTM/ RUC
HRRR RAP |.C No No budhia Thompson None MY)J 2010




Rapid Refresh

Rawinsonde (T,V,RH)
Hourly Update Cycle
Partial cycle atmospheric fields — | Profiler=NOAA Network (V) 21
Introduce GFS information 2x/day Profiler — 915 MHz (V, Tv) 25
Fully cycle all land-sfc fields AERER= WAD () 125
Radar reflectivity - CONUS 2km
- - - Lightning (proxy reflectivity) NLDN, GLD360
1-hr 1-hr \ Aircraft (V,T) 2-15K
fcst fcst Aircraft - WVSS (RH) 0-800
Back- Surface/METAR )
(T,Td,V,ps,cloud, vis, wx) AU LY
Buoys/ships (V, ps) 200-400
Mesonet (T, Td, V, ps) flagged
GOES AMVs (V) 2000- 4000
AMSU/HIRS/MHS radiances Used
GOES cloud-top pressure/temp 13km
Time GPS — Precipitable water

11 12 13 (UTC) WindSat scatterometer 2-10K



¢ RAP error reduction to 1-h forecast

Rapid Refresh
Wind forecast

200

accuracy vs. 38
_C"ﬂ'

forecast length =
58
N

@
1 Jan - 5_
7/ Mar 2012 S

- Verification against
raobs

1000

m/s

The Rapid Refresh is able to use recent obs to
Improve forecast skill down to 1-h projection
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pressure (hPa, matched)
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+ 3h forecast
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¢ Radar reflectivity assimilation

Digital filter-based reflectivity assimilation
initializes ongoing precipitation regions

-20 min -10 min Initial +10 min + 20 min
[ ] I [ ]
|

Backwards integration,
= Nno physics

Forward integration,full
physics with radar-based

latent heating | Initial fields with improved
I balance, storm-scale circulation

—

RUC / RAP HRRR model forecast
+ RUC/RAP Convection suppression

NCEP Production Suite Review e« Rapid Refresh / HRRR e« 4-5December 2012 ¢



Rapid Refresh (GSI + ARW)
reflectivity assimilation example

NSSL radar Low-level Upper-level
reflectivity (dBZ2) Convergence Divergence
’ \ «*if |
""" - 1
8
6
4
e 2
0
— 2
[ { —.4
el ~.6
i s -8
=S 4 —1
. —1.4
A 18
F A

14z 22 Oct 2008 K=4 U-comp. diff K=17 U-comp. diff
Z=3km (radar - norad) (radar - norad)



¢

Cloud and hydrometeor analysis

Adjust cycled explicit cloud fields using

METAR and satellite data

: Satellite CTP

Radar

NCEP Production Suite Review

3 \NO clouds

e Rapid Refresh / HRRR

Cloud designation
from observations

YES clouds

Hydrometeor
designation
from radar

30

30

20

10

° FBackground Qc+Qi

8

- 12 UTC 4 March 200

_ Analyzed
- Qet+Qi
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RAP vs. RUC
Precipitation
Verification

13-km CONUS

Comparison

2 X 12 hr fest
vs. CPC 24-h analysis

1 May — 15 July 2011
Matched

SPRING/
SUMMER

= CSlfor RR_13km, CONUS rgn. 2 12hr fest totals, valid 12z, 2011-05-01 thru 2011-07-
— CSlfor RUC_13km, CONUS rgn, 2 12hr fost totals, valid 12z, 2011-05-01 thru 2011-07

CSl (x100, matched)

55

NN

NN & RAT
NN
2 AN
TRUC =2

5

0.01 0.10 0.25 0.50 1.00 1.50 2.00 3.00 in.

= Bias for RE_13km, CONUS rgn, 2 12hr fcst totals, valid 12z, 2011-05-01 thru 2011~
— Bias for RUC_13km, CONUS rgn, 2 12hr fcst totals, valid 12z, 2011-05-01 thru 201°

Bias (x100, matched)

(x 100)

d
2 DA D /
- A / -
g I-'\é_, — bhilas
. -
T RUC =>
= \

0.01 0.10 0.25 0.50 1.00 1.50 2.00 3.00 in.



