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Objectives

= Run MM5S and WRE-ARW: for six case
periods during the Winter Olympics
using similar configurations

s Perform a statistical analysis on the
finest domain (1.333-km resolution)

s Perform a subjective analysis of
model results from both models




Case Descriptions

00 UTC, 13 Feb 2006 -
00 UTC, 14 Feb 2006

12 UTC, 17 Feb 2006 - Precip/Wind in
12 UTC, 18 Eeb 2006 Mountains

00 UTC, 18 Feb 2006 -
00 UTC, 19 Feb 2006

12 UTC, 19 Feb 2006 - | Precip in Mountains
12 UTC, 20 Feb 2006 and on Plains

00 UTC, 22 Feb 2006 -
00 UTC, 23 Feb 2006

Dry

Precip in Meuntains

Precip on Plains

Light Precip in
Mountains and on
Plains

12 UTC, 25 Feb 2006 -
12 UTC, 26 Feb 2006




MIMIS and WRFE Experimental Design

PBL Microphysics CPS Radiation Dynamic Initialization
Physics (36/12
km)

Realtime MM5 Simple Ice : RRTM
: Dudhia

MMS5 BASELINE M-Y Eta Simple Ice : RRTM
TKE PBL : Dudhia

WRF BASELINE M-Y-] Eta WSM 3-class : RRTM
TKE PBL simple ice : Dudhia
scheme

Starting: -12h




Domain Configuration & Terrain

Four one-way nested domains using

ndown steps
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1.333-km domain terrain
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Statistical Evaluation

s Mean Absolute Error (MAE) calculated for
wind speed, direction, temperature and
mixing ratio on the 1.333-km domain

s [Ime series statistics
o Individual case averages
e Average of all six cases

s Vertical profile statistics

o All vertical levels
e SiX-case average




1.333-km Grid Surface-Layer MAE

MEAN ABS ERROR (M/S)

MEAN ABS ERROR (C)

MEAN ABS ERROR OF WIND SPEED (M/S) VS. TIME
sfc layer (58m) AGL

LAYER=
DATE/TIME RANGE= 11 FEB 2006, 0000Z-26 FEB 2006, 0000Z AND SUBDOMAIN = 1

EN)
2.8
2.6

Wind Speed

L L

3 4

MODEL-RELATIVE TIME
(MEAN)
1.5087
2=WRF BASELINE 1.333-KM

MEAN ABS ERROR OF TEMP (C) VS. TIME
sfc layer (58m) AGL
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Temperature =
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MODEL-RELATIVE TIME
(MEAN)
1.9809
2=WRF BASELINE 1.333-KM

MEAN ABS ERROR (DEG)

MEAN ABS ERROR (G/KG)

LAYER=
DATE/TIME RANGE= 11 FEB 2006, 0000Z-26 FEB 2006, 0000Z AND SUBDOMAIN

DATE/TIME RANGE= 11 FEB 2006, 0000Z—26

1.9

R3S

B

MEAN ABS ERROR OF WIND DIRECTION (DEG) VS. TIME
sfc layer (58m) AGL

i

Wind Direction

L L

3 4

MODEL-RELATIVE TIME
(MEAN)
61.3111
2=WRF BASELINE 1.333-KM

MEAN ABS ERROR OF MIXR (G/KG) VS. TIME
R= sfc layer

l:(Stlm) A
EB 2006, 0000Z AND SUBDOMAIN

Water Vapor Mixing Ratio

MODEL~-RELATIVE TIME
(MEAN)
0.40368
2=WRF BASELINE 1.333-KM
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MODEL LEVEL

MODEL LEVEL
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MEAN ABS ERROR OF WIND SPEED ‘SM(S%
PROFILE FOR 6 CASES TIME MEAN VALU

MODEL DX 1.333km AGAINST 1.333KM OBS

MODEL HOUR RANGE= 0.0 - 240 h
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3-KM 2=WRF BASELINE 1.333-KM

MEAN ABS ERROR OF TEMP (C)
PROFILE FOR 6 CASES TIME MEAN VALUE
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MODEL LEVEL

MM5 BAS

MODEL LEVEL

MEAN ABS ERROR OF WIND DIRECTION (DEG)
PROFILE FOR 6 CASES TIME MEAN VALUE
MODEL DX 1.333km AGAINST 1.333KM OBS

MODEL HOUR RANGE= 00 -240 h

Wind Direction
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Statistical Results

s SiX-Ccase average stats show:

o WRF-ARW has a slight statistical
advantage over MM5 at the surface on
the 1.333-km domain (significance not
tested)

o WRF-ARW also has a slight statistical
advantage in the vertical, especially for
mixing ratio.

s Case by case, neither model has a
distinct advantage for all variables




Subjective Comparisons

= MM5 vs WRF-ARW

o WRF consistently has less spatial precipitation
coverage

o WRF has unrealistic spikes in precipitation
amounts along the lateral boundaries that do
not exist in MM5 (occurs when using one-way
nests with ndown steps)

x WRF-ARW v2.1 vs. WRF-ARW v2.2
e More pronounced boundary noise in v2.2




Case 2
12UTC 17 Feb - 12UTC 18 Feb
Precip/Wind inf Mountains
Realtime MIVIS

ARPAPiemate - The neather and suowe service at the Games

Dataset: MMS 1.33km grid RIP: mm5 realtime rto nit: 0900 UTC Fri 17 Feb 06 3 % i
Fest: 2400 h Valid: 1200 UTC Sat 18 Feb 06 {1300 LST Sat 18 Feb 06} Data observed in the single venues: last update on 18/022006 at 15:00 local time
Total precip. since h 0
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Case 2
12UTC 17 Feb - 12UTC 18 Feb
Precip/\Wind inf Mountains

Dataset: mmb5 d4 RIP: mm5 realtime rtotsh0O Init; 0900 UTC Fri 17 Feb 06 Dataset: WRF 1.33km grid RIP. wrf realtime rto Init; 0900 UTC Fri 17 Feb 06
Fest: 24.00 h Valid: 1200 UTC Sat 18 Feb 06 (1300 L3T Sat 18 Feb 06) Fest: 24.00 h Valid: 1200 UTC Sat 18 Feb 06 (1300 L3T Sat 18 Feb 06)
Total precip. since h 0 Total precip. since h 0

Sea—level pressure Sea—level pressure

Horizontal wind vectors at k—index = 30 Horizontal wind vectors at k—index = 30
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Case 2
12UTC 17 Feb - 12UTC 18 Feb
Precip/Wind inf Mountains

Dataset: mm5 d4 RIP: mmd realtime rtotsh0 Init: 0900 UTC Fri 17 Feb 08 Dataset: d04 RIP: realtime rtotsh0® Init: 1200 UTC Fri 17 Feb 06
Fest: 24.00 h Valid: 1200 UTC Sat 18 Feb 06 (1300 L3T Sat 18 Feb 06) Fest: 2400 h Valid: 1200 UTC Sat 18 Feb 06 (1300 LST Sat 18 Feb 08)
Total precip. since h 0 Total precip. since h 3

Sea—level pressure Sea—level pressure

Horizontal wind vectors at k—index = 30 Horizontal wind vectors at k-index = 30

¢

[ T AV PN
o — == =

i

B O A Y

R i
e e e S A A e e e

~ = =~ = ~a8 — = N
- 0~
N~ £

PRV A R A B

St
bl i

°
-
/
P
£
¢
T
|

!

Pl

Q
rer g\
iFE)

B i a T P L Y

L

[

P A
I A

- g
- - = — @
PR IR EN
P i i B
- AN
“ = = A0
P T
- - - = .~ N

BARB VECTORS: FULL BARB = 10 m s~
CONTOURS: UNITS=hPa LOW= 1000.0 HIGH= 1{08.0 INTERVAL=  2.0000 HARB YECTORS: FULL BARB = 10 m &~
Model info: ¥3.8.3 No Cumulug Eta PBL ~ Simple ice 1 km, 30 levels, 4 sec CONTOURS: UMITS=hPa LOT= 10029 HIGH= 10120 INTERYAL= 2.0000

24-h Total Precip




Case 5
O00UTC 22 Feb - 00UTC 23 Feb
Precip on Plains
Realtime MMS

Weather data belong to Arpa Piemonte. Use allowed mentioning the source.

Dataset: MMS 1.33km grid RIP:; mm5 realtime rto Init: 2100 UTC Tue 21 Feb 06 Data observed in the single venues: last update on 23/02/2006 at 02:00 local time
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Case 5
O00UTC 22 Feb - 00UTC 23 Feb
Precip on Plains

Dataset: mmb5 d4 RIP: mm5 realtime rtotshQ Init: 2100 UTC Tue 21 Feb 06 Dataset: WRF 1.33km grid RIP. wrf realtime rto Init: 2100 UTC Tue 21 Feb 06
Fest: 24.00 h Valid: 0000 UTC Thu 23 Feb 06 {0100 LST Thu 23 Feb 06} Fest: 24.00 h Valid: 0000 UTC Thu 23 Feb 06 {0100 LST Thu 23 Feb 06}
Total precip. since h 0 Total precip. since h 0
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Model info: ¥3.8.3 No Cumulug Eta PBL ~ Simple ice 1 km, 30 levels, 4 sec L¥: RRTM SW: Dudhia DIFF: simple KM: 2D Smagor
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Case 5
O00UTC 22 Feb - 00UTC 23 Feb
Precip on Plains

Dataset: mm5 d4 RIP: mmd realtime rtotsh0 Init: 2100 UTC Tue 21 Feb 08 Dataset: d04 RIP: realtime rtotsh0® Init: 0000 UTC Wed 22 Feb 06
Fest: 24.00 h Valid: 0000 UTC Thu 23 Feb 06 {0100 LST Thu 23 Feb 06} Fest: 2400 h
Total precip. since h 0

Valid: 0000 UTC Thu 23 Feb 06 {0100 LST Thu 23 Feb 06)
Total precip. since h 3
Sea—level pressure
at k—index = 30 Horizontal wind vectors
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INTERVAL=  2.0000
Model into: ¥3.8.3 No Cumulus Eta PBL

HARB YECTORS: FULL BARB = 10 m &~
Simple ice 1 km, 30 levels, 4 sec CONTOURS: UMITS=hPa LOT= 10149 HIGH= 1020.0 INTERYAL= 2.0000

24-h Total Precip




Why does this noise exist?

= [ests were performed with Case 6 to
isolate the problem

e Run all four domains with ndown

e Run all four domains in the same job
(with no feedback)




36-km Grid

without ndown with ndown

Dataset: dG1 RIP: realtime rtotsh0 Init: 1200 UTC Sat 25 Feb 06 Dataset: dG1 RIP: realtime rtotsh0 Init: 1200 UTC Sat 25 Feb 06
Fest: 2400 h Valid: 1200 UTC Sun 26 Feb 08 (1300 LST Sun 26 Feb 08) Fest: 2400 h Valid: 1200 UTC Sun 26 Feb 08 (1300 LST Sun 26 Feb 08)
Total precip. since h 12

Total precip. since h 12

Sea—level pressure Sea—level pressure

Horizontal wind vectors at k—index = 30 Horizontal wind vectors at k—index = 30
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12-km Grid

without ndown with ndown

Dataset: d32 RIP: realtime rtotshQ Init: 1200 UTC Sat 25 Feb 06
Fest: 2400 h Valid: 1200 UTC Sun 26 Feb 08 (1300 LST Sun 26 Feb 08)
Total precip. since h 12

Sea—level pressure

Horizontal wind vectors at k—index = 30

Dataset: d32 RIP: realtime rtotshQ Init: 1200 UTC Sat 25 Feb 06
Fest: 2400 h Valid: 1200 UTC Sun 26 Feb 08 (1300 LST Sun 26 Feb 08)
Total precip. since h 12
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o 10 E
100 oo T

