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NEXRAD Dual Polarization upgrade allows
for inference as to WHAT scatterers are in
aradar volume

New dual pol data fundamentally relies on
differing H and V returns due to shape and
type of scatterer

Initial deployment includes a Hydrometeor
Classification capability

Simultaneous y

Horizontal Polarization

y

Vertical Polarization

* FAA funds Lincoln Laboratory’s NEXRAD Algorithm Enhancements

Program since 2001

— Operational products: storm intensity, echo tops, data quality, wind

shear

— In pipeline: dual pol icing hazards, dual pol hail hazards
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@ Dual Polarization Issues
NEXRAD Hydrometeor Classification

HCA Category Relationship to a Single Melting Layer and Icing Potential

Categories No Echo I Dry Snow | Wet Snow |lIce Crystals| Graupel | Big Drops Ligggil:od Heavy Rain Ra:_':af:nd CE;ZL:TEP Biological I Unknown
Thresholds NE | DS W$ IC GR BD RA HR RH GC Bl | UK
Above | Unknown None Icing Icing Icing Unknown | Unknown § Unknown
T::‘:I: Unknown leing lcing Unknown J| Unknown
":';';:‘f Within | Unknown Unknown Conditional|Conditional Unknown
g:::g None None Unknown None
Below None None None None None None
HCA Classification Key Icing Hazard Key
Current HCA Category Icing: Definitive icing region
Conditional: Potential hazard based on
Not in HCA/Potential in HCA " fluctuations in freezing level
None: No icing
- Below SNR or none selected Unknown: More research is needed

Evolution of Melting Layer concepts and HCA classifications
necessary to achieve full dual pol benefit
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@ Icing Hazard Levels Product
KOKX 02/24/2012 0952 UTC

CURRENT ICING PRODUCT {CIP) @ 02/24/2012 — 10 Z
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Graupel CIP shows moderate to heavy icing
severity
PIREP light rime icing 9 kft 75 km NW
, | of OKX
Love n o IHL bot alt ~ 6 kft; IHL top alt ~16 kft
i
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@ Need for In Situ Icing Missions
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* Verify microphysical conditions: Crystal
habit, ground truthing

* Validate classifications: Is HCA correct?
Can improvements be made?

* Addresses PIREP negatives: sparse,
temporal/spatial uncertainty

* Relate to radar observables

6 km-— et
5 km
Icing Exp: d
Position
1km B (R Q.' .

Difference Between Experienced Position and Reported Position =

50 km Downstream

*Snowflakes 5 km Higher Altitude
Supercooled Water Droplets

©The COMET Program

&2'3555'2“3?37 HCA = NEXRAD Hydrometeor Classification Algorithm
PIREP = Pilot Report
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@ Icing-Related Dual Pol Radar Signatures
Five Zones

Icing Hazard Levels
Product Version 1

Positive ZDR

Bright Band \
 Potential Icing Hazard 4

* Primary Crystal Growth
Region (-10°C to -15°C)

« Water and Ice Saturation
states critical

LL Category A designation

Precipitation / "

Edge
* Likely Devoid of Icing Hazard
* Horizontal Oriented Crystals

« “Cocoon” over storm top
« LL Category B designation

------
wnn® Ll
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Above Primary
Melting Layer

* High Potential for Icing
Hazard

* Complex Microphysics
* CIP rules applied

‘ Within Primary
/ Melting Layer
» Potential Icing Hazard

* Critical to hydrometeor
classifications

Beneath Primary
Melting Layer

» Potential Icing Hazard

» Additional Melting Layers

Possible

» Regeneration of supercooled

water
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Atmospheric state

Liquid water content
— Nevzorov, King

Particle imaging
Particle sizing
X-band radar
W-band radar
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@ In Situ Verification:
KCLE Icing Mission 02/24/2012

Convair position marked by cross
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Pink =ice crystals Horizontal-oriented crystals  Horizontal-oriented crystals
Blue = dry snow consistent with 3 -5 dB consistent with 0 — 5 dBZ
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@ February 2013 Buffalo Area Icing Missions

Feb,28, 2013
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5 In Situ Verification:
' KBUF Icing Mission 02/19/2013

NAWX: Band: W Variable: Z
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Regions of mixed phase encountered in vast HCA Dry Snow classification
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@ In Situ Verification:
KBUF Icing Mission 02/26-27/2013

I 0220 UTC

* Cleveland ARTCC issued alert for moderate/severe clear icing
— Known notable icing hazard region (Supercooled Large Drops)
* Reflectivity to 57 dBZ; Differential reflectivity 2 -4 dB
— Indicative of oblate large drops
* Convair measure temps in single numbers below 0°C
— Spirals and transects probe region of supercooled drops
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In Situ Verification:
KBUF Icing Mission 02/26-27/2013
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NAWX: Band: W Variable: Z
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Case needs further study to deal with complex HCA depiction and
consider SLD options
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@ 02/26/2013 NAX radar with 2DB Particle Probe

Lon (deg) -79.121 -79.427 —-79.419 —79.760
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7:48 PM pilot reports liquid
but does not realize we are
in melting

we have not seen
supercooled water

7:49 PM we want to spiral
up but still in descent right
now 7:50 pm

7:51 PM t=-1C and seeing
large drops!

7:52 PM 7:53 pm

we may have lost our
connection says Gary 7:54
pm

7:53 PM one more minute
of ascent and then will
climb back up, says pilot
7:54 pm

we can't trust the
temperature reading, says
Mengistu

it is -4C but Alexei sees
same drops | do

7:54 PM Alexei is skeptical
of supercooled drops 7 56
pm

7:55 PM first time | have
seen circles on particle
display
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In Situ Verification:
KBUF Icing Mission 02/28/2013

NAWX: Band: W Variable: Z
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Classic dry snow /ice crystal / unknown HCA case
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@ Summary

* Dual pol NEXRAD network provides great opportunity for
development of a radar-based icing hazard detection product

* Relating radar observables to microphysics and hydrometeor
classifications is key for arobust detection product

* Valuable verification and validation provided by the NRC
Convair 580 in situ icing missions in four notable events

* Mission results suggest potential to improve and refine
hydrometeor classifications that would benefit icing hazard
detection
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