Streakiness and Snow-Induced
Cold Anomalies: Some Physics
Challenges in WRF

Cliff Mass and David Ovens
Department of Atmospheric Sciences

University of Washington

WRF Workshop: June 2011



Moving to Higher Resolution: Some
Physics Issues Get Worse

e The UW real-time prediction system has been
running domains at 36-12-4 km and now 1.3

. ° UW WRF-GFS 1.33km Domain Init: 12 UTC Wed 68 Jun 11
Fest: 3600 h Valid: G0 UTC Fri 10 Jun 11 (17 PDT Thu 09 Jun 11 )
° 2m Temperature (°F) —————— 10m Wind {full barb = 10kis)
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BARE VECTURS: FULL BARB = 10 kis

18 24 32 40 46 58 64 T2 at BB a8 °F

Model Info: ¥V3.1.1  No Cu YSU PBL Thompson Ther—Diff 1.3 km, 37 levels, 8 sec
L¥: ERTM 8W: Dudhia DIFF: simple EM: 2D Smagor



Moving to 4/3 km, one immediate
issue was the loss of every 20 runs
or so due to CFL errors on the
higher volcanic peaks




Jimy Dudhia Suggests Changing epssm to .2
(related to damping of vertically propagating
sound waves)—it worked.
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Wavelike Streakiness Over the
Oceans and Coastal Zone

* |t was subtle at 4km, but really
apparent at 1.3 km

 Worse under less stable, post-frontal
conditions.

 More apparent over the water.

e Less apparent over land, particularly
In terrain.



std 1.33km Domain Init: 12 UTC Sat QY Nov 09

Foat: 2.00 h Valid: 21 UTC Sat 07 Nov 09 (13 PET Sat 07 Nov 09 )
Average cloud mixing ratic 0—3K ft above surface

Sea Level Pressure (hPa)
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Model Info: V3.1 KF Y50 PEL Thompson Moah LEM 1.3 km, 37 lerels, 8 =zee

L¥: RETM 8T: Dudhia DIFF: simple EM: 2D Smagor



Streakiness

e How much is real, how much numerical
artifact?

e Often occurs where nature is producing open
cellular convection over the Pacific.



2100 UTC (O of Hash Atm Sci)




Have to be careful—some wavelike
streaks are real!l



Got to be careful...some streaklness is real
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DaNIEL J. KIRSHBAUM
GEORGE H. BRYAN
RICHARD ROTUNNO
National Center for Atmospheric Research, Boulder, CO'
and
DaLE R. DURRAN
Department of Atmospheric Sciences, University of Washington, Seattle, WA

Submitted to Journal of the Atmospheric Sciences on 26 Jan., 2006
Accepted on 17 Sept., 2006



Latitude (N)

Rye I".-11-f]u

45 |

124

s
EFIVIT/T0O0] ST DR

123.5

Longitude (W)

123

0 ~ .
1200 130 140 150 160 170 180

S | e






First issue—Ilots of streaks and unrealistic waves
using nestdown for 1.3km

UW WRF-GFS 1.33km Domain Init: Q0 UTC Fri 10 Dec 10
Fest: 2.00 h Valid: 09 UTC Fri 10 Dec 10 (01 PST Fri 10 Dec 10 )
Total Precip in past 3 hrs (.0lin)}

5 1 2 4 5] 16 32 G4 128 255 512 1024 2048 ein
Model Info: v3.1.1 EF Y5U PBEL Thompson Ther—Diff 1.3 km, 37 levels, 8 =ec

L¥: RRTM SW: Dudhia DIFF: simple EM: 2D Smagor



Switched to one way nesting—
better, but still streaks

Full 1—way Nest 1.33km Domain Init: 0 UTC Fri 10 Dec 10
Fegt: 9.00 h Valid: 09 UTC Fri 10 Dec 10 (01 PST Fri 10 Dec 10 )
Total Precip in past 3 hrs (.Qlin)
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Model Info: ¥3.1.1  Ne Cu  YS5U PBL Thompson Ther—Diff 1.3 km, 37 levels, 8 mec
L¥: ERTM 8W: Dudhia DIFF: simple EM: 2D Smager

Two-way nesting no better.



fullynested.v35 1.353km Domain Init: 12 UTC Sat 0¥ Nov 08
Feet: 7.00 h Valid: 19 UTC Sat 07 Nov 09 (11 PST Sat 07 Nov 09 )

Average cloud mixing ratic 0—3K ft above surface
Sea Lewel Pressure (hPa)
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Model Info: V3.3 F Y50 PEL Thompson Ther—Diff 1.3 km, 37 levels, 8 zec
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Other Approach

 Wei Wang suggested we play with the domain
configuration...separating the 12 and 4-km
domains more and pushing the 1.3 km away
from the coast.

e This appeared to help substantially.