100

T T T T T T T T T T T T T T

~ R S L L 7 LY A
T For e 30
T N N N NN R o eI A S S i, TN N S SN S A
90 | 90 |
.A/\,{\/s/-»/\ P &fg N A 28 A»,{»/\/-»/\ P &g T N S
ek T e e AN T il e
b m s o o e e i s gl K A i 26 b m s o o e o gl K -
aa ?\ TGTERore ™ s = ot 80 & i.l?)‘ STOIBW T A e NSt
Bl SRt e e e el e ard P 3 24 A kel e ek ababale o N
R o b o g o A SR A i R b L o Ao SR A
70 [ A e e . 7 E 20 9Q [ N o NS A e AP
fom vt = A Tl
SN PN % i
C - Y = 20
eo | 3 a0 |
E 18
A 2
60 |y 4N 16 50 i
i 14
sa F @ 1
J 12
e Y E -
E 10
aa B R N Y = aa AN Y
SNV NN 3 8 v
youll PRI s () E 3l
BRI SRR | A 11
20 - e 8 2d —_—
» Y oh N et ¥ Sl Yo (e %
N RN e e A e + v Ao A A
N\ EEEY [ 4 vy . . P P
10 3o 3 o A 10 | 3 P
A - z A DN PR AR - - e
i - . '
i, o< s 3o i 3 b, ot ]
O A P G P [RRARNA prvernn barsg g v oo o FUSTE swL aww T

7 1 1 0
10 20 40 0 10 20 30 40 50 80 0 80 20 100

80 20 100
BARB VECTORS: FULL BARB = 10 m s~ BARB VECTORS: FULL BARB = 10 m s~
CONTOURS: UNITS=hPa LOT= ©88.00 HIGH= 10220 INTERYAL= 2.0000 CONTOURS: UNITS=hPa LOT= ©88.00 HIGH= 10220 INTERYAL= 2.0000




=
O

=
=
4

with ndown
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Dataset: d03 RIP: realtime rtotsh0
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Conclusions

s Statistics show that WRF-ARW has a slight
advantage over MM5 averaged over all six cases

o Note: Statistics are calculated well within the domain,
away from the lateral boundary noise

= In general, WRF-ARW predicts less spatial
coverage of precipitation than MM5
e [s this due to mass conservation within the domain?

= Subjective analysis shows noise in the
precipitation field around the lateral boundaries

e This is only a problem with one-way nests using ndown
steps

e This problem is known, and is being investigated by
NCAR
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Case 2
12UTC 17 Feb - 12UTC 18 Feb
Precip/\Wind inf Mountains

Dataset: mm5 d4 RIP: mm5 realtime sfc nit: 0900 UTC Fri 17 Feb 06 Dataset: WRF 1.33km grid RIP. wrf realtime sfc Init; 0900 UTC Fri 17 Feb 06
Fest: 24.00 h Valid: 1200 UTC Sat 18 Feb 06 (1300 L3T Sat 18 Feb 06) Fest: 24.00 h Valid: 1200 UTC Sat 18 Feb 06 (1300 L3T Sat 18 Feb 06)
Temperature at k—-index = 30 Temperature at k—-index = 30

Sea—level presgure Sea—level presgure

Horizontal wind vectors at k—index = 30 Horizontal wind vectors at k—index = 30
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Case 2
12UTC 17 Feb - 12UTC 18 Feb
Precip/\Wind inf Mountains

Dataset: mm5 d4 RIP: mmb5 realtime sfc nit: 0900 UTC Fri 17 Feb 06 Dataset: d04 RIP: realtime sfc Init: 1200 UTC Fri 17 Feb 06
Fest: 24.00 h Valid: 1200 UTC Sat 18 Feb 06 {1300 L3T Sat 18 Feb 06) Fest: 2400 h Valid: 1200 UTC Sat 18 Feb 08 (1300 LST Sat 18 Feb 06)
Temperature at k—-index = 30 Temperature at k—index = 30

Sea—level pressure Sea—level pressure

Horizontal wind vectors at k—index = 30 Horizontal wind vectors at k-index = 30
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Case 5
O00UTC 22 Feb - 00UTC 23 Feb
Precip on Plains

Dataset: mm5 d4 RIP: mm5 realtime sfc Init: 2100 UTC Tue 21 Feb 06 Dataset: WRF 1.33km grid RIP. wrf realtime sfc Init: 2100 UTC Tue 21 Feb 06
Fest: 24.00 h Valid: 0000 UTC Thu 23 Feb 06 {0100 LST Thu 23 Feb 06} Fest: 24.00 h Valid: 0000 UTC Thu 23 Feb 06 (0100 LST Thu 23 Feb 06}
Temperature at k—-index = 30 Temperature at k—-index = 30

Sea—level pressure Sea—level pressure

Horizontal wind vectors at k—index = 30 Horizontal wind vectors at k—index = 30
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Model info: ¥3.8.3 No Cumulug Eta PBL ~ Simple ice 1 km, 30 levels, 4 sec L¥: RRTM SW: Dudhia DIFF: simple KM: 2D Smagor
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Case 5
O00UTC 22 Feb - 00UTC 23 Feb
Precip on Plains

Dataset: mm5 d4 RIP: mm® realtime sfc Init: 2100 UTC Tue 21 Feb 08 Dataset: d04 RIP: realtime sfc Init: 0000 UTC Wed 22 Feb 06
Fest: 24.00 h Valid: 0000 UTC Thu 23 Feb 06 {0100 LST Thu 23 Feb 06} Fest: 2400 h Valid: 0000 UTC Thu 23 Feb 06 {0100 LST Thu 23 Feb 06)
Temperature at k—-index = 30 Temperature at k—index = 30

