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Basic Physics and Retrieval Method

= Multi-channel microwave observations are
converted to brightness temperatures using
the Planck Radiation Equation

= Air temperature, humidity and liquid are
linked to brightness temperatures by
Radiative Transfer Equations

= Neural Networks convert brightness
temperatures to temperature, humidity and
liquid profiles
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Planck Radiation Equation:
2hv’ 1
¢’ (exp(hv/kT)-1)

B(T)=

Chandrasekar Radiative Transfer Equation:

B.(1) = B(L)exptt,)+ [ BTG o, ()exp] o (s)ds) ds

Westwater et al., Principles of Surface-based Microwave and
Millimeter wave Radiometric Remote Sensing of the Troposphere,
Quaderni Della Societa Italiana Elletromagnetismo, 2005
(http://radiometrics.com/wp-content/uploads/2013/02/Westwater QSIE_2005.pdf).
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Radiometer — Radiosonde Comparison

= An MP-3000A was operated during the 2010 Winter
Olympics by the Canadian Met Service

= Radiosondes were launched at 6 hr intervals

= Off-zenith radiometer retrievals demonstrated
accurate performance during rain, sleet and snow
up to 20 mm/hr

= Radiometer and radiosonde temperature and
humidity profiles correlate up to 10 km height

= Wind direction and precipitation are highly
correlated



Radlometer radlosonde and analysis grid pomt locations




Radiometer and other sensors (776 m elevation)



Radiosonde launch site (659 m elevation)
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Severe Storm Warning

= Severe thunderstorms including lightning,
torrential rain and 100 mph wind gusts
resulted in 22 deaths and widespread
damage, leaving millions without power
for five days in Washington, DC.

= Forecast index time series derived from
local thermodynamic profiles showed
extremely unstable conditions and risk of
100 mph winds more than seven hours in
advance.
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High Impact Local Weather
Warnings >2-hr in Advance

= “ ..ground-based MWR observations can be
used effectively to predict the occurrence of
thunderstorms at least 2 h in advance.”
(Madhulatha et al, 2013)

= High Impact Local Weather includes: Fog,

Lightning, Hail, Rain, Gust Fronts, Turbulence,
Wind Shear, Icing
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THE NATIONAL WEATHER SERVICE IN FORT WORTH HAS ISSUED A

* TORNADO WARNING FOR... CENTRAL DENTON COUNTY IN NORTH CENTRAL TEXAS...

* UNTIL 630 PM CDT 3 April 2014

*AT 547 PM CDT... STORM SPOTTERS AND DOPPLER RADAR OBSERVED A DEVELOPING
TORNADO 3 MILES SOUTHWEST OF KRUM... MOVING EAST AT 20 MPH.

* THE TORNADO WILL BE NEAR... DENTON AROUND 605 PM CDT... CORINTH AROUND 615 PM
CDT... SHADY SHORES AND LAKE DALLAS AROUND 620 PM CDT... OAK POINT AROUND 625 PM
CDT... KRUGERVILLE... CROSS ROADS AND LAKEWOOD VILLAGE AROUND 630 PM CDT...

4:00 PM CDT S

==~ COUNTIES: Collin, Denton |
* CITIES: Denton, Little Elm, Mckinney
UNTIL: 4:45PM CT
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Sigma Soundings

Combined radiometer and gridded analysis

Sigma Sounding — radiosonde comparisons
during stable and unstable conditions

Strong upper level wind shear before tornado

Supercell and halil (>3 cm) probability

= Automated Strong Storm Category alerts

(lower left in following slide)



LAOE: 3-4APRld MDL DAOE.CS3V / Z2014-04-03 15:06:14 Level? Combined data K FT{{J\QDDJ
451 of l4zd b 100 —— e
Cor- CAT Carb. |Fime Cloud LLWS Eoyden: 96.6 + P
- - : COL Hogt: 1058 m AGL 3
[ e |2 | =[n]|3 %ﬁﬁ Trail Ice ; Er.ﬁ.rtoj [ / by Hi: ae E oL I w0
Clearfk LI: -7.0 5 L_H
= I e LPL: 972 uh 3
[ Mixineg Hetk: 73 m AGL =
o5l i Water: 3.15 cm En “‘_‘x‘.\_——'
= 1 8I: -E.2 14 =
TGS J, MeanMixDat: 13.4 g/kg 5_45@
o Lift mode: Surface Base =4
= 3¢ RIM: 454 =1
2 Shear:® Zkm: &.03 fl03/s 13 \&\.3___‘
- 21 " BhearV ekm: Z30sE57 kts =B
o KI: 25.7 I i —
1 } } 1£&-F] ccl-EL Ko: -zo.7 =
550 B00 B0 200, ¥ A StormO-6ku: 262/28 kts T %’ﬂ
Freezing Lewel (mb) ¥ TT: EL&.1 =
o DCAPES. Okm: 376 JT/kg =
£ SWELT: 460.2 na
(APE Starm Character L . Ag{TTir 39‘-&% 5_35&-/"
og~Advect: 3
4000 4 Fog~Radiat: 41% 4
) W Fog FSI: 40.0 0 =
apopi Auliceks N Fog Point: 18.6 °C 3-
Fog Threat: 1.4 I
300 ¥ —  FRZG Lwvl: 3833 m AGL g 3
2000 F ” 3tn Elew: 248 m I
Vent Index: 507 m®/fs I w
1000] Ordinary Cells L CAPE total: 2236 J/kg I
- WindEx- 29 ks 84 v
CAPE+ omly: 2287 JI/kg 315
: CAPE. .Hail: 3947 I/k I v
Shear A4 10 20 a0 40 mis 4[][:] I I Hail: 3I.33 oo g 7 —E— M
30 4 +
Diry Microburst Potential / A G —;jm%/
500 L A = N~
==
o Busts » 40 kt= Too stable l 9 W
¥ | 600 < S
el 4 9
o Gusts » 20 kts oM " /Z" T \/
TO0 Tow moist for strong ""'-...____/ 1 _5:1 .
TiTd convective gusts 700 T I \ o~
Dep |5 0 5 10 , ER
ic " —
Upper Lewvel Instability Index i En TR
i [ p B
Ch 1
Starm Categany ER
RPM = 5% 900 LCL I
. _ - 0 3—o
. | — W
— 1050 . . . . . . : —
Weak  Mod  Strong =30 -20 -10 0 10 20 a0 40°C

RADE Config #1:

Midlothian Sigma Sounding 3 hours prior to Denton Tornado



Weighted Forecast Index Totals
provide
High-Impact Local Weather Alerts
(previous slide lower left corner)

Can be customized by Forecaster
to optimize local alerts including
fog, lightning, convection, hall,
icing, low level wind-shear,
turbulence, etc.
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Sigma Sounding vs. Radiosonde
during Stable Conditions

= Good temperature and humidity agreement
at all levels during stable conditions

= radiometer — radiosonde station separation
>30 km

= 1DVAR radiosonde-equivalent thermodynamic
profiling accuracy (Hewison et al, 2006; Cimini
et al, 2011)

= Full suite of continuous Forecast Indices
derived from Sigma Soundings during all
weather conditions
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Sigma Sounding vs. Radiosonde
during Unstable Conditions

= Significant boundary layer temperature and
humidity differences during unstable conditions

= Differences stem from large local temperature and
humidity variability during convection

= Stability indices are strongly influenced by
boundary layer thermodynamics

= Convective forecasting hours in advance with
radiometer derived forecast indices (Madhulatha et
al, 2013; Ratnam et al, 2013)
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All-Weather Accuracy

= Microwave profiler in operation at
Pearson International Airport

= Co-located radiometer and precipitation
sensors

= Rain rate greater than 60 mm/hr

= Off-zenith methods are accurate during
heavy rain (Xu et al, Atmos. Res., 2014)
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Weather Modification

= |daho Power operates MP-3000A’s for
aircraft cloud seeding operations

= 3D mapping of supercooled liquid cloud
seeding targets

= Accurate performance during heavy
precipitation using off-zenith methods
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Powerful Local Weather
Forecast and Nowcast
Technology

= Radar Wind and Thermodynamic
Profiler System (RWTPS)

= Sigma Soundings: Combined RWTPS
and Gridded Analysis



Radar Wind and Thermodynamic Profiling System (RWTPS)
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