RAP 2x12hf
VS. X 12h Test
ending 12z
RUE 21 June 2011
24-
P reci P. Interpolated
verif to 20-km grid

CPC
| 24-h

001 010 025 050 1.00 150 200 3.00 4.00 precip
—

Thrs CSI Bias | “. Thrs csI Bias
1.00 .31 0.69 ' 1.00 .45 1.22
2.00 .21 0.58 . 2.00 .29 1.95




o R RN
RAP " N observed

2 x 12h fest - e Ny
VS. ending 12z = gy | d; 7 &
RUC 21 June 2011
24-h 0 | oie
P reci P. Inter[I)(olate:ij -
: to 20-km gri
verif | |
- —
CPC
24-h
precip _
1" threshold 3,' l'
= LA 1

1 i T=

o
Thrs CSI Bias Thrs CSI Bias M
1.00 .31 0.69 ' 1.00 .45 1.22

2.00 .21 0.58 e 2.00 .29 1.95



{RAP vs. RUC 0-hour water vapor histograms

Frequency

NCEP Production Suite Review

48 RR->HRRR - RUC->HRRR runs at model level 0

CONUS 11-22 August 2011

Surface

4.010° E
3.5107 E
3.0<10" E
2.5-10" E

2.0<107 —

15107 —
1.010" —

0.5<10" —

RUC

higher

[

RAP

higher

0.0 <10’

I

Hﬁ |

I

-10 -8 6 -4 2 0 2 4 6 8 10
Water Vapor Mixing Ratio (g kg'1)

Frequency

48 RR->HRRR - RUC->HRRR runs at model level 10

~800 mb

4.010°
3.5:10" —
3.010" —
25107 —
2.0:107 —
15107 —
1.0:10" —

0.5<10" —

RUC

higher

=

RAP

higherf

0.0<107

e Rapid Refresh / HRRR

e

10 -8 6 -4 2 0 2 4 6 8 10
Water Vapor Mixing Ratio (g kg™)

e 4-5 December 2012
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Temp. dependent RAP soil adjustment from

hydrometeor rface ob
specification SolrEles el
rF;ggﬁr NOcloude 1 YES clouds 6h RAP fcst dewpoint bias
Specify YES HM . Eastern US (Fcst - obs)
o . :
i
hydro- * A ’Ir ]l
meteors ~ ﬁ'\ JI/ 1'\ Nn"[ ]'.
_ i
WARM *
(Tsfc > 5C) °
o
+
. . <
Soil adJUSt (T soil Q SOiI) c-i:- Moist
Q5o applied if: o Bias
-- T'(k=1) q’(k=1) opp. sign °
-- Daytime, No clouds < D_ry
-- Proportional to q’(k=1) < i I Blas
Assume — B_owen ratio error 14 16 17
from soil Q" error High afternoon NO soil adjust

Apply top 2 LSM levels dewpoint bias  WITH soil adjust



Assimilate Surface dewpoint

pseudo-observations

- Create moisture pseudo-observations

through depth of mixed BL

\

RN DA

PBL-based sfc.

assim. =» better
/ 4 / retention of sfc.
1 obs in model
/] \{'
Y l Y 1{
10 195 20 10 195 20
! RUC CYC=1& fp RUC CYC=18& |

Greater retention of surface dewpoint information




Improved cloud analysis by assuming
conservation of virtual potential temperature

300

P (hPa)

400

500

700

850

| T | T
0 10 20 30 40

1000 Temperature (C) 1000 | 0 1I0 20 SIO 4I0
L Before DA - Temperature (C) efore DA
After DA After DA
NOT conserving 6, conserving 0,

- Reduced over-moistening, excessive CAPE



RAP version 2 Changes

Data Assimilation Model

GFS ensemble background | WRFv3.4.1+ incl. physics changes
error covariance (convection, snow-radiation fix)

Merge with recent GSI trunk

Numerics changes
6th-order diffusion near surface
Sth-order vertical advection

Sfc. obs-based soil adjust w-damp upper bound conditions

Sfc. moisture pseudo-obs

Temp. dependent radar

Physics changes
RAP hydrometeor building MYNN PBL
( 3 Cloud ass.lmllatlon mods 9-layer RUC LSM (from 6-layer)
km) Conserve virtual pot. temp. MODIS land-use (fractional)

Cloud fraction assimilation Modified roughness length

Full column cloud building
Revised Thompson cloud microphysics

Radiance bias correction RRTMG shortwave/longwave radiation
Improved low-level thermal Revised Thompson cloud microphysics

stability (sharper inversions via
reduced obs error)

GLD 360 lightning data




pressure (hPa, matched)
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RAP hybrid DA using global ensemble
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h? Enhancements to RUC LSM for Rapid Refrsh