Sea—level pressure Sea—level pressure
Horizontal wind vectors at k—index = 30 Horizontal wind vectors at k-index
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BARB VECTORS: FULL BARB = 10 m s~
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Case 6
12UTC 25 Feb - 12UTC 26 Feb
Light Precip in Mountains and on Plains
Realtime MMS OBS

ARPAPiemate - The weather ard uowe service ot fhe Games

Dataset: MMS 1.33km grid RIP: mm5 realtime rto Init: 0900 UTC Sat 25 Feb 06
Fest: 2400 h Valid: 1200 UTC Sun 28 Feb 06 (1300 LST Sun 26 Feb 06} Weather data belongtg AmapiemgmtUseangwedmmﬁomngme SOULCE.
Total precip. since h 0

Sea—level pressure

Horizontal wind vectors at k—index = 30
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Case 6
12UTC 25 Eeb - 12UTC 26 Feb

Light Precip in Mountains and on Plains
MIMS

Dataset: mmb5 d4 RIP: mm5 realtime rtotshO Init: 0900 UTC Sat 25 Feb 06 Dataset: WRF 1.33km grid RIP. wrf realtime rto Init: 0900 UTC Sat 25 Feb 06
Fest: 24.00 h Valid: 1200 UTC Sun 26 Feb 06 (1300 LST Sun 26 Feb 06} Fest: 24.00 h Valid: 1200 UTC Sun 26 Feb 06 (1300 LST Sun 26 Feb 06}
Total precip. since h 0 Total precip. since h 0

Sea—level pressure Sea—level pressure

Horizontal wind vectors at k—index = 30 Horizontal wind vectors at k—index = 30

100 [T T T T TR T T T T T T T T T T
' d T \' Warross

-

sl e N~

- {
L
7T b’ri ¢

s f 7
0 —
;o
ff
;o=

i
i
3
1

| = v s = e =

i

—-

~

-~

- = = =y
e m m m T w o~ =

{

|

L
_p////l/.«/ll’_!
U |
P |
-~y

°

TETETETI FPETE- .. . . J TR « f PP

B T T N

s F

P A |
PSRN

=

N

R

T T Y T T Y T T A T T T T TR T TR T T T TR TR T T T [T T T T T

i
A

T

4

|

/

¢

) TR P T O R PR bl toa bt G il L] 3y il e
10 20 30 50 60 k(] 80 90 100 50 60 k(] 80

BARB YECTORS: FULL BARB = 10 m ™!
BARB VECTORS: FULL BARB = 10 m s~ CONTOURS: UNIT3=hPa LQW= 1008.0 HIGH= 1010.0 INTERVAL=  2.0000
CONTOURS: UNITS=hPa LOW= 1008.0 HIGH=  1006.0 INTERVAL=  2.0000 Model Info: V2.1.1 M No Cu  MYJ PBL W3M 3class Ther-Diff 1.2 km, 30 levels, 6 sec
Model info: ¥3.8.3 No Cumulug Eta PBL ~ Simple ice 1 km, 30 levels, 4 sec L¥: RRTM SW: Dudhia DIFF: simple KM: 2D Smagor

24-h Total Precip

N
~

P I Al R A G e

AVTET FTETUTETTN FPCRTETTIN FTETRTTETE FETETETIN FTEVETT VI SRR FEUTE (- 001 PP S VR

__——_—%__///l\
[ N S X

B A R R S S S
R -

T
F - = v = = — =

— - -~ -

Fe v v i oy e

E vl - _ S~

TR

-
=3
S




Case 6
12UTC 25 Feb - 12UTC 26 Feb
Light Precip in Mountains and on Plains
MIMS

Dataset: mm5 d4 RIP: mmd realtime rtotsh0 Init: 0900 UTC Sat 25 Feb 08 Dataset: d04 RIP: realtime rtotsh0® Init: 1200 UTC Sat 25 Feb 06
Fest: 24.00 h Valid: 1200 UTC Sun 26 Feb 06 (1300 LST Sun 26 Feb 06} Fest: 2400 h Valid: 1200 UTC Sun 26 Feb 06 (1300 LST Sun 26 Feb 08)
Total precip. since h 0 Total precip. since h 3

Sea—level pressure Sea—level pressure

Horizontal wind vectors at k—index = 30 Horizontal wind vectors at k-index = 30
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BARB VECTORS: FULL BARB = 10 m a~*
CONTOURS: UNITS=hPa LOW= 1008.0 HIGH= 1(06.0 INTERVAL=  2.0000 HARB VECTORS: FULL BARB = 10 m s~
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Case 1

O0UTC 13 Feb - OOUTC 14 Feb

Realtime MM5

Dataset: MMS 1.33km grid RIP: mm5 realtime rto

Fest: 2400 h
Total precip. since h 0
Sea—level pressure

Horizontal wind vectors at k—index = 30
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Case 1
OOUTC 13 Feb - 0O0UTC 14 Feb

Dry
MM5 WRF2.1

Dataset: mmd5 d4 RIP: mmb realtime rtotshQ Init: 2100 UTC Sun 12 Feb 06 Dataset: WRF 1.33km grid RIP: wrf realtime rto Init: 2100 UTC Sun 12 Feb 06
Fest: 2400 h Valid: 0000 UTC Tue 14 Feb 06 (0100 LST Tue 14 Feb 06} Fest: 2400 h Valid: 0000 UTC Tue 14 Feb 06 (0100 LST Tue 14 Feb 06}
Total precip. since h 0 Total precip. since h 0
Sea—level pressure Sea—level pressure
Horizontal wind vectors at k—index = 30 Horizontal wind vectors at k—index = 30
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Case 1
OOUTC 13 Feb - 0O0UTC 14 Feb

Dry

MMS
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Case 1
OOUTC 13 Feb - 00UTC 14 Feb

Dry

MM5

Dataset: mm5 d4 RIP: mmb realtime thick Init: 2100 UTC Sun 12 Feb 06
Fest: 2400 h Valid: 0000 UTC Tue 14 Feb 06 (0100 LST Tue 14 Feb 06}
Horizontal wind speed at k—index = 30
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Case 1
OOUTC 13 Feb - 00UTC 14 Feb

