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Doppler spectrum for 1 radar range bin:
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hail rain

Lvelocnty at min. hail size :

2 main tasks for retrieval of the
hail size distribution bin-by-bin:
Doppler velocity - hail size

signal power - hail frequency
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Halil Doppler spectra

Deutscher Wetterdienst g
Wetter und Klima aus einer Hand [\ ‘

, LMU| MIM

10

Height (above radar) [km]

supercell 30 April 2021 MHP

Find hail events near (or directly above) DWD C-
T band radars spring 2021 — fall 2023:
120 _ news reports (TV, online)
i - eye witness reports (ESWD)
\l’ F110% - radar volumescans over Germany since 2021:
5 vertically integrated ice (VII) ~ fh(Temp) Z,dh
-100 &
N g
5 ~ 15 hail events
Tp] g . 7
A with 'usable' Doppler spectra
N
=20 =15 =10 =5 0 5 10

Doppler velocity [m s™1]




Deutscher Wetterdienst g
Wetter und Klima aus einer Hand [\ ‘

Hail Doppler spectra miv

supercell 30 April 2021 MHP

10
120
81—
£ | £ 1103
CRCE 3 s
© i 1100 S
g g ®
o @] c
Q0 Q @)
L ) @
) - —
=) N =) S
= % £ o
? 3
AY
NI
0 T T T T T T T 0 T [ T T T 1
-20 -15 -10 -5 0 5 10 -30 -25 -20 -15 -10 -5 0

Doppler velocity [m s71] Doppler velocity [m s71]




Deutscher Wetterdienst g
Wetter und Klima aus einer Hand R ‘

Hail Doppler spectra

MIM
supercell 30 April 2021 MHP supercell 22 June 2023 FLD
10 10
i I Common features: 0
g g - 2 precipitation modes -
= - up- and downdrafts 2
g 61 3 ©] 2
© o -100 8
()] (V) —_
g 3 2
g 4. g 4 L 90 E
2 o 21 80
o
TAN
T 70
O T T T T T T N T 0 T T T T T 1
-20 -15 -10 =5 0 5 10 -30 =25 -20 -15 -10 =5 0

Doppler velocity [m s71] Doppler velocity [m s71]




Comparison of HSDs
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Hail size distribution N(D) [mm~* m~2]

Hail size distributions:
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Hail characteristics:
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Correction for vertical air motion
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ail rain

Uncalibrated power
or
Spectral reflectivity

Lvelomty at min. hail size :

Minimum hail size = D,;:

Vertical wind = vp(Dyir) - V(D pmin)»

Vpy: radar Doppler velocity

v: terminal fall velocity (v-D relationship)




Correction for vertical air motion
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Uncalibrated power
or
Spectral reflectivity

Lvelomty at min. hail size :

Minimum hail size = D;:

Vertical wind = vp(Dyir) - V(D pmin)»

Vpy: radar Doppler velocity

v: terminal fall velocity (v-D relationship)

Height

D, i, = 5 mm?

Measured
D's questionable

Doppler velocity [m s~

Match times
+ compare

Find appropriate D, via

hit rate (= hailstone number / m? s):
radar-derived vs in situ hail sensor
v(D) from Heymsfield et al. (2018)
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Correction for vertical air motion
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Only 1 hail event (variability of hail intensity + few in situ hail sensor data)
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Correction for vertical air motion
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Hit rate [m—2 s71]

Only 1 hail event (variability of hail intensity + few in situ hail sensor data)
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Radar—hail (cor)relations
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Radar—hail (cor)relations
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Retrieved vertical windspeed [m s71]

Retrieved vertical windspeed [m s71]
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Radar—hail (cor)relations
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Volume scan: ZDR
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Volume scan: RHOHV
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Deutscher Wetterdienst
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Summary

» Typical halil fall velocity v_h(Z) in m/s, uncorrected and corrected for vertical wind:
Z_linear = 100-1dBZ
(-) v_h(Z2) = 4.45 Z_linear0-67/6
(-) v_h(Z2) =2.44 Z_linear0-67/4
(-) v_h(Z2) =3.30 Z_linear0.67/6
() v_h(2) =1.77 Z_linear0-67/4
« Typical hail fall velocity v_h(width) with width = standard deviation of hail mode:
(-) v_h(width) = 8.04 + 3.84*width
(=) v_h(width) = 6.15 + 2.83*width

« Vertical (air motion) wind speed v_air(dBZ) in m/s in hail region:
(-) v_air(dBzZ) = 2.55 — 0.15*dBZ

« Can we resolve non-uniqueness with polarimetry (= RHOHV)?

PROM meeting 2024, Leipzig 22
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Extra: postprocessing
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10 20
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Extra: postprocessing
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Extra: Radar—hall (cor)relations
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Extra: backscatter power law
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Radar—hail (cor)relations
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Extra: Width vs. reflectivity
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