1. Seasonal variations of cropland roughness length
2. 9-layer soil model (from 6-layer)
3. New MODIS fractional land-use
4. Seasonal variations of Leaf Area Index

NEW MODIS ™
20 categories




RAP-vZ2 vs. RAP-v1 relative humidity bias
+0 hr fcst (analysis fit)

\ o e

5 ///>'N ——

£ = T R .~ _ RAP

%RAPQE(Z RAP 3 \s\kk/ Vil

V2 vl \}2

o j .% §/\ K

g ! % | | | (|/ | |
DRY | * MOIST DRY I *MOIST

valid 12z valid 00z

At 00z -- RAP-v2 drier at mid-levels,
more moist at low-levels than RAP-v1



RAP-vZ2 vs. RAP-v1 relative humidity bias

(hPa, matched)

pressure

1000

+1 hr forecast

P —
RAP L gap — 0y .~ RAP
S V2 k k Val 3 VZ\\ k vl
)y “ &
L S \/
et : — | e
[ k/I [ [ [ [ [ [ [ % T T | T /|/ T T
DRY | * MOIST DRY | *MOIST
valid 12z valid 00z

At 00z -- RAP-v2 drier at mid-levels,
more moist at low-levels than RAP-v1



RAP Precipitation Verification

Eastern US, 8X3hr Forecasts vs. 24h CPC
11-21 August 2011

CSI 13 km Bias 13km
. =) /
ol 5o /
5 S g8 RAP — 7/ pap
EnL£ - RAP ¢ V1 / V2
B o V2 = X8
g N @ /
B AP —~—— -
i vVl N - Bias = 1.0
.

I I I I I I | | I I I I I I
0.01 0.10 0.25 050 1.00 150 2.00 0.01 0.10 0.25 0.50 1.00 1.50 2.00

Threshold (inches) Threshold (inches)

RAP version 2 has similar CSI, much improved bias



200

%% Temp
fel N\ RAP
- AN vl
i3] RAP S
_ V2 \\
% | [ [ [ ﬁw

RAP-v2 vs. RAP-v1
upper-air verification

+ 3h forecast
RMS Error

1 May 2012 — 31 Aug 2012

Rel Humthﬁ

{
RAP N )
v2 _
= RAP
// vl
|/ I I I I
¥ RAP ——
fgg V2 /;"/// - _
£ pr Wind
L8 A/
\\ RAP
58S = vl



June 5, 2012: Montana Supercells
(courtesy Israel Jirak, Steve Weiss, SPC)

e Severe storms including a long-lived supercell moving
northward across central Montana

— 4 tornado reports, hail up to 2" diameter, and wind gusts to 90 mph

SPC S - e

rm Report

ap updated at 13432 or

TORNADO REPORTS.. ()
WIHD REPORTSAL..... (40/1)
HAIL REPORTSAG..... {32/2)

V TOTAL REPORTS....... (76)

tional Weather Service
Hnrm ?’r’ﬁ inﬁ'tl-lnh Ehter Marman Mklaknr

Choteau County MT (from KRTV, Great Falls)



June 5, 2012: MT Supercell
sfcOA 2-m Dewpoint Valid 212
(courtesy Israel Jirak, Steve Welss SPC)




June 5, 2012: MT Supercell
sfcOA 2-m Dewpoint Valid 212
(courtesy Israel Jirak, Steve Welss SPC)




June 5, 2012: MT Supercell
sfcOA 2-m Dewpoint Valid 212
(courtesy Israel Jirak, Steve Welss SPC)




June 5, 2012: MT Supercell
sfcOA 2-m Dewpoint Valid 212




June 5, 2012: MT upercell
1-hr forecast SBCAPE Valid 00Z 6 June

RAP RAPVZ

1000 1500 2000 2500 3000 3500 SPC S brm H

_[”"F' U ated

RAP-v2 instability
forecasts better
than RAP




June 5, 2012: MT Supercell
O-hr fcst sfc. Dewpoint & Soundings Valid 212

‘ A" 0-h (anx)
valid 21z

300

P (hPa)

400

200

700

RAPv1 - RAPv2 dewpoint (deg F) .,

* RAP “v1" Central MT dewpoints:ooo
>15 F drier than RAP “v2” 40
Temperature (F)

* RAP “v1” drier than RAP “v2” RAP-v1 RAP-v2

60 100

from surface up to ~300 mb, much
drier boundary layer near LWT Skew-t near 47.2N, 108.7W (ene LWT)

