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Abstract. Based on the Shandong S-band dual polarization Doppler weather radar data, sounding data and
surface precipitation observation as well as the environmental background features, severe rainstorms are
divided into the thunderstorm gale (accompanied by severe precipitation or hail) dominated type (referred
to as “mixed type”) and the simple severe precipitation dominated type (referred to as “precipitation domi-
nated type”). Three types of minute precipitation magnitudes are considered for each type of rainstorm.,

and comparative analysis of the low-level dual polarization parameter characteristics of severe rainstorms in
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the six different scenarios is conducted in this paper. The results show that as the magnitude of minute
precipitation increases, the low-level reflectivity factor (Zy) and specific differential phase (Kpp) of both
types of severe rainstorms increase. The differential reflectivity (Zpz) and correlation coefflicient (CC) of
“precipitation dominated type” rainstorms do not show significant changes, while the Zpz and CC of
“mixed type” storms decrease. This indicates that with the increase in magnitude of precipitation, the
number of large-size hails in the lower layers of “mixed type” severe rainstorms increases, resulting in the
decrease in Zpg and CC. For high-intensity precipitation above 2 mm » min ', the low-level Z;;, Zpr» and
Kpp of “mixed type” rainstorm are concentrated at 50. 5—57.0 dBz, 1.7—2.7 dB, 2.4—4.3° « km ', and
CC is above 0. 960, while the low-level Zy, Zpr» and Kpp of the “precipitation dominated type” rainstorm are
concentrated at 49. 5—53.5 dBz, 1.2—2.1 dB, 2.5—3.9° « km ' with CC above 0. 970. This means that
most “mixed type” rainstorms contain a large amount of small-size hails around 5—10 mm during high-in-
tensity precipitation. These smaller hailstones tend to melt into larger rain droplets in the lower layers, in-
creasing the Zp value and also making the echo intensity Zy higher than that of the “precipitation domina-
ted type”. At the same minute precipitation level, the low-level Z;; and Z; of the “mixed type” rainstorm
are greater than those of the “precipitation dominated type” storm, and CC is smaller than that of the “pre-
cipitation dominated type” storm. This is because the former owns not only more 5—10 mm smaller hail-
stone but also some large hail particles. The larger Kyp in the lower layer of rainstorms has obvious indica-
tive significance for the two types of severe precipitation.

Key words: severe rainfall, dual-polarization radar, parametric characteristic, comparative analysis
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Fig. 1

(a) The horizontal polarization Zy, (b) average radial velocity V', (¢) correlation coefficient CC,

(d) differential reflectivity Zpg and (e) specific differential phase Kpp of a “mixed type” convective storm process

1 “BRER'EBAATEERAXERESHTEHE
Table 1 Average value of key ambient parameters of “mixed type” and “precipitation dominated type” convections
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Fig. 2 Dual polarization parameter box diagram of (a) “mixed type”

and (b) “precipitation dominated type” convections
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min~ ' DL FREK TR A 275 B K Kop ~F- 448 1
RF“BEAK A ETL” 00 2~3 mm » min ' FEK IR
B AR K Kop - BIE RS /DN T Bk g 547,

1~2 mm « min [ IR A L7 [ OK 5 R
KR FERSREEIK Z Zor  Kop Bl CC P2 (B 1 25 {H
S5k 2.2 dBz,0. 9 dB.0. 3% « km ' fl —0. 009,
2~3 mm « min"'FEIK IR A B RR FEOK 5 U FEOK
FHIGRFEIK ZiZow Ko F CC P B 19 22 15 53 5]
0.7 dBz,0.5 dB, —0. 1° « km ' Fil — 0. 007,
3 mm + min ' DL EFEOK TR G B K 5 K
FHRSREEIK Zn s Zog Ko F1 CC - {H 1Y 2248 73
N 2.3 dBz.0.5 dB.,0.2° « km™' f1—0. 010,

F2 “BEEE5BRAATFE"ERKIERSEIT L
Table 2 Comparison of dual polarization parameters between “mixed type” and “precipitation dominated type” severe rainfalls
P P P Yp P P yp
[ oK i Zy/dBz Zpr/dB Kpp/(® ¢« km™1) cC
. R K 25 7Y

/(mm + min~") X [A] T X [H] T X i) T [X. i) T

RA 49, 5~54,0 51.7  2.0~3.2 2.6 1.7~2.6 2.1 0.965~0. 985 0.971

[1,2) P K b 3 7 48.0~51.0 49.5  1.4~2.1 1.7 1.4~2.1 1.8 0.975~0. 985 0. 980
P 2.2 0.9 0.3 —0.009