Dry

MM5

Dataset: mm5 d4 RIP: mmb realtime thick Init: 2100 UTC Sun 12 Feb 06
Fest: 2400 h Valid: 0000 UTC Tue 14 Feb 06 (0100 LST Tue 14 Feb 06}
Horizontal wind speed at k—index = 30

Sea—level pressure

1000 to 0500 hFa thickness

1000 to 0500 hFa thickness

Horizon{gl wind vect.rs - _at k—index = 30
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Wind Speed and 1000-500hPa Thickness



Dataset: mmd d4 RIP:
4.00 h

Fest:

Temperature

Sea—level pressure
Horizontal wind vectors

CONTOURS: UNITS=hPa LOW= 1014.0
Model info: ¥3.6.3 No Cumulus Eta PBL

Case 1
OOUTC 13 Feb - 00UTC 14 Feb

Dry

MM5

mmb realtime sfc Init: 2100 UTC Sun 12 Feb 06
Valid: 0000 UTC Tue 14 Feb 06 (0100 LST Tue 14 Feb 06)
at k—index = 30
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WRF2.1

Init: 2100 UTC Sun 12 Feb 06
Valid: 0000 UTC Tue 14 Feb 06 (0100 LST Tue 14 Feb 06)
30

at k—-index =
at k—index = 30
°¢
|~[’ 2
' 0 °
[ o
i o o
Vo °
I K
[ TS - e o -2
AN o5 06N o
X Y neloAch L
N T (g 4
o VNN N~ o I £ 7
N N o m NN I A N o5
o VOV N N NN - NN W
I T T R S S, -6
Ny Y 0| o~ N\ —
AR SR T T 1y o —
Y ULv v h v AT TP -8
AT SR RN NN N
L NN o
R I -10
e A
AN NN o
Cunes o
LIRS -12
NN N N s
NN N W
NN N o -14
e

i

10 20 30 40 50 60 k(] 80 90 100
BARB YECTORS: FULL BARB = 10 m ™!
CONTOURS: UNITS=hPa LQV= 1014.0 HIGH= 1028.0 INTERVAL=  2.0000
Model Info: ¥V2.1.1 M No Cu MYJ PBL W3M 3class Ther-Diff 1.3 km, 30 levels, 6 sec

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

Surface Layer Temperature



Dataset: mmd d4 RIP:
4.00 h

Fest:

Temperature

Sea—level pressure
Horizontal wind vectors

CONTOURS: UNITS=hPa LOW= 1014.0
Model info: ¥3.6.3 No Cumulus Eta PBL

Case 1

O0UTC 13 Feb -

OOUTC 14 Feb
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MM5

mmb realtime sfc Init: 2100 UTC Sun 12 Feb 06
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Case 2
12UTC 17 Feb - 12UTC 18 Feb
Precip/Wind in Mountains

MM5

Dataset: mmb5 d4 RIP: mmb realtime thick
Fest: 2400 h

Horizontal wind speed
Sea—level pressure

1000 to 0500 hFa thickness
1000 to 0500 hFa thickness
Hot‘izong% n vect.r _

Init: 0900 UTC Fri 17 Feb 06

Valid: 1200 UTC Sat 18 Feb 06 (1300 LST Sat 18 Feb 06}
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WRF2.1

Dataset: WRF 1.33km grid RIP: wrf realtime thi
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Horizontal wind speed
Sea—level pressure

1000 to 0500 hFa thickness
1000 to 0500 hPa thickness
Horizon{gl wind vectors
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Wind Speed and 1000-500hPa Thickness
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Case 2
12UTC 17 Feb - 12UTC 18 Feb
Precip/Wind in Mountains

MM5

Dataset: mmb5 d4 RIP: mmb realtime thick
Fest: 2400 h

Horizontal wind speed
Sea—level pressure

1000 to 0500 hFa thickness
1000 to 0500 hFa thickness
Horizon{gl wind vectors
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at k—index = 30

_at k—clex = 30

me™t

{

I T A N

20

N
~
R S T

o\
B

~ = = —=~=~08~- >~ Y
P N

R o S N

AN
AN
N
AN
\
(

CONTOURS: UNITS=dam LOW= £34.00 HIGH= B40.0%
CONTQURS: UNITS=dam LOW= £40.00 HIGH= B40.00
CONTOURS: UNITS=hPa LOW= 1000.0 HIGH= 1008.0
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Datasget: d@4 RIP: realtime thick

Fest: 2400 h

Horizontal wind speed

Sea—level pressure

1000 to 0500 hPa thickness

1000 to 0500 hPa thickness

Horizonma wind vectors
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Wind Speed and 1000-500hPa Thickness



Realtime MM5

Dataset: MMS 1.33km grid RIP: mm5 realtime rto
Fest: 2400 h

Totel precip. since h 0
Sea—level pressure
Hoerizontal wind vectors

at k—index

Case 3
OOUTC 18 Feb - O0UTC 19 Feb
Precip in Mountains

OBS

Init: 2100 UTC Fri 17 Feb 08

Valid: 0000 UTC Sun 19 Feb 06 (0100 LST Sun 19 Feb 06}

Weather data belong to Arpa Piemonte. Use allowed mentioning the source.
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MM5

Dataset: mmdS d4 RIP: mmb realtime rtotshQ
Fest: h Yalid: 0000 UTC Sun
Total precip. since h 0
Sea—level pressure
Horizontal wind vectors

Case 3
OOUTC 18 Feb - O0UTC 19 Feb
Precip in Mountains

Init: 2100 UTC Fri 17 Feb 08
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Case 3
OOUTC 18 Feb - O0UTC 19 Feb
Precip in Mountains

MM5

Dataset: mmdS d4 RIP: mmb realtime rtotshQ Init: 2100 UTC Fri 17 Feb 08
0h

Fest:

Total precip. since h 0
Sea—level pressure
Horizontal wind vectors
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CONTOURS: UNITS=hPa LOW= 1000.0 HIGH= 1100 INTERVAL=  2.0000

Model info: ¥3.8.3 No Cumulus Eta PBL Simple ice 1 km, 30 levels, 4 sec
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WRF2.2

Dataset: d04 RIP: realtime rtotshQ Init: 0000 UTC Sat 18 Feb 06
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MM5

Dataset: mm5 d4 RIP: mm5 realtime thick
Fest: 2400 h

Horizontal wind speed
Sea—level pressure

1000 to 0500 hFa thickness
1000 to 0500 hFa thickness
Honzon;% mnd vec’t.ors
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Case 3
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Precip in Mountains
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Case 3

O0UTC 18 Feb - OOUTC 19 Feb

MM5

Dataset: mm5 d4 RIP: mm5 realtime thick

Fest: 2400 h

Horizontal wind speed

Sea—level pressure

1000 to 0500 hFa thickness

1000 to 0500 hFa thickness

Horizon;% wind vectors
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Case 3

OOUTC 18 Feb - OOUTC 19 Feb

Precip in Mountains
MMS

WRF2.1

Dataset: mm5 d4 RIP: mm5 realtime sfc Init: 2100 UTC Fri 17 Feb 06 Dataset: WRF 1.33km grid RIP: wrf realtime sfc Init: 2100 UTC Fri 17 Feb 06
Fest: 4.00 h Valid: 0000 UTC Sun 19 Feb 06 (0100 LST Sun 19 Feb 06} Fest: 00 h Valid: 0000 UTC Sun 19 Feb 06 (0100 LST Sun 19 Feb 06}
Temperature at k—index = 30 Temperature at k—index = 30

Sea—level pressure Sea—level pressure

Herizental wind vectors at k—index = 30 Herizental wind vectors at k—index = 30
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Case 3
O0OUTC 18 Feb - O0UTC 19 Feb

Precip in Mountains
MMS WRF2.2

Dataset: mmdS d4 RIP: mmb realtime sfc Init; 2100 UTC Fri 17 Feb 06 Dataset: d04 RIP: realtime sfc Init: 0000 UTC Sat 18 Feb 06
Fest: 24.00 h Valid: 0000 UTC Sun 19 Feb 06 (0100 LST Sun 19 Feb 06} Fest: 2400 h Valid: 0000 UTC Sun 19 Feb 06 (0100 LST Sun 19 Feb 06)
Temperature at k—index = 30 Temperature at k—-index = 30
Sea—level pressure Sea—level pressure
Horizontal wind vectors at k—index = 30 Horizontal wind vectors at k-index = 30
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Surface Layer Temperature



Case 4
12UTC 19 Feb - 12UTC 20 Feb

Precip in Mountains and on Plains
Realtime MM5 OBS

ARPAPiem e - The weather wd snowr service at e Comes

Dataset: MMS 1.33km grid RIP: mm5 realtime rto Init: 0800 UTC Sun 19 Feb 06 g W

Fest: 24.00 h Valid: 1200 UTC Mon 20 Feb 06 (1300 LST Mon 20 Feb 06} Weather data belong to Arpa Piemonte. Use allowed mentioning the source.
Totel precip. since h 0

Sea—level pressure

Horizontal wind vectors at k—index = 30 Data observed in the single venues: last update on 20/02/2006 at 14:00 local time
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MM5

Case 4
12UTC 19 Feb - 12UTC 20 Feb
Precip in Mountains and on Plains

WRF2.1

Init: 0800 UTC Sun 19 Feb 06

Dataset: mmb5 d4 RIP: mm5 realtime rtotshO Init: 0800 UTC Sun 19 Feb 06 Dataset: WRF 1.33km grid RIP: wrf realtime rto
00 h

Fest: 24.00 h Valid: 1200 UTC Mon 20 Feb 06 (1300 LST Mon 20 Feb 06} Fest:

Total precip. since h 0
Sea—level pressure

Horizontal wind vectors at k—index = 30 Horizontal wind vectors at k—index = 30
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Sea—level pressure
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Case 4
12UTC 19 Feb - 12UTC 20 Feb
Precip in Mountains and on Plains

MM5

Dataset: mmd5 d4 RIP: mmbd realtime rtotshQ Init: 0900 UTC Sun 19 Feb 06
Fest: 2400 h Valid: 1200 UTC Mon 20 Feb 06 (1300 LST Mon 20 Feb 06}
Total precip. since h 0

Sea—level pressure

Horizontal wind vectors at k—index = 30
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BARB VECTORS: FULL BARB = 10 m s~*
CONTOURS: UNITS=hPa LOVW= 638.00 HIGH= 1006.0 INTERVAL=  2.0000
Model info: ¥3.8.3 No Cumulus Eta PBL Simple ice 1 km, 30 levels, 4 sec

WRF2.2

Dataset: d@4 RIP: realtimme rtotshQ Init: 1200 UTC Sun 19 Feb 06
Fest: 2400 h Valid: 1200 UTC Mon 20 Feb 06 (1300 LST Mon 20 Feb 06}
Total precip. since h 3

Sea—level pressure
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24-h Total Precip



Case 4
12UTC 19 Feb - 12UTC 20 Feb
Precip in Mountains and on Plains

MM5

Dataset: mmd5 d4 RIP: mmb realtime thick Init: 0900 UTC Sun 19 Feb 06
Fest: 2400 h Valid: 1200 UTC Mon 20 Feb 06 (1300 LST Mon 20 Feb 06}
Horizontal wind speed at k—index = 30

Sea—level pressure

1000 to 0500 hFa thickness

1000 to 0500 hFa thickness

Hot‘izong% wind vectors at k—index = 30 .
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Dataset: WRF 1.33km grid RIP: wrf realtime thi Init: 0900 UTC Sun 19 Feb 06
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Wind Speed and 1000-500hPa Thickness



