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Presentation Summary
* Winter Olympics

o Zenith and Off-Zenith NN retrieval — radiosonde
comparisons

« Radiometer - LAPS brightness temperatures

+ 1DVAR Statistics and radiosonde observation error
* Windsor Tornado

« Skew-T evolution

« Radiometer - LAPS brightness temperatures

* Next Step (LAPS-STMAS-radiometer analysis?)
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2010 Winter Olympics

 Whistler, BC, Canada

* 14-28 February 2010

* 6-hr radiosondes

* Microwave Thermodynamic Profiler

* High Resolution LAPS analysis
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Radiometer, radiosonde and LAPS grid points at Whistler



Ceilometers, radar and surface met sensors at the base of
Creekside Gondola, Whistler Mountain (776 m altitude).



Radiosonde launch site on Nesters Road at Whistler (659 m altitude)
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Nesters radiosonde (red) and Timing Flat radiometer (blue) T (solid)
and Td (dash) soundings (1800 UT 4 Feb 09) and forecast indices.
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Radiometer (2-min) temperature, humidity and liquid profiles (14 days).
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Surface Relative Humidity (grey), Pressure (dash: Ps - 900 mb) and Temperature (solid)
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Surface meteorology and precipitation measurements at the radiometer site.
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Radiosonde (RAOB), radiometer neural network (NNz=zenith and NNs=off-zenith),
LAPS and 1DVAR temperature profiles during heavy (left) and no (right) precipitation.
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Radiosonde (RAOB), radiometer neural network (NNz=zenith and NNs=off-zenith),
LAPS and 1DVAR vapor density profiles during heavy (left) and no (right) precipitation.
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Radiosonde (RAOB), radiometer neural network (NNz=zenith and NNs=off-zenith),
LAPS and 1DVAR liquid density profiles during heavy (left) and no (right) precipitation.
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LAPS radiometer neural network (NNz=zenith and NNs=off-ze
and 1DVAR temperature profile bias (left) and rms (right).
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LAPS radiometer neural network (NNz=zenith and NNs=off-zenith),
and 1DVAR vapor density profile bias (left) and rms (right).
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1DVAR - radiosonde STD with (solid) and without (dot-dash) bias, observation error
assigned to radiosonde by NCEP (grey dash), radiosonde dataset STD (grey dot).
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Radiometer liquid profile retrievals.
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Radiosonde liquid profiles (estimated).
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Windsor Tornado
e 22 May 2008: Mile-wide tornado on ground
from Platteville to Windsor CO (~45 min)

* Thermodynamic Profiler data at Boulder
(50-km southwest of tornado touchdown at
Platteville)

* NWS Wind Profile data at Platteville
* High Resolution LAPS analysis



“Windsor, Colorado, was hit by a mile-wide tornado around lunch time, and at least one
person died as a cluster of twisters carved a swath of destruction through Northern
Colorado. The tornadoes badly damaged dozens of houses, semis and cars.”
(Denver Post, 5-22-08)
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KFTG -- Denver, CO/Front Range airport 17:44:23 UTC Thu 22 May 2008
Base Reflectivity: 0.5 degrees, Precip Mode (c) UDCAR htip: /f Awww. rep.ucar.edusweather/radar/
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Strong reflectivity near Windsor at 11:44 am (local time).




KFTG -- Denver, CO/Front Range airport 18:45:33 UTC Thu 22 May 2008
Base Reflectivity: 0.5 degrees, Precip Mode (c) UCAR htip: /f Smww. rep.ucar.edu/weather/radar/
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Strong reflectivity south of Boulder at 12:45 pm (local time).




KFTG -- Denver, CO/Front Range airport 18:51:13 UTC Thu 22 May 2008
Base Reflectivity: 0.5 degrees, Precip Mode
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Strong reflectivity north of Boulder at 12:51 pm (local time).
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Brightness Temperature
Observation & Analysis

e Forward-modeled LAPS grid point
analysis brightness temperatures (Tb)

e /enith and off-zenith radiometer Tb
observations

e Comparison on the day of the Windsor
Tornado (22 May 2008).
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Continuous Forecast Tools
and Indices

e Thermodynamic and liquid profiles
from a radiometer at Boulder

e Wind profiles from the Platteville radar
(until 1700 UT)

e Continuous forecast tools and indices
generated from thermodynamic and
wind profiles are presented



Scott McLaughlin
photos

RASS DATA
INTERMITTENT

RASS cuff over 8’ tall

Winds est. 70+ MPH

In the news, a tornado
touched down to the north,
maybe 5 miles or so. (We
didn’t see the tornado, just
lots of cloud rotation.)

