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Abstract To apply Holroyd’ s proposed cloud particle habit classification method to the ice particle measured by
airborne cloud imaging probe (CIP) in northern China, this article improves the thresholds in the Holroyd’s cloud particle

habit classification based on historical airborne measurement data, which makes the habit classification method more
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suitable for the ice particle measured by CIP in northern China. The improved threshold method is used to process and

analyze the airborne measurement data from a precipitation stratus cloud in Shanxi Province. It is found that there are four

types of ice particles with a frequency of occurrence greater than 15% in the vertical and horizontal distribution in this

stratiform precipitation cloud; three among them are relatively fixed, namely, graupel, line shape, and irregular type. The

fourth type is related to the specific cloud environment. In the vertical direction, it is dendrite (=8 to 0°C) or tiny (—12 to
8°C), and in the horizontal direction of different heights it is dendrite (5200 m) or tiny (5500 m) or plate (5800 m). The

concentration of ice particles fluctuates widely in the horizontal and vertical distribution, with a minimum of less than

1 L ™! and a maximum of more than 25 L. The maximum values in the vertical distribution are located in the central and

lower parts of the cloud. The ice water content in the cloud also fluctuates a lot in the horizontal and vertical direction.

The maximum vertical value area in the cloud is basically consistent with the number concentration of ice particles.

Keywords Ice particle, Habit classification, Precipitation stratus cloud, Airborne cloud image probe
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Fig. 1 Examples of the eight types of particle habits: (a, b) Tiny; (c, d) linear; (e, f) aggregate; (g, h) graupel; (i, j) sphere; (k, 1) hexagonal; (m, n)

irregular; (o, p) dendrite
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Fig. 2 Particle habit characteristic parameters
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Table 2 Average precision comparison of the two methods for classifying particles in the clouds
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Fig. 4  Horizontal distribution of the ice particle habits at three
altitudes (Hexa: Hexagonal; Tiny: Tiny; Grau: Graupel; Sphe: Sphere;
Line: Linear; Aggr: Aggregate; Irre: Irregular; Dend: Dendrite)

BROPRAL T A K 4 (1R B2 X VSl P9 (Wallace and
Hobbs, 2006), KM ZIEIRKL T8 £, T bL T
B2 i 5iZERELA KGR, A KN
JE A A3 W v 3 B2 1 3B /7 7E s 1 Wallace and Hobbs
(2006) F] A1, BROK G A K EBEAFE T -1~
—2°C 5-12~-16°C XPAMELEIXE AN, Ptk 5200 m
e FE R A IRDIR VK & B o5 R s R R AT e S
ERLT A E 5. 5500 m A1 5800 m & JE 5 E Y
I T JE 4 ) —8.9~-9.8°C H-10.6~-11.6°C Z
], 30K 7 AL IX 101385 Ja T BCHRRL 7 1 AR K L X
(B, 7T CLE FIF 5200 m =R, BORK TR
ARG THREMIGK, BirEad T 15% M
HIUEE, BB T KRB AR X A = B 2 3
BT BN EZEIER

Kl 5 SRR T AR 2 B UK kLT R B K
SEor A ARG GG, B AT R R
ISP 43 A AR Bl ¥ 8K . 7E 5200 m =
B, KSR TR E AL <I LT &
>16L7", FHMEA 450" MAES500 m &% 2K
K7 1] b K R B0 BE B A TR, g
EANHE 25 L7, “PIMEA 6.7L 7", MRSk, 5800 m



4 34 SEBAN A R BRMEL UK ok 7 TR 70 2807 il L

No. 4 HUANG Minsong et al. Ice Particle Habit Classification Method with Improved Thresholds ... 425
20 . : . : . : . : 03 . : . : . . . y
(@) (a)
15 - a n 4
% b N
. |
= 0.2 4
9
£ 10 "o T @ - - T
§ 1S
S &
o [ ] i () 0.1+ 4
3 5] <
€ - ] [ ]
Z u L] - s =
= ] ] = B
0d o m 0.0 LI
vI r1T gy 17Tl Y Y X ry v Y1 vr rypYrpY T & 1 T T T LU | T : M | T T T
1105:48 1106:18 1106:48 1107:18 1107:48 1105:48 1106:18 1106:48 1107:18 1107:48
Time (LST) Time (LST)
30 - . - - 0.08 . ’ . : ’ . . v
(b) (b)
-
| |
4 0.06 n i
- 06 L
| [ |
?C) 20 gy
S n "
® g - . 7
= - ] L]
= . = 0.04- i .
2 T
4 [ ] = [ ]
° 10 - - - n 4 (&) n [ . E
3 T CLL] S 002l * . =
= o ™ - " " = u
=z ™ ] L]
| = -
o] ®mE,m ] .lll.l..l
0.00 L
o 13 CA Y o Kl Bl B3 1 G Boa W Rt B 5ok K Bl K S i Bt I Bl B0 T Rl Ko b Ml ) 28 0 o) Pl E Rl ol e ) Kl B LA LI I IR TU A R R LD R RN RO B R B2 B LN 2 1A B L R RN B Sl B0 R R B B3 B Bg B B B RO RAES BY
111022 111122 111222 111322 111422 111522 1116:22 1110:22 1111:22 1112:22 1113:22 1114:22 1115:221116:22
Time (LST) Time (LST)
20 T T T T T T T T T T T v T T
(¢ ()
= | 0.06 - i
S, -
5 7] =
ﬁ - .
£ 1 7 - 1
3 E =
g - - o 0.04-
™ ~ ] []
S 104 " . . | o » i 4
g " L L [ ] - E " = u
€ [ ]
> [ ]
= " " | . .
5 - " 0.02
-
LSRN N NI L B N M B S R B NN I N L RN S MR (| L S N RO T SN LI AR N TR AR S LA B R A T L |
1120:02 1120:52 1121:52 1122:32 1120:02 1120:52 1121:52 1122:32
2010-4-20 . 2010-4-20 _
Time (LST) Time (LST)

K5 3AE 2 ke BOREZHIK T 204 . (a) 5200 m; (b)
5500 m; (c¢) 5800 m
Fig. 5 Horizontal distributions of the ice particle number

concentration at three altitudes: (a) 5200 m; (b) 5500 m; (c) 5800 m
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Fig. 7 Vertical distribution of ice particle habits’ occurence frequence
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