Case 4
12UTC 19 Feb - 12UTC 20 Feb
Precip in Mountains and on Plains

MM5

Dataset: mm5 d4 RIP: mmb realtime thick
Fest: 2400 h

Horizontal wind speed
Sea—level pressure

1000 to 0500 hFa thickness
1000 to 0500 hFa thickness

Init: 0900 UTC Sun 19 Feb 08
Valid: 1200 UTC Mon 20 Feb 06 (1300 LST Mon 20 Feb 06}
at k—index = 30

Hot‘izong% wind vectors at k—index = 30 .
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Wind Speed and 1000-500hPa Thickness



Case 4
12UTC 19 Feb - 12UTC 20 Feb

Precip in Mountains and on Plains
MMS WRF2.1

Dataset: mm5 d4 RIP: mmb realtime sfc Init: 0800 UTC Sun 19 Feb 06 Dataset: WRF 1.33km grid RIP: wrf realtime sfc Init: 0800 UTC Sun 19 Feb 06
Fest: 24.00 h Valid: 1200 UTC Mon 20 Feb 06 (1300 LST Mon 20 Feb 06} Fest: 24.00 h Valid: 1200 UTC Mon 20 Feb 06 (1300 LST Mon 20 Feb 06}
Temperature at k—index = 30 Temperature at k—index = 30
Sea—level pressure Sea—level pressure
Herizental wind vectors at k—index = 30 Herizental wind vectors at k—index = 30
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Surface Layer Temperature



Case 4
12UTC 19 Feb - 12UTC 20 Feb
Precip in Mountains and on Plains
MMS WRF2.2

Dataset: mmd5 d4 RIP: mmb realtime sfc Init: 0900 UTC Sun 19 Feb 06 Dataset: d04 RIP: realtime sfc Init: 1200 UTC Sun 19 Feb 06
Fest: 24.00 h Valid: 1200 UTC Mon 20 Feb 06 (1300 LST Mon 20 Feb 06} Fest: 2400 h Valid: 1200 UTC Mon 20 Feb 06 (1300 LST Mon 20 Feb 06}
Temperature at k—index = 30 Temperature at k—-index = 30
Sea—level pressure Sea—level pressure
Horizontal wind vectors at k—index = 30 Horizontal wind vectors at k-index = 30
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MM5

Case 5
O0OUTC 22 Feb - O0UTC 23 Feb
Precip on Plains

Dataset: mmd5 d4 RIP: mmb realtime thick Init: 2100 UTC Tue 21 Feb 06
Fest: 2400 h Valid: 0000 UTC Thu 23 Feb 06 {0100 LST Thu 23 Feb 06}
Horizontal wind speed at k—index =

Sea—level pressure
1000 to 0500 hFa thickness
1000 to 0500 hFa thickness
Horizon;% vectors
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Dataset: WRF 1.33km grid RIP: wrf realtime thi Init: 2100 UTC Tue 21 Feb 06
Fest: 2400 h Valid: 0000 UTC Thu 23 Feb 06 (0100 LST Thu 23 Feb 06}
Horizontal wind speed at k—index = 30

Sea—level pressure

1000 to 0500 hFa thickness
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Horizon{gl wind vectors at k—index = 30
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Case 5
O0OUTC 22 Feb - O0UTC 23 Feb
Precip on Plains

MM5

Dataset: mm5 d4 RIP: mmb realtime thick
Fest: 2400 h
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Case 6
12UTC 25 Feb - 12UTC 26 Feb
Light Precip in Mountains and on Plains
MMS WRF2.1
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Case 6
12UTC 25 Feb - 12UTC 26 Feb

Light Precip in Mountains and on Plains
MMS WRF2.2

X . i Datasget: d@4 RIP: realtime thick Init: 1200 UTC Sat 25 Feb 06
Dataset: mm9 d4 RIP: mmb5 realtime thick Init: 0900 UTC Sat 25 Feb 06 Fest: 2400 h Talid: 1200 UTC Sun 28 F‘eb 06 (1300 LST Sun 26 Feb 08)
Fest: 2400 h Valid: 1200 UTC Sun 26 Feb 06 (1300 LST Sun 26 Feb 06) Horizontal ind speed at k—index =
Horizontal wind speed at k—index = 30 Sea-level pressure
Sea—level pressure 1000 to 0500 hPa thickness
1000 to 0500 hPa thickness 1000 to 0500 hPa thickness
1000 to 0600 hPa thickness ) Horizon{g] ind vectors at k—index = 30 o
Honzong% mnd vectors t k—index = 30 I TE) R e T O Y 9 m
O T TTTTT hbERAR L R R L 2ol b Rl T i me I‘:I ) [-\" y / ey V1§ e s 3
E (s 1 Ny ve g e Yy e s 3
E /e N 3 ' o 3
E ] S i AN RS
(s =~ 4 N N T ER
F et 1 N R N R i
E LAV 1 (= B B () Nee— ==~ 3
80 E_ A ! 9 —0o 0 ) L fr B = = = = N\ 'E
E AN - F VAN /\\Ir/ﬁo\\\\.\f
E ] Q! IR A O P N
E AN g P \\c~u,‘.p-/\
e ;o - e NN | I
E b ]
E S S L A L B Vo . ]
E £ TENTREOY ¢ /7 /] g = /r E
60 //»'—'//,'////,z_ ™M/, — =~ 0 E
E 4 AN B AV Ns= 8N e~ , 0 E
E - L BV i ]
N d 3 Hs
E il VA g ]
E He ]
st F I A ] ]
F / - E e | ] ]
E s - -y oy ® ] 3
0 F .- 0= — = = o0 6] E
E T 3
E R P T T I 3
20 o LT T T S T S T T B
E T T NN T e
E AN B N IR \'E
F - guhdo VNN 1NN :-
20 g S B B R B R B BN \E
£ RN I T U I DN Y
E E -]
E R R T R B R BN N i 3
10 F AR N R R R R BRI N N
E [ A O B R T T T N T N 3
£ ] ~ -
Err L2NE N U T TR T A SRR " y " L
Bt Yoottt b e b RN B vl et b G b bl G d L 10 20 40 50 RO L] 80 20 100
1o "0 urn vedfhrs: Foid pars %o m 10 80 90 100 BARB VECTORS: FULL BARB - 10 m &~
CONTOURS: UNITS=dam LOW= 640.00  HIGH= B40.00  INTERVAL=  6.0000 CONTQURS: UNITS-dam 10T= 63400  HIGH- 53400  INTERVAL- 6.0000
CONTOURS: UNITS=dam LOW= 640.00  HIGH= B40.08  INTERVAL= 640.00 CONTQURS: UNIT9=dam 1OT= B40.00  HIGH= 540.0¢  INTERVAL= 540.00
CONTQURS: UNITS=hPa LOW= 1008.0  HIGH= 1006.0  INTERVAL= 20000 CONTOUES: UNITS=bPa LOTW= 10060  EIGH= 10100  INTERYAL= 2.0000

Model info: ¥3.8.3 No Cumulus Eta PBL Simple ice 1 km, 30 levels, 4 sec

Wind Speed and 1000-500hPa Thickness



MM5

Dataset: mm5 d4 RIP: mm5 realtime sfc Init: 0900 UTC Sat 25 Feb 06 Dataset: WRF 1.33km grid RIP: wrf realtime sfc
Fest: 24.00 h Valid: 1200 UTC Sun 26 Feb 06 (1300 LST Sun 26 Feb 06} Fest: 00 h
Temperature at k—index = 30 Temperature

Sea—level pressure

Case 6

12UTC 25 Feb - 12UTC 26 Feb
Light Precip in Mountains and on Plains

Sea—level pressure

Horizontal wind vectors at k—index = 30 Horizontal wind vectors
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Case 6
12UTC 25 Feb - 12UTC 26 Feb

Light Precip in Mountains and on Plains
WRF2.2

MM5

Dataset: mmd5 d4 RIP: mmb realtime sfc

Init: 0900 UTC Sat 25 Feb 06 Dataset: d@4 RIP: realtime sfc
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4-km Grid Surface-Layer MAE

MEAN ABS ERROR (C)

MEAN ABS ERROR (C)

MEAN ABS ERROR OF TEMP (C) VS. TIME
= sfc layer (58m) AGL

LAYER=
DATE/TIME RANGE= 11 FEB 2006, 0000Z-26 FEB 2006, 0000Z AND SUBDOMAIN = 1
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2.5
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LAYER
DATE/TIME RANGE= 11 FEB 2006, 0000Z—-26 FEB 2006, 0000Z AND SUBDOMAIN

2.5

2.8

Wind Speed
R e 1
. 7
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" z B 2 s s 7
MODEL~RELATIVE TIME
(MEAN)
2.1698

2=WRF BASELINE 4-KM

MEAN ABS ERROR OF TEMP (C) VS. TIME
= sfc layer (58m) AGL
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% z 4,.)
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Temperature 4

" 2 3 . B . 7
MODEL~RELATIVE TIME

(MEAN)
2.1698

2=WRF BASELINE 4-KM

MEAN ABS ERROR (DEG)

MEAN ABS ERROR (G/KG)

MEAN ABS ERROR OF WIND DIRECTION (DEG) VS. TIME
YER= sfc layer (58m) AGL

LA
DATE/TIME RANGE= 11 FEB 2006, 0000Z-26 FEB 2006, 0000Z AND SUBDOMAIN = 1

g b

Wind Direction

° L L s L

) 1 2 3 a 5
MODEL~-RELATIVE TIME
(MEAN)
66.4749
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MEAN ABS ERROR OF MIXR (G/KG) VS. TIME
= sfc layer

LAYER lSf’:Bm) AGL
DATE/TIME RANGE= 11 FEB 2006, 0000Z-26 FEB 2006, 0000Z AND SUBDOMAIN
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MEAN ABS ERROR OF WIND SPEED
PROFILE FOR 6 CASES TIME MEAN

Sk

MODEL DX 4km AGAINST 1.333KM OBS
MODEL HOUR RANGE= 00 - 240 h
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112056.79
-10879.65
1985281
-18939.44
-18096.39
17294.24
+16543.50
-5850.94
15207.50
-4606.16
14053.24
-13519.74
43003.90
-2524.54
12096.94
-1743.43
11456.75
-1222.56
41028.64
-872.74
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-1601.47
1468.54
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@ 5 1.0
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ME.
PROFILE FOR 6 CASES T
MODEL D:
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MEAN ABS ERROR (M/S)
(MEAN)

4.0534
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AN ABS ERROR OF
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IME MEAN VALUE

X 4km AGAINST 1.333KM OBS

MODEL HOUR RANGE= 0.0 - 240 h

7.

T

28 -

26 -

24

22 -
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B
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2 1

L L ==

Temperature

32.45
a

16852.13
14967.98
13407.79
12056.79
10879.85
9852.81
8939.44
8096.39
7294.24
6543.50
5850.94
5207.50
46086.16
4053.24
3519.74
3003.90
2524.54
N2096.94
r1743.43
1456.75
1222.56
1028.64
872.74
736.19
601.47
468.54
337.35
215.89
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1@ 1.5 2.0
MEAN ABS ERROR (C)
(MEAN)
1.1638
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e
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MEAN ABS ERROR OF WIND DIRECTION (DEG)
PROFI

LE FOR 6 CASES TIME MEAN VA]

MODEL DX 4km AGAINST 1.333KM
MODEL HOUR RANGE= 0.0 - 240

MODEL LEVEL
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Wind Direction
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MEAN ABS ERROR OF MIXR (G/KG)
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PROFILE FOR 6 CASES TIME MEAN VALUE
MODEL DX 4km AGAINST 1.333KM OBS

MODEL HOUR RANGE= 0.0 - 240
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Water Vapor Mixing Ratig:
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