Original (problems)
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Pushed all domains out and increased
separation, 4/3 km domain boundary pushed
away from coast




Alternative: kept 4/3 km in close to
coast.




Original Approach

fullynested.v38nolkf 1.33km Domain Init: 12 UTC Sat Q7 Nov 09

Feat: 9.00 h Valid: 21 UTC Sat 07 Nov 092 (13 PST Sat 07 Nov 09 )
Average cloud mixing ratio 0—3K ft above surface

Sea Level Pressure (hPa)

CONTOURS: UNIT§=hPs LOT= 10040  HIGH= 1010.0  INTERVAL=  2.0000
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Model Info: V3.3 Ne Cu TS50 PEHL Thompson Ther—Diff 1.3 kon, 37 levels, B sec
L¥: ERTM 8W: Dudhia DIFF: simple EM: 2D Smager




Pushed it all domains out

weifdom 1.33km Domain Init: 12 UTC Sat Q7 Nov 09

Feat: 2.00 h Valid: 21 UTC Sat 07 Nov 09 (13 PST Sat 07 Nov 09 ]
Average cloud mixing ratic 0-3EK ft above surface

Sea Level Pressure (hPa)

CONTQURS: UNITE=hFa LOT= 1008.0 HIGH= 101B8.0 INTERVAL=  £.0000
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Model Info: V3.1.1  He Cn YSU PBL Thompson Ther—Diff 1.3 km, 37 levels, 8 gec
LY. ERTM 8. Dudhia DIFF: simple EM: 2D Smagor



Just Expanded 12 and 4 km



sdom 1.33km Domain Init: 12 UTC Sat O
it 29.00 h Valid: 21 UTC Sat 07 Nov 09 (13 PST Sat 0%
-arage cloud mixing ratic 0—-3K ft above surface

1 Level Pressure (hPa)

New

CONTOURS: UNITS=hPa LOT= 10080  HIGH= 10120
BT T T T T T T T T T T
1 ] - i ] 4 g

16 25 A6 AB 5B 8 Rl T 16

Model Info: ¥V3.1.1 No Cu  Y5U PEL Thompsaon Ther—Diff 1.3 km, 37 levelz, 8 &
L¥: ERTM &W: Dudhia DIFF: simple EM: 2D Smagor

INTERVAL= 2.0000

ullynested.v33 1.33km Domain
cat! 2.00 h Valid: 21 UTC Sat 07 N

Average cloud mixing ratic 0—3EKE ft above surface
lea Level Pressure (hPa)
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Decision: Will Make This Change in
our Real-time runs



WRF Problems Over Snow (YSU
Scheme)

e As discussed at previous workshops, we had
problems with the NOAH LSM, particularly
over snow: much too cold at 2-m.

* Since then running the five-layer soil model
and NAM snow field.

e Going to 1.3 km began using the NOAA high-
resolution (1-km) snow product, available
daily.



National Weather Service :

w National Operational Hvdrnlﬁg
Remote Sensing Center

Home News Organization

National Snow Analyses

Bnow Information
MNational Analyses

Interactive Maps Snow Reparts Model Assimilation Schedule Snow Survey Schedule
3D Visualization
Automated Model Discussion:
Alrborne Survays June 16, 2011
Satellite Obs Click On Map for Reglonal Analyses Area Covered By Snow:  2.3%
™ Area Covered Last Month:  5.3%
Data Archive Snow Depth
SHEF Products Average: 1.21in
i Minimum: 0.0in
Observations near Maximum: a73.010n
Std. Dev.: 896in
Snow Water Equivalent
Science/Technology Average: 0.5in
NOHRSC mlm_mum: s [}gg in
GIS Data Sets aximum: Ain
Bpal::ial PIJI'FO'B Std. Dev.: 4.1in
Ima mare. .. Metric Units..
gery
Select Region and Date
’7' National ;102011 +[ June S () (+)(6o)
Snow Water Equivalent Snow Depth Average Snowpack Temp
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Snow Climatology
Related Links
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NAM Snow Cover