A 50.5~53.5 51.9 1.8~2.7 2.3 2.2~3.3 2.8 0.965~0. 980 0.970

[2,3) [ K SR 3 50.5~52.5 5.2 1.5~2.1 1.8  2.4~3.3 2.9 0.970~0. 985 0.977
21 0.7 0.5 —0.1 —0.007

RA 51.0~56.0 53.7 1.9~2.4 2.1 3.4~4.4 3.8 0. 960~0. 980 0.968

=3 [ 7K g £ R 49.5~53.7 51.4  1.2~2.0 1.6 3.3~3.9 3.6 0.975~0. 985 0.978
Z1H 2.3 0.5 0.2 —0.010

e TP A [ 6 TR 5 e 7K XU AR LB 4R =
FRAE2E 5 5 R AN R E UM, W TURG
S [ 7 2 R BB CF- 2 AT, 0 22.3C), 700~
400 hPa frAE W /Y 12, T 25 R e 4 S 78 R AR
AT Jon s ok 30 XU R 00U o T T e R
PR (Rl IR ER 0 CJZ my BEBAR L T B Hp i [ 2580 1
MBk 0°CJZ g B2 LA I I 0 e AR Z Rk 5 B i
i R S L ] B 3 2 A5 788 20 D /0 1Y [ 25 s 1
AR AL Za XKL R/NE N U Z ok X RS

KL B Rl A 1 KA RL DR/ U AR Ras-
mussen and Heymsfield(1987a;1987b) ,Dolan et al
(2013) BF 5% B AR 5 #H X B2 2l 100 %0 B, 40 4 R~
10 mm VK& T #% 2 km J5 A fl 4k 580K R .
15 mm B VKL LG BER Y 8 mm A 47 (5
FHFZh 54 dBz) . “IRA B R FEK KRBk 0 C
JRREAE 3 km A fy, T 2 km o E AR AR AL TE
1 ke & B2 L RLIHG TR 807 5 A /K XU AR 2 1 B R
R AN T 10 mom (8 PRORERE 5~ 8 8 45 e » DT 32 2
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K ZuZow 25 dB LA B Zo (5D F i /N
CC, Rl Ak 1 DIAE R -2 AT 3 350 Kop 38 K EE 2 3 B 47
SEAE . K Ry 32 5 R K R RURAT TR IR R 2 A
BEmiRIR o CRmE, TRBERS CFY AT,
7.5C), TERIAEGHE LB AU BT
JEAXHI /N B FAE 0 CRR R B EURIK 0 C R EEZ
TP /NI DKARRL - R 5 B L TR E AR
A IR 4l B SR R AR AR /) o 2
W Zu 1 Zoedi /Iy CC K

1~2 mm « min " fl 3 mm « min ' EFEK,
TR AR R K ) Ko F- BE R K T B K £
AU, Kopp IX 8] {8 1 PR B 5 4w oK, 456 CC X [AME T
BR A /)N » 22 B TR & 207 5 e K UK 2 Koo AN AXAT
TE 55t ViR B2 B VRS ORE T HL AT Rl AR 1 oK R R T
P CR o AN A VR A5 L 1 i B 45 by 0% il A 1) oK AR
TR E Ko 36 ) B K Ry 32787 58 B K XL 2%
IR )2 A 2 I 5 e VR BE SR F- . 2~3 mm +
min~ ' FEAK L TR A TR BE K Ko P BE R /D T B
Ky R SR X B A A YL TR S TR A
RS B AR 2 Wk 7K Oy B iR R K R AR 3R I A
o TR R SR T

3 &4

ARSCRIH AR S W B SUfi I B 3 400 9% 6k Xof
2019—2021 4F 5—8 J] W25 [ /K KU IR )2 A TRl 4
BB K B R Am PR 2 8 R AE R AT T 43 0. HE T S B
AN T A7 850 i A A XU A1 23 Al i R AL 22 S 114 P 855 K]
FOM = Y AR A IR 258

(1) Bl 5 43 9 7K ik G038 O 7 Ao IS 7R B o 7Kk XL
FARIZ Zn T Kop AB I 2Z 38 K5 B 7K Sy 32 807 XL 2%
Zo M CC ALY &, “TR A AV K Zow F1 CC I
JIN o Uk B B A AR K R G R R S R XU AR )2 R
SRR K, “TRA A" KELE R Kk
BT L, FEZow 1 CC /N, “FEAK N K
AR Zow 0 W 5878 Ak 22 WIS L K/ Bl 5
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MR EK 0 °C )2 i B2 K B8/ UK FE AR 2 Rl ik o KW
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TR Oy £,
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