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Abstract: To promote the application level of hydrometeor classification for Chinese Doppler polarimetric
radar, based on the hydrometeor classification algorithm (HCA) developed by the National Severe Storm
Laboratory (NSSL) of the United States, we design an optimum algorithm, named HCA-Opt, by adding
the amendatory identification for the hydrometeor in hail and three-body scatter area, using the tempera-
ture of the numerical weather model analysis field to detect the location of the melting layer, and integra-
ting restricted condition of vertical distribution for all hydrometeors. HCA-Opt is utilized to analyze the
distribution characteristics of hydrometeor during a hailstorm cloud weather in Zhangqiu of Jinan City on 9
July 2021, and the location of the hail and the hydrometeor classification result are verified. The conclu-
sions are as follows. The type of hydrometeor wrongly recognized as ground clutter by the HCA in the hail
and the three-body scatter region can be correctly identified by the HCA-Opt. HCA-Opt can use the tem-
perature from model analysis field to accurately identify the height of melting layer, solving the defect that
the melting layer could not be detected by the algorithm in severe convective weather in HCA. Compared
to HCA, the vertical distribution of hydrometeor identified by HCA-Opt is more reasonable. Besides, the
classification result retrieved from the HCA-Opt can better describe the spatial distribution of hydrometeor
at newborn and hailfalling stages of hailstorm, and initially reflect the characteristics of phase transforma-
tion at different heights. Through the verification, the reliability of the moderate (light) rain and graupel
identified by the HCA-Opt is the highest, while that of the crystal and wet snow is lower, and easy to be
mixed with the dry snow. Overall, the HCA-Opt can improve the skill of hydrometeor identification to
certain extent, provide indicative information for warning and detecting the hailfalling area and have a good
operational application prospect.
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Table 1 Restricted condition of vertical distribution for all types of hydrometeor
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Fig. 5

Vertical cross-section of the hydrometeor classification identified

by (a) HCA and (b) HCA-Opt along the 87° azimuth angle from
Jinan Radar Station at 14:19 BT 9 July 2021
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by HCA-Opt at 0.5° elevation from Jinan Radar Station at 14:02 BT 9 July 2021
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Fig. 8 Distribution of (a) Zy, (c¢) the hydrometeor identified by HCA-Opt at 0. 5° elevation
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Jinan Radar Station at 14:19 BT 9 July 2021
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Fig. 9 Vertical cross-section of (a) Zy, (b) the hydrometeor identified by HCA-Opt
at 14:02 BT, (¢) Zy, (d) the hydrometeor identified by HCA-Opt,

(e) radial velocity, (f) Zpg at 14:19 BT, (g) Zu, (h) the hydrometeor
identified by HCA-Opt at 14:42 BT from Jinan Radar Station on 9 July 2021
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®2 202157 A9 A8 14:31—15:11 KL FEE HCA-Opt /KB WIR G 4 R
Table 2 The hydrometeor identified by HCA-Opt at Dongshan Garden from 14:31 BT to 15:11 BT 9 July 2021

s/ BB /km 14,31 14,36 14,42 14,48 14,54 14.59 15.05 15,11
0.5 1.05 RA BD.RA BD HR.BD HR HR HR HR
1.5 2.35 RA BD BD HR.BD RH RH HR.RH  HR.RH
2.4 3.54 GR BD.RH BD RH BD.RH RH RH RH
3.3 4. 67 GR GR GR RH RH RH RH GR.RH
4.3 5.98 GR GR, RH  RH.GR RH RH RH RH RH
6.0 8.21 RH RH GR GR RH GR.RH GR.RH RH.GR
9.9 13.3 DS.GR RH RH GR RH GR GR GR

ZRILAEBE Dk (14 : 487% Hb) LK (15:307% 4b)

SIS EEWARP IV SHRE Nl SOENIIA R/ Suh S RNITR

K10 202147 H 19 H(a)14:42,(b)15:05,(c)15:28 ¥ 515 0. 541 Zu K HCA-Opt iR 5 vKE 4y Aii
Fig. 10 Distribution of Zy and the hail identified by HCA-Opt at 0. 5° elevation
from Jinan Radar Station at (a) 14:42 BT, (b) 15:05 BT, (c¢) 15:28 BT 9 July 2021

F3 2021457 H9H14:31—15:11 FEEIX 0.5°1f HCA-Opt iR K EMEERLEENREES
Table 3 The shortest distance between the Dongshan Garden and the location of the hail identified
by HCA-Opt at the 0. 5° elevation from Jinan Radar Station from 14:31 BT to 15:11 BT 9 July 2021
it [a] /BT 14.31 14.:36 14.42 14.48 14.54 14.:59 15:05 15:11
B fEEEES / km 3. 848 3.578 2.281 1. 256 0.494 0.223 0.899 0.367

2% o Bt HCA-Opt X 5 17 5 8 2% K UK BEW 70

4 HCA-Opt /KEEY RSN TTFEPEIPHT  JUUlag nr bt . 5 P 2 25 5 B A 4 e 2 AT

F A4 T HCA-Opt 351 1y 5 2L K BE ¥ 26 1
AT TR R R P R SRR R A XA RS AL BB L ) Y UK R e Y
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T I X AR A] DAF L8 K BE ) S B 22 (8] ) B TR
.

& 4 HCA-Opt R B HY 10 7 53 2 B 0 328 2K BY H BT
Talbe 4 Frequency of second choice type corresponding to 10 types of hydrometer identified by HCA-Opt

AT GC BS DS WS CR GR BD RA HR RH
GC 1. 00 0. 00 0. 00 0. 30 0. 00 0. 00 0. 00 0.70 0. 00 0. 00
BS 0. 00 1. 00 0. 00 0. 00 0. 00 0. 00 0.01 0.99 0. 00 0. 00
DS 0. 00 0. 00 1. 00 0.01 0.97 0. 00 0. 00 0. 00 0. 00 0. 00
WS 0.02 0. 00 0. 63 1. 00 0. 04 0. 00 0. 00 0. 20 0. 00 0.10
CR 0. 00 0. 00 0. 96 0. 00 1. 00 0.01 0. 00 0. 00 0.02 0. 00
GR 0. 00 0. 00 0. 00 0. 00 0. 69 1. 00 0. 00 0.01 0.03 0.28
BD 0. 00 0.05 0. 00 0. 00 0.01 0.01 1. 00 0. 85 0.02 0.01
RA 0.07 0.10 0. 00 0.09 0. 00 0.02 0. 01 1. 00 0. 69 0.02
HR 0. 00 0. 00 0. 00 0. 00 0. 00 0.01 0.01 0.76 1. 00 0.22
RH 0. 00 0. 00 0. 00 0. 00 0. 00 0.62 0. 00 0.11 0.27 1. 00
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Fig. 11 Time series of the average difference
between the probability of the first and the second

choice types identified by HCA-Opt from Jinan Radar
Station from 14:02 BT to 17:00 BT 9 July 2021
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