Platteville, CO
11:20 AM, May 22, 2008
NOAA Radar Wind Profiler Site
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0200 UT (22 May 2008): Forecast Tools and Indices from Boulder thermodynamics and
Platteville wind profiles; Gusts >40 kt, Storm Category = Weak (lower left panels)
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RAQB Config #1:

0500 UT: Gusts >40 kts, Storm Category = Weak (lower panels at left);
CAPE = 584 J/kg, MVV = 34 m/s (right center)
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0800 UT: Storm Character = Ordinary Cells, Gusts <30 kts, Storm Category = Mod;
Hail = 0.2 cm, CAPE = 1614 (J/kg), MVV = 57 m/s
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! E—
N J =l
I ( 3310
\ =
L -
1 T
l: =
4 / i 2—
AN T
7 i i 7 7 7 z 1 _5 !
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Strong; Hail = 0.64 cm, CAPE = 2326 J/kg, MVV = 68 m/s
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Parcel Data
Pres: 698.6 mb
Hgt: 2,911 n
Temnp: 4.9 °C
Td: 2.8 °C
Tmax: 17.6 °C
Wind: 226/8 kts
Hgt: 2,774 n
CAPE Storm Character
4000
) |
3000 Multicells
Supercells
2000
~—] T
1000 1 Ordinary Cell
Shear4_km 10 20 30 40 s
30 —
Dry Microburst Potential
20 Gusts > 40 kts Too stable
for upper
level
Gusts = 30 kts
10 “TSTMS
700 TDDIﬂDSthrSUDng-T
T/Tdf convective gusts )
Dep|-5 u} 5 10|
°C

Upper Level Instability Index

Storm Category

Wieak hod Strong

RAQB Config #1:

200

250

300

400

500

600

700

800
830

RAOB: RDX+PLATTEVILLE_ 2400 .CSV Zenith26 Date/Time: 05/22/08 13:00:04 KM  FT (x1000)

‘ ‘ ‘ ‘ TROP Lvl: -— m AGL T

A ) FRZG Lvl: 1900 m AGL ST

Y / cclEL Hgt: 8219 m AGL / .

} 1fcEL Hgt: 8890 m AGL | 1

/ LFC Hgt: 127 m AGL VoL

¥ CCL Hgt: 513 m AGL Vo

F LCL Hgt: 127 m AGL Y 1—235

y Water: 1.89 cm Vo4

) 'IK‘ . Hail: 0.64 cn P

L T2Gust : 23 kt S

/1 WindEx: 27 kt o

/ SWEAT: -- 1

l CAP: -0.7 | ]

1 Boyden: 98.4 T
S{TT}: —— ",I -

L KO: —= [ T,

v/ LI: -8.5 /9

/ TT: -— { T

Ly KI: - L1
Ay Tc: 13.6 °C | 3
) -~
N Storm: 192/35 0-6kn J -
s-rH: 154 0-3kn /8B
s—rH: 43  0-2Zknm f .
s-rH: -71 0-1kmn "‘ .
/ CAPE+ only: 2276 J/kg I / ]
CAPE 0-3kmn: 348 J/kg -
CIN total: 0 37kg| b1} -
DCAPE 6Akm: 421 J/kg | 3
VWGP 0-4km: 0.438 A ]
EHI 0-2km: 2.5 IRE
MWV : 67 n/s -
BRN: 16 I 5
LFC Lift / LPL 817 mb S
/) FOG FSI: - { 3
' Threat: -- -
Point: 10.9°C { B
,|| ]
l"" 4__
u -
l\i ',n =

y I

7 i 7 7 7 7 7 1 _ &
-30 -20 -10 0 10 20 30 °C MSL KNOTS

1400 UT: Storm Character = Multicell-Supercell, Gusts <30 kts, Storm
Category = Strong; Hail = 0.64 cm, CAPE = 2276 J/kg, MVV =67 m/s
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Parcel Data
Pres: 697.8 nb
Hgt: 2,911 m
Temp: 3.0 °C
Td: 2.8 °C
Tmax: 15.6 °C
Wind: 163/8 kts
Hgt: 2,774 n
CAPE Storm Character
4000
3000 tﬁumc@m
2000 Superce]lf
=
1000 | Ordinary Cell
Shear4_km 10 20 30 40 pys
30 —
Dry Microburst Potential
20 Gusts > 40 kts Too stabid
far upper
- level
- Gusts = 30 kts TSTMSs
700 Too maist for strong
T/Td convective gusts .
Dep|-5 0 10

Upper Level Instahility Index

Storm Category

Weak Mod Strong
RAQOB Config #1:

200

250

300 |/

400

500

600

700

800
830

RAOE: RDX+PLATTEVILLE_ 2400 .CSV -- Zenith26 Date/Time: 05/22/08 16:00:30 KM  FT (x1000)
‘ ‘ - : A TROP Lvl: -— m AGL 1
). FRZG Lvl: 1666 m AGL =
; ; cclEL Hgt: 8230 m AGL | 1
/ / 1fcEL Hgt: 8931 m AGL | 7
/ / LFC Hgt: 403 m AGL prj_
by CCL Hgt: 776 m AGL =
Y/ LCL Hgt: 403 m AGL I35
i Water: 1.88 cm | 1
7 Hail: 0.64 cnm —
¥ T2Gust : 28 kt 1
1 WindEx: 38 kt 10—
/ SWEAT: -— .+
l CAP: -0.8 ~
) Boyden: 99.3 P
S{TT}: - -
A —— KO: - P
v/ LI: -10.1 S
v TT: - .
s KI: — 1
Y Tc: 15.1 °cC .
LY Storm: 181/51 0-6kn 8]
N/ s-rH: 151 0-3km =
\ﬁ s—-rH: 35 0-Zkn . 95
; \ s-rH: -52 0-1lkn 1
N CAPE+ only: 2808 J/kg| | | I
X CAPE 0-3km: 491 J/kg | 7
N/ CIN total: 0 J/kg .
v DCAPE 6kn: 312 J/kg -+
/ VGP 0-4km: 0.612 =
‘ EHI 0-Zkm: 2.1 | ‘ ]
MV 75 n/s \ g 20
N BRN: 10 Iiﬂ R
N/ LFC Lift / LPL 817 mb II =
,’; ,FOG FSI:  —-— 1
3 N " Threat: - 5]
Point: B8.4°C +
‘ 3—15
44—
." B S -;—
] =0
3—— 10
' i
! I,/ T
y 4 \ ] 2_:_
; ° i i 7 z i i : 15
-30 -20 -10 0 10 20 30 °C MSL KNOTS

1700 UT: Storm Character = Supercell, Gusts <30 kts (too moist for strong convective
gusts), Storm Category = Strong; Hail = 0.64 cm, CAPE = 2808 J/kg, MVV =75 m/s
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Parcel Data

Pres: 697.6 mb
Hgt: 2,910 n

Temp: 4.7 °C
Td: -4.1 °C

Tmax: 17.3 °C
Wind: 150/27 kts
Hgt: 2,876 n
CAPE Storm Character
4000
3000 Multicells
2000 Supercells

1000 1 Ordinary Cell

Shear4_km 10 20 30 40 pys
3 - —
Dry Microburst Potential
20 Gusts > 40 kts Too stable
for upper
level
10 Gusts = 30 kts TSTMs
700 Too moist for strong
T/Td convective gusts -
Dep|-5 0 5 10
°C

Upper Level Instability Index

Storm Category

Wieak hod Strong
RAOB Config #1:

200

250

300

400

500

600

700

800
830

RAOB: RDX+PLATTEVILLE_2400 ZenithZ26 Date/Time: 05/22/08 19:00:00 KM FT (x1000)
‘ /1 ' TROP Lwvl: -— m AGL 4
y FRZG Lvl: 1791 m AGL ] >
4 cclEL Hgt: 7575 m AGL =+
} 1fcEL Hgt: 8191 m AGL ]
{ LFC Hgt: 2081 m AGL M
CCL Hgt: 2212 m AGL .
} LCL Hgt: 2081 m AGL I—35
i Water: 1.22 cn 1
7 Hail: -— cm .
L/ T2Gust: 44 kt 1
1/ WindEx : 38 kt 10—
! SWEAT: -— 1
A CRP: -1.0 .
! ¢ Boyden: 102.5 +
S{TT}: —— ‘ ]
KO: - e
LI: -5.9 1
TT: —— \ ]
KI: - 1
Te:  19.3 °C ‘ ]
Storm: 178/53 0-6km ’ -
s-rH: 221 0-3kn =
s-rH: 161 0-2kn | | 1
s-rH: 160 0-1kmn ]
/ CAPE+ only: 1226 J/kg h I
r{ CARPE 0-3km: 110 J/kg N, 7
CIN total: 0 J/kg N
DCAPE 6Akm: 486 J/kg A=
VWGP 0-4km: 0.363 il
EHI 0-Z2Zkm: 1.3 -
MVV: 50 m/s 20
BRN: 5 | e 6
LFC Lift / LPL 815 mb I | 1
, FOG FSI: - | 1
/' Threat: -— | 51
Point: -3.9°C J +
’ |' 115
3
4—
w =
| -
,J 35— 10
'\,, 1
; =
i > ! I
7 7 7 7 7 7 ; 1—5 |
-30 -20 -10 0 10 20 30 °C MSL KNOTS

2000 UT: Storm Character = Ordinary Cells; Gusts <30 kts;
Storm Category = Strong; CAPE = 1226 J/kg, MVV = 50 m/s
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Parcel Data

Pres: 697.2 nmb
Hgt: 2,911 m

Tenp: 4.3 °C
Td: -5.8 °C

Tmax: 16.9 °C
Wind: 150/27 kts
Hgt: 2,876 m
CARE Storm Character
4000
3000 Multicells
2000 Supercells
1000 1 Ordinary Cell
®
Sheargtwkm 10 20 30 40 s
30, —
Dry Microburst Potential
20 Gusts > 40 kts Too stabld
for upper
level
10 Gusts > 30 kts This
700 Too maist for strong ™.
T/Td convective gusts N
Dep|-5 0 5 10
°C

Upper Level Instahility Index

Storm Category

Weak Mod Strong

RAQB Config #1:

200

250

300

400

500

600

700

800
830

RAOB: RDX+PLATTEVILLE_2400 .CSV -- Zenith26 Date/Time: 05/22/08 22:00:00 KM FT (x1000)
: ' 3 TROP Lvl: -- m AGL 1
FRZG Lvl: 1755 m AGL ]
cclEL Hgt: 7282 m AGL T
1fcEL Hgt: 7797 m AGL -
LFC Hgt: 2546 m AGL M
CCL Hgt: 2446 m AGL n
LCL Hgt: 2546 m AGL J—35
Water: 1.12 cn q
Hail: -— cn 7]
TZGust: 46 kt 10+
WindEx: 35 kt -
SWEAT: . I
CAP: -0.9 .
Boyden: 101.9 -
S{TT): -- =l
KO: -- =
LI: -4.3 T
TT: —— .
KI: - 3
Tc: 19.2 °C ]
Storm: 178/53 0-6km g5
s-rH: 221 0-3kn EE
s-rH: 161 0-Zkn 1 95
s—rH: 160 0-1km E
CAPE+ only: 755 J/kg I
CAPE 0-3km: 43 J/kg 7
CIN total: 0 J/kg N
DCAPE 6km: 467 J/kg =R
VGP 0-4kmn: 0.285 Rl
EHI 0-2km: .8 P
MV : 39 n/s = it
BRN: 3 4
LFC Lift / LPL 815 mb 1
, FOG FSI:  —-- 1
/ Threat: —-— 52
Point: -6.7°C T
' 315
4—
N T
| 3_%—10
. i
Al 2
\“‘ \.“ “" ——— 2 -
-30 0 10 20 20 °C MSL KNOTS

2300 UT: Gusts <30 kts; Storm Category = Weak;
CAPE = 755 J/kg, DCAPE = 467 J/kg, MVV = 50 m/s
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1-hr radiometer Theta-e with Platteville WPR (Denver sonde after 1800 UT ) winds.
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g radiometrics

Next Steps

Assimilate radiometer temperature and
humidity profiles to 1 km height, and liquid
profiles in LAPS analysis.

Include STMAS in LAPS analysis

Generate continuous forecast tools and
Indices from radar + surface met +
radiometer LAPS-STMAS analysis?