UW WRF-GF3 4km Domain

Init: 12 UTC Wed 26 Jan 11
Fegt: 9 h Yalid: 21 UTC Wed 26 Jan 11 (13 PST Wed 26 Jan 11)
FLAG INDICATING SNOW COVERAGE (1 FOR
Terrain height AMSL

CONTOURS: UNITE=m LOT= 20.000 HIGH= 3620.0 INTEEYAL= 200,04

[ [ I
.1 .2 3 4 5
Model Info: ¥3.1.1 EF

.8 T .8
Ther—Diff 4.0 km, 37 levels,

B w
24 sec
L¥: RRTM 8W: Dudhia DIFF: simple EM: 2D Smager

Y3U FBL Theompson



High-Resolution Show Update Every Day

UW WRF—-GFS 1.33km Domain

Init: 12 UTC Wed 08 Jun 11
Feegt: .00 h Valid: 12 UTC Wed 08 Jun 11 (05 PDT Wed 08 Jun 11 )
FLAG INDICATING SNOW COVERAGE (1 FOR
Terrain height AMSL

A | P - < s
CONTOURS: UNITE=m LoT= Z20.000 HIGH= 38200 INTEEVAL= 200,00
[ [ [ | [
.1 .2 3 4 i) Nl T .8 8 u
Model Info: V3.1.1

No €u  Y5U PBEL Thompson Ther—Diff 1.3 km, 37 levels, 8 =ec
L¥W:. RRTM 3W: Duclhia DIFF: simple EM: 2D Smagoer




But With More Snowcover and
Spring Coming on We Noticed a
BIG Problem:

2-m temps—taken from YSU
model—always near freezing over
SNOW



UW WRI-GFS 12km Domain

Init: 00 UTC Fri 13 May 11
Feat: 24 h

Valid: 00 UTC Sat 14 May 11 (17 FDT Fri 13 May 11)
FLAG INDICATING SNOW COVERAGE (1 FOR
Terrain height AMSL

CONTOURS: UNITS=m LOT= 20.000

HIGH= 3420.0 INTERVAL= _ 200.00
[ [ [ [ [

1 .2 3 4
Model Info: ¥3.1.1 EF

5 .B A .B B -4
Y3U FBL Theompson Ther—Diff 12 km, 37 levels, 72 sec
L¥: RRTM 8W: Dudhia DIFF: simple EM: 2D Smager



UW WRF-GF3 12km Domain Init: 00 UTC Fri 13 May 11
Foat: 24 h Valid: 00 UTC Sat 14 May 11 (17 FDT Fri 13 May 11)
2m Temperature (°C) —————— 10m Wind (full barb = 10kts)
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BARE VECTURS: FULL BARR = 10 kis

-8l —-1B -15 -1 -8 -6 -3 1] 3 i1 8 1= 15 18 21 =24 BY 30 a3 *c

Model Info: ¥V3.1.1 EF Y3U FBL Theompson Ther—Diff 12 km, 37 levels, 72 sec
L¥: RRTM 8W: Dudhia DIFF: simple EM: 2D Smager



UW WRF-GF3 12km Domain Init: 00 UTC Fri 13 May 11
Fegt: 24 h Valid: 00 UTC Sat 14 May 11 (17 FDT Fri 13 May 11)
Ground/sea—surface temperature

130 W 125 7 180 W 1157 114 W 105

BARE VECTURS: FULL BARR = 10 kis

-8l —-1B -15 -1 -8 -6 -3 1] 3 i1 8 1= 15 18 21 =24 BY 30 a3 *c

Model Info: ¥V3.1.1 EF Y3U FBL Theompson Ther—Diff 12 km, 37 levels, 72 sec
L¥: RRTM 8W: Dudhia DIFF: simple EM: 2D Smager



After talking to WRF folks—like Jimy-- who confirmed
there is a problem with 2-m temp output, switched to
lowest model level—roughly 19 m

UW WEF-GFS 12km Deomain Init: 00 UTC Fri 13 May 11
Fest: 24 h Valid: 00 UTC Sat 14 May 11 (17 PDT Fri 13 May 11)
Temperature at height = 0.00 km
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Temperature, Bias, Forecast Hour 38, 00Z Initialization, no smoothing

——— WRFGFS-36km
—— WRFGF5-12km

WRFGFS-4km
~——— WRFGF5-1.3km |
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Conclusions

e UW 1.3 km is now stable and looking very
good.

e Verifications look promising

e Still the issue of cold temperatures with NOAH
LSM over snow



The End
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