Solid lines: RAPv2 Dashed lines: RAP



June 5, 2012: MT Supercell
1 hr fcst sfc Dewpomt & Soundmgs Valid 222

+1 h fcst
Y valid 22z

200

RAPv1 - RAPv2 dewpoint (deg F) .,

* RAP “v1" Central MT dewpoints:ooo
>15 F drier than RAP “v2”

40 60
Temperature (F)

e RAP “v1’ drier than RAP “v2”
from surface up to ~300 mb, much RAP-v1 RAP-v2
drier boundary layer near LWT Skew-t near 47.2N, 108.7W (ene LWT)

Solid lines: RAPv2 Dashed lines: RAP



g RAP Summary and Plans

« RAP “v1” implemented at NCEP 1 May 2012

 Improved RAP “v2” —real-time runs Jet/Zeus

— Updated trunk versions of WRF-ARW and GSI
— ARW model enhancements (LSM, PBL, microphys, radiation)

— Improved assimilation for moisture (PBL / soil / radar)
— Use of GFS ensemble background error covariance

e Continued work /inclusion in next implement
— Refinements to use of GFS ensemble information
— Refinements to satellite radiance assimilation

NCEP Production Suite Review ¢ Rapid Refresh / HRRR e« 4-5 December 2012 34



¢ Hourly Updated NWP Models

13km Rapid

Refresh (RAP)
(mesoscale)

Replaced RUC

at NCEP 05/01/12
WRF, GSI, RUC features

50°N

— 40°N

13km RUC X : ik,
(mesoscale) (| RN T Kk 300N

— 20°N

— 10°N

High-Resolution
Rapid Refresh

Experimental 3km
nest inside RAP,
hourly 15-h fcst

NCEP Production Suite Review ¢ Rapid Refresh / HRRR e« 4-5 December 2012 35
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& HRRR Forecast Behavior

2011 2012 Targets

(1) High bias in convection (1) Lower peak bias in

over eastern US convection over eastern US
RAP/HRRR

(2) False alarms Model (2) Fewer false alarms
Development

(3) Lead in convective and (3) Improved timing of
Evaluation S

initiation (ear|y AM runs) convective Initiation

(4) Difficulty maintaining (4) More success maintaining

mesoscale convective systems mesoscale convective systems

(5) Reflectivity biases in snow (5) More realistic reflectivity

and convective storms

NCEP Production Suite Review ¢ Rapid Refresh / HRRR e« 4-5 December 2012 3g



¢ RAP and HRRR Changes 2011-2012

Model

Data Assimilation

Red =
Changes
in current
RAP/HRRR
effective
before

09 March
2012

WRFv3.3.1+
Numerics changes:
(w-damp upper bound conditions,

GSI merge with trunk
Soil adjustment
Temp-dep radar-

RAP- Sth-order vertical advection) hydrometeor building
ESRL Physics changes: PW assim mods
(13 km) (microphysics, land-surface, PBL) Cloud assim mods
MODIS land use, fractional Tower/nacelle/sodar
30> 05 min shortwave radiation observations
New reflectivity diagnostic GLD360 lightning
WRFv3.3.1+
Numerics changes:
(w-damp upper bound conditions,
HRRR Sth-.order vertical advection)
(3 km) Physics changes:

(microphysics, land-surface, PBL)
MODIS land use, fractional
30— 05 min shortwave radiation
New reflectivity diagnostic

NCEP Production Suite Review < Rapid Refresh / HRRR

e 4-5 December 2012 37




§

RAP and HRRR Config 2011

Model | Run at: | Domain G'."d G”FI Vertical Pressure Boun.d.ary Initialized
Points | Spacing | Levels Top Conditions
GSD North | 758 x Hourly
’ 1 1
RAP NCO |America| 567 Sl >0 Yl GFS (cycled)
HRRR | GsD |conus | 222X | 3m 50 20 mb rap  |Mfourly-RAP
1059 (no-cycle)
. . ... _|Radar .. . .
Model| Version [Assimilation D Radiation | Microphysics | Cum Param | PBL | LSM
RAP WRF-ARW GSI-3DVAR | Yes A Eee Thompson |G3 + Shallow| MYJ | RUC
v3.2.1+ dard
WRF-ARW None: RRTM/
HRRR V3.2 1+ RAP I.C. No Dudhia Thompson None MYJ | RUC
Horiz/Vert Scalar |Upper-Level |SW Radiation MP Tend |_.
Model . . . L - Time-
ode Advection |Advection| Damping Update and Use Limit ime-Step
RAP | 5t/3¢  |Monotonic D'g‘gsz"’e 30 min USGS | 0.01K/s | 60s
. | Diffusive :
HRRR 5th/3rd Monotonic 0.02 30 min USGS 0.10K/s | 18-23s

NCEP Production Suite Review ¢ Rapid Refresh / HRRR e« 4-5 December 2012 3g



RAP and HRRR Config 2012

Model | Run at: | Domain G'."d G”FI Vertical Pressure Boun.d.ary Initialized
Points | Spacing | Levels Top Conditions
GSD North | 758 x Hourly
’ 1 1
RAP NCO |America| 567 Sl >0 Yl GFS (cycled)
HRRR | GsD |conus | 222X | 3m 50 20 mb rap  |Mfourly-RAP
1059 (no-cycle)
. . ... _|Radar .. . .
Model| Version [Assimilation D Radiation | Microphysics | Cum Param | PBL | LSM
RAP WRE-ARW GSI-3DVAR | Yes A Eee Thompson |G3 + Shallow| MYJ | RUC
v3.3.1+ dard
WRF-ARW None: RRTM/Dud
HRRR V3.3.14 RAP I.C. No hia Thompson None MYJ | RUC
Horiz/Vert Scalar |Upper-Level |SW Radiation MP Tend |_.
Model . . . L - Time-
ode Advection |Advection| Damping Update and Use Limit ime-Step
Positive- | w-Rayleigh . MODIS
th /5 th
RAP s Definite 0.2 10 min Fractional IDALEGs 60
Positive- | w-Rayleigh : MODIS
th /G th _
HRRR >/ Definite 0.2 2ully Fractional 073 AU

NCEP Production Suite Review ¢ Rapid Refresh / HRRR e« 4-5 December 2012 3q



NCEP Production Suite Review

HRRR June Retro Verification

Reflectivity Eastern US
160 Runs 29 May — 12 June 2011
Reflectivity 2 30 dBZ

HRRR 2011
HRRR 2012

30
—

CSI (x100, matched)

40 km CSI
\
RFAN
|
0.0 w0 80 120

' Forecast Length (Hr)

AN

/[ 03 km BIAS

160 200

Bias (x100, matched)
120

40
N

S
o

! | ! | |
4.0 8.0 12.0

Forecast Length (Hr)

Reduced high bias in first 6 hrs and improved CSI

e Rapid Refresh / HRRR

e 4-5 December 2012 4



HRRR Retro Case Studies

L8

HRRR 5hr fcst
2012 Version

21z 01 June 2011

HRRR 5hr fcst

Observations

2011 Real-Time

15 20 25 30 35 40

10

0 5

Composite Reflectivity (dBZ)

Large reduction in false alarm (excessive) convection

Improved structure to broken convective line

e 4-5 December 2012 4

e Rapid Refresh / HRRR

NCEP Production Suite Review



HRRR 10hr fcst
2012 Version

Observations

HRRR Retro Case Studies
HRRR 10hr fcst 18z 07 June 2011

2011 Real-Time

75

70

T
55 60 65

45 50

15 20 25 30 35 40

10

E)
Ly
BNy

4.“ !

0 5

e 4-5 December 2012 4>

e Rapid Refresh / HRRR

Composite Reflectivity (dBZ)
Improved mesoscale convective system (MCS) maintenance

NCEP Production Suite Review




§ HRRR Retro Case Studies

HRRR 8hr fcst 00z 31 May 2011 HRRR 8hr fcst
2011 Real-Time Observations 2012 Version

i
o} Tk

_ :
P v
[ T ‘ : [ [ ]

G 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75
Composite Reflectivity (dBZ)

Reduction in false alarm convective initiation

Retro Assessment e High-Resolution Rapid Refresh e 21 June 2012 43



& HRRR Derecho Forecast

Reflectivity Observations HRRR 15 UTC 29 June 2012

Valid At:
Derived From Mosaic3D 0642972012 15:00:00 UTC =

HRRR 06/29/2012 {15:00) 00:00 hr fest - Experimental Valid 06/29/2012 15:00 UTC
Composite Reflectivity (d

.:#
L
A

)
)
HA
T
{2
T
J”A;,#J

X
5
o

7
(A

e

X
7
H

I

R

]

B ‘- '-." ".
.3‘0 .jﬁ _2‘[1 _1‘5 h 3"' 6 Reﬂec‘w'ty [dBZl 47 00N l"" L"".I-)‘-l:’_‘-n{‘!. o

NoFile Missing [OMENEE e mmmmmm 000 o stoow[lll esvew 10 15 20 25 30 35 40 45 50 55 60 65 70 75

0 5 10 15 20 25 30 35 40 45 50 55 BO 65 70 75 35.00N
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¢ HRRR Real-Time Case Studies

HRRR 6h forecast -21z 29 June | Radar Observed - 21z 29 June 2012
Composite Reflectivity (dBZ2)

_ .-.-..-
h=g8r
e
A q=

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75
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¢ HRRR Real-Time Case Studies

HRRR 9h forecast -00z 30 June | Radar Observed - 21z 29 June 2012
Composite Reflectivity (dBZ2)

Composite Reflectivity (dB2)
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¢ HRRR Real-Time Case Studies

HRRR 12h forecast -03z 30 June Radar Observed - 03z 30 June 2012
Composite Reflectivity (dB2) J
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HRRR Real-Time Case Studies

HRRR 12h forecast -03z 30 Jun | Radar Observed - 03z 30 June 2012
max 10m wind speed (kts)
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¢“Verification of RAP-ESRL vs HRRR

Cold Season (29 Jan 2012 - 31 Mar 2012)
HRRR vs RAP
Lead Precip Reflectivity .
Time Clouds (13 km) (40 km) Upper-Air Surface
ceiling] Y |>0.1(>1.0
< 500 ft :n(i)I.eS inch | inch 25dBZ|35dBZ | Temp | RH (Wind|Temp |Dewpt|Wind
3-hr | HRRR | HRRR Equal | HRRR | HRRR |Equal| RAP [HRRR| RAP |HRRR
6-hr | HRRR | HRRR |Equal| RAP | HRRR | HRRR | HRRR [Equal| RAP [HRRR|Equal |HRRR
12-hr| HRRR | HRRR HRRR | HRRR | HRRR | RAP | RAP |[HRRR|HRRR |HRRR
Warm Season (01 May 2012 - 31 Aug 2012)
HRRR vs RAP
Lead Precip Reflectivity .
Time Clouds (13 km) (40 km) Upper-Air Surface
ceiling] VS |>0.1(>1.0
< 500 ft :n(ill.es inch | inch 25dBZ|35dBZ | Temp | RH |Wind|Temp|Dewpt|Wind
3-hr | HRRR | HRRR HRRR | HRRR | HRRR | RAP | RAP |Equal| RAP |Equal
6-hr | HRRR | Equal |Equal| RAP | HRRR | HRRR | HRRR | RAP | RAP (Equal| Equal |Equal
12-hr| HRRR RAP HRRR | HRRR | HRRR | RAP | RAP [HRRR| Equal |Equal
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3 RAP and HRRR Changes 2013

Model Data Assimilation

WRFv3.4.1+ incl. physics changes Merge with GFS trunk
(convection, snow-radiation fix)

Numerics changes: GFS ensemble background error cov
6th-order diffusion near surface Cloud fracti S
RAP-ESRL | Physics changes: oudiraction assimiiation

(13 km) MYNN PBL scheme Full column cloud building

9-layer RUC LSM (from 6-layer) Radiance bias correction

Modified roughness length

RRTMG short/longwave radiation | Reduced observation error
Thompson microphysics update | (sharper inversions, low-level thermo)

WRFv3.4.1+ incl. physics changes 3 km/15 min reflect assimilation
(convection, snow-radiation fix) | 3 km cloud cycling

Numerics changes: 3 km land-surface cycling
6th-order diffusion near surface

HRRR Physics changes:

(B km) MYNN PBL scheme

9-layer RUC LSM (from 6-layer)

Modified roughness length

RRTMG short/longwave radiation

Thompson microphysics update




¢ Hourly HRRR Initialization from RAP

13 km RAP

GSI
3D-VAR

Cloud
ANX

Di_gital 18 hr fcst B Di_gital 18 hr fcst B Di_gital
Filter Filter Filter

3 km
HRRR 3-km 15 hr fest 3-Km 15 hr fest 3-km
Interp Interp Interp




¢ Experiment #1: Cycled Refl at 3 km

13 km RAP |-}

GSI
3D-VAR

Cloud
JAN )¢

Di_gital 18 hr fest Di_gital 18 hr fest
Filter Filter

3-km

1 hr pre-fcst 15 hr fcst
Interp

3-km
Refl Obs Interp




§ HRRR Reflectivity Verification

14-day retrospective period June 2011 (160 runs)
Forecasts every 2 hours
> 25 dBZ Composite Reflectivity
Eastern half of US

e T A
I With3-knframp radar DA 81 / _— 9= _
,-?-;m \ Without{3-km radar DA 3 : a4 !
L
sei | i el S/ |
E i \ i £ o —
SN f\ : Upscaled to ‘88 Bla:S =10
%8 | Aokmgrid X 1/ I |
= ! oo / I Native
Oo e 1/ | 3-km grid
i —= ® ¥ |
N I 3 } i
0.0 4.0 8.0 12.0 0.0 4.0 8.0 12.0
Forecast Length (Hr) Forecast Length (Hr)

Greatly improved CSI and BIAS between O-1 fcst hr
Benefit persists until 4 hrs, similar skill after
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| Obs s o e
0000 UTC ‘ A0y | O-hfcst
11 June L] @/=4%  without 3-km -
2011 [ ! ' - radar DA
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Benefit from pre-forecast 3-km model integration



| Obs o avanen orc g o
- 0100 UTC ' it My | 1-h fcst
2011 SnF R - radar DA {13
4 [
e TTT1P
" 1-hfest T pi - 1-hfest T TR
- with 3-km AR | | with 3-km TEofRe:
. radar DA gl - - radar DA -
_ (fixed S|P . (ram ol
1L Al W—P\)I [
| ] 7 [
T 1T PP - [ TT11®

Convective systems more mature even by 1-hr



¥ HRRR Real-Time Exper Products

Radar Scale at which
Background | Specification of | Latent Heating | Dimensionality Updated
Hydrometeors is applied
2012 HRRR
model 13-km RAP No 13-km 3-D Hourly
initialization
2013 HRRR S G?a'::'c')‘
model 13-km RAP No pin-tp 3-D Hourly
initialization using 13km
radar-LH-DFI)
Rapidly
Updating 3-km HRRR
Analysis 1 hr fest ves None 3D AIEIT]
(RUA-HRRR)
Real-Time Hourl
Meso 3-km HRRR None y
: No 2-D (15 min
Analysis 1 hr fest lanned)
(RTMA-HRRR) P
Lhme-bere el - 2Ham bR No Same as HRRR 2-D Hourly

HRRR (HCPF) Fcsts
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¥R

Y

1-hr HRRR Fcst
(Background)
Valid 19 UTC
30 Nov 2012

HRRR-DEY1 11/30/2012 {(18:00} 1h fcst - Experimental

Analysis
Increments .
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¢ ~3-km HRRR RUA

Rapidly Specifies
Updati e ey i Hydrometeors
Ana|ysis T From Radar

(RUA) 4 z <] Observations
-
VL, k _.A‘%?f
— '.-TT‘-I‘I':IT 3 i A W e — 1;@‘1;:
T D (17 meg}
U o . iy
B 8% g
g - S0
' Y (o X
5 A e L
uvji-..e,m (g
=T SR ar e R
g MO =iV are Py -
AN R
t 1-hr HRRR Forecast (Background) O-hr HRRR Analysis (RUA)
i Valid 22 UTC Valid 22 UTC

03 November 2012 03 November 2012
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¢ Time-Lagged (TL) Ensemble

Forecasts valid 21-22z 27 April 2011 Forecasts valid 22-23z 27 April 2011

- 4 > - .
A, 1
=T (._..3 > -, -T-" = {

—/ Spatial radius 45 km
Time radius 1 hr

. UH threshold 25 m?/s?
probabilities valid /__-—zg9.~ . [ I
227 27 April 2011/ 2 oo e @

All six forecasts
combined to form




© 22 May 2011

TL Example

¢

1300z SPC Tornado Probability

13z + 11hr fcst
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¥ TL Example: 22 May 2011

13z + 11hr fcst
Valid OOz 23 May 2011 oy 652)

E

_1 L_— —F—\J

1 | 4 §| Observed
Reflectivity
00z 23 May

Reflectivity [dBZ]

3 40 45 50 55 B0 85 70

_‘ 22 May 2011 Storm Reports

0 2
|
0

AMS 26t SLS Conf

IE— Tornadic Storm Probablllty (%) | Layd..
| \ \ | \ \ \ | -:-j Lt
Reflectivity (dBZ) Tornado = RedDots
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& HRRR Reliability

HRRR 12 hr fcst availability

Includes all missed/incomplete runs
100% -

95% |

90%
85%
80% |
75% |
70%
65%
60% |
55% |
50% '

Q9°9°9‘°99°°°{,°°°° .:nbc A o 8 8 T Y 8
f FEFFEEFST I eﬁo& e“ o"f'r f S e“‘o"‘e“ o»"f'r s’ﬂy S EEY IS
- CoSPA Evaluat|0n Pe”OdS = 3 month running average

Bl Development and Upgrade Periods
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& HRRR Reliability

HRRR 12 hr fcst availability

Excludes three (or fewer) consecutive missed/incomplete runs
100%

95%
920%
85%
80% |
75% |
70% |
65%
60% |
55% |

Q9°9‘°9°99°°°‘,°°°° Mb.b.b..:*»..r»'s O, www{www,&,&ww

f I 6"'3,@@“9“9@“ e“‘o"'e“o’v N 4& Sy crf"‘fo"':\"‘o""r s’ﬂy&’v’@ ¥ P %
- COSPA Evaluat|0n Pe”OdS = 3 month running average
Bl Development and Upgrade Periods
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& HRRR Reliability

HRRR 12 hr fcst availability
Includes all missed/incomplete runs

100%
95% -
90% |
85%
80% -
75%
70% -
65% -
60%
55% |
50% : :
é'.,:v {.;»
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Bl Jet (HRRR primary)

NCEP Production Suite Review
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NCEP Production Suite Review

HRRR Transition to NCEP

Current — 1 computer running HRRR
— NOAA/ESRL — Boulder
— Current reliability: 97% for last 12h months
(allowing up to 3h gaps)
2013-14 - 2 computers running HRRR - interim solution
— Boulder — computer 1
— Fairmont, WV — computer 2

— Expected reliability to increase further to 98.5-99% via
coordination of downtimes for Boulder vs. Fairmont computers

Est. 2015 — NCEP running HRRR

— NOAA/NCEP computing budget — will allow no increase before
2015

Conclusion: Interim HRRR computing for 2012-14 on 2
sites to provide “real-time experimental” HRRR from
NOAA for NWS, FAA, DOE/energy users
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§ Summary and Plans
e Moist bias reduced in 2012 RAP and HRRR

— Reduced false alarms, lower precipitation bias
— GSI enhancements and WRF upgrade to v3.3.1
— Reflectivity diagnostic consistent with microphysics

e Science: Focus on 3-km assimilation for 2013
— 3-km variational analysis
— 3-km non-variational cloud analysis
— 3-km radar reflectivity data assimilation

 Technical: Reduced latency for 2013 (2-3 hrs now)
— Approximate 1-hr reduction in execution time (1-2 hrs)
— Faster post-processing with parallelization
— Direct GRIB2 generation

NCEP Production Suite Review ¢ Rapid Refresh / HRRR e« 4-5 December 2012 ¢g



& FIM Model Development — testing — nttp://fim.noaa.gov

FIM — Flow-following finite

IHYCOM — Icosahedral Hybrid

volume lcosahedral Model

“soccer-ball” grid design for uniform grid
spacing

Isentropic/sigma hybrid vertical coordinat
New 7-14-day forecast twice daily L,
— 15km, 30km, 60km
— Grids to NCEP for evaluation

Real-time experimental at ESRL

Coordinate Ocean Model

Matched grid design to FIM for coupled ocean-
atmosphere prediction system

Experimental testing at ESRL, Navy development N 1
Testing of coupled FIM/iHYCOM - toward __

experimental NMME contribution |HYCOM
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Evolution of hourly updated NOAA modeling

A

* May 2012 — Rapid Refresh operational at NCEP
* June 2013 — Rapid Refresh v2 —
» PBL/soil/radar assimilation enhancements
Improved sfc forecasts, lower moist bias
* hybrid assimilation
* model — MODIS, cloud/PBL/numerical
Improvements, updated WRF
«2013-15 - HRRR @ESRL improves, add
Fairmont HRRR to reach 99%
e 3km/15min radar assimilation
» 20157 — High-Resolution Rapid Refresh
operational at NCEP for CONUS

N. American Rapid Refresh Ensemble

 Later 2015 — Ensemble Rapid Refresh —
NARRE w/ hybrid assimilation
* NEMS-based NMM, ARW cores « 2016 — Add operational Alaska HRRR

« Hourly updating with GSI-hybrid EnKF « 20187 — CONUS Ensemble HRRR —

« Initially 6 members, 3 each core, physics HRRRE
diversity (RAP, NAM, NCAR suites)

» Forecasts to 24-h

* NMM to 84-h 4x per day
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