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Abstract The habit of cloud and precipitation particles is an important aspect of cloud microphysical process. And accurate
information of particle shape is the premise for the calculation of many cloud microphysical parameters. At present, the airborne
cloud particle imaging probe (CIP) based on the photodiode array is one of the most widely used instruments for cloud and
precipitation particle shape measurement both domestically and abroad. However, the application of the information of particle
shapes measured by this probe requires additional automatic particle habit identification method. In the research history of automatic
recognition algorithm for cloud particle shapes, Holroyd proposed a very representative method in 1987. However, the proposed
method has a serious defect in the particle habit classification, i.e., it uses the same set of threshold values to classify particle habits
without considering the integrity of the particle shapes, which limits its identification accuracy. To overcome the shortcoming of the
Holroyd method, an improved Holroyd cloud particle habit identification method is proposed in the present study, which uses
different sets of threshold values to identify the particle shape according to whether it is a complete particle or a partial particle.
Using the probe's image data from a field campaign, the accuracies of these two methods are verified. It is found that the improved
algorithm can greatly improve the accuracy of the particle habit classification and its average accuracy rate can reach 80%. The
improved method is then applied to airborne observation data of stratiform clouds in Taiyuan area to analyze cloud particle habit
occurrence frequency, cloud particle growth mechanism, vertical distributions of ice particle number concentration and ice water
content during different precipitation phases. The properties of ice crystals acquired in the stratiform clouds suggest the cloud habit

classification method proposed in the present study is helpful for cloud microphysics analysis.
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Fig. 1 Examples of eight kinds of particle habits

(a, b. tiny; ¢, d. linear; e, f. aggregate; g, h. irregular; i, j. graupel; k, 1. sphere; m, n. hexagonal; o, p. dendrite)
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Fig. 3 Examples of five kinds of particle habits from pre-classification

(a. tiny, b. artificial particle, c. unidentifiable partial particle, d. identifiable partial particle, e. complete particle)
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Table 1 Flowchart for habits identification
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Table 2 Comparison of average accuracies of the two methods for cloud particle habit classification
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20084E7H 5H 09:40:11—09:47:16 BT
20104E420H 15:56:00—15:56:05 BT
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Fