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Three-Body Scattering Signature (TBSS; Zrni¢ 1987)

 Weak reflectivity “spike” or Z
“flare”

e Colloguially referred to as “hail
spike”

e Often used to infer the existence
of severe hail for NWS
forecasting
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Schematic of Three-Body Scattering Signature

TBSS is EM radiation scattered:

(1) from high-reflectivity core
to the ground,

(2) from the ground back to n — R 855 gate
the high-reflectivity core,
and then

(3) from high-reflectivity core

back to radar antenna.

(VanAlstine & Kumijian 2022)

Utility of TBSS to estimate hail size?
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Beam height

Zrnic (1987) theory: -
h
B
VrBss = Vhailcore T W? Length of
t f / ™~ TBSS flare
Doppler velocity

Hailstones’ vertical motion
in TBSS flare

Doppler velocity in hailcore

Hailstone fall speed increases monotonically
with size (e.g., Heymsfield et al. 2018)

HYPOTHESIS: The Doppler velocity in TBSS is related to hailstone size
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Detroit, Michigan
2015 - 05 - 27
Marginally Severe <5 cm.

¥ Methods

Zp

Z_ 5.05° KDTX 2015-05-27T18:51:42Z

%o
30

-40 |

5.05° KDTX 2015-05-27T18:51:42Z

2 6
\
5

4

Ph 5.05° KDTX 2015-05-27T18:51:42Z

-‘éo‘

30
\

.40}

50+

-60 +

-70
-80

1

20

"‘o; PennState



Detroit, Michigan KDTXZ
2015 - 05 - 27 2015-05-27T18:51:42Z

Marginally Severe <5 cm.
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KDTX Observed vs De-aliased Velocity
2015-05-27T18:51:42Z
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Detroit, Michigan
2015 - 05 - 27
Marginally Severe <5 cm.
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Detroit, Michigan

Marginally Severe <5 cm.

Est. Hail Sizes [cm] for Hail Regions & Mass-Diameter Power Fit
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Key Takeaways

e Does it work?

— To an extent... There are a few cases where it not perform well, but
overall, it does show to be promising.

 Future improvements?

1. More dual-pol variables brought into analysis for evaluating observed
TBSS properties and sensitivity of hail size estimates.

Evaluation of the environmental conditions

2.

3. Comprehensive analysis at each radar elevation angle for detecting
strong convective storm updraft’s influence on the hailstone vertical
motion.

 Limited by scattering physics.

aev5019@psu.edu
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Z, Correlation Coefficient, and Velocity
220.5°-224.5° Averaged KDVN 2014-04-03T05:45:45Z

ZH, Correlation Coefficient, and Velocity
251.7°-253.7° Averaged KEWX 2021-04-29T00:27:19Z

Hail region for Max Z, located Hail region for Mode Z,, located Hail region for Max Z  located Hail region for Mode Z located
62.12 km from radar with 60.62 km from radar with 129.88 km from radar with 129.12 km from radar with
beamheight of 4.58 km beamheight of 4.46 km 80 beamheight of 3.90 km 30 80 beamheight of 3.87 km 30
60 v = -0.36939 + -26.08 *4.58/r |0 80 v =0.99172 +-34.90 * 4.46/ r 0 v =3.6179 + -89.08 * 3.90/ r =L v = 3.8863 + -94.30 *3.87/ r =
x x x
2 T = . 205,
3 w9 n W g e
= E = apl el £ = €
= = e = e T £
) = N 15 = = 0 =
s TP 4 g g 5 g
1-20
N NS . N
, 0t -25
0 5 10 15, 20 25 0 10 20 30
range in km range in km range in km range in km
Hail region for Median Z  located Hail region for Manual Z  located Hail region for Median Z,, located Hail region for Manual Z, located
61.12 km from radar with 60.38 km from radar with 130.12 km from radar with 127.12 km from radar with
beamheight of 4.50 km beamheight of 4.44 km beamheight of 3.91 km beamheight of 3.80 km .
8 v = 0.57576 +-31.94 *4.50/r |0 80 v=1.227 +-36.54 *4.44/ r 80 v =3.528 +-87.39 *3.91/ r 30 80 v = 4.5949 + -109.04 * 3.80/ 30
x x x x
= L9 g0 3 . = 0. 260 *
8} w O 2 D D
o £ O 10 ¢ g 2 1 105" &
NS £ < 40! £ S & = 40 ' E
a e G c & E & <
2 T 9 W g @ T @ < b '3
2 > 2.20f S5 2 i st B >
2 S -20 F F
N N - N N
ot 25 ; x o
0 10 20 30

40 60 20 40
range in km range in km

60

range in km range in km

Hailcore Reflectivity = = Hailcore Reflectivity Fit
Flare Reflectivity = = Flare Reflectivity Fit
Hailcore Correlation Coefficient O Flare Correlation Coefficient
Hailcore Velocity Hailcore Velocity Fit

Flare Velocity Flare Velocity Fit

Hailcore Reflectivity = = Hailcore Reflectivity Fit
Flare Reflectivity = = Flare Reflectivity Fit
Hailcore Correlation Coefficient © Flare Correlation Coefficient
Hailcore Velocity Hailcore Velocity Fit

Flare Velocity Flare Velocity Fit

® 00 x %
Q0D % %

Hail Size Variability
KDVN 220.5°-224.5° 2014-04-03T05:45:45Z

Percentile
10th 25th 50th 75th 90th

Hail Size Variability
KEWX 251.7°-253.7° 2021-04-29T00:27:19Z

Percentile
10th 25th 50th 75th 90th

“i|ManuabZH SMedian Z‘H -Mod; zZ, |:|Ma;< ZH‘ “i|Manual Z, SMedian Z‘H -Mod; Z, |:|Ma;< ZH‘
4t 1
B ¥ D : ~157 ?
CN) £
SRR LI 1Y B R 5 v
5 Q! h E 3] .q S0l o 1
ST T TR TLAPT RO
= 1
i L 5,000 0907 000" geg? gegt
! L Lo Co . .
0 v ! !
.”)0 .%\’ \f’ .’19 1 1 . N | 1
& o%‘z‘ Qv 00:30 00:40 00:50 01:00 01:10
Time (UTC) Apr 03, 14 Time (UTC) Apr 29, 21

#Recults PennState




ZH, Correlation Coefficient, and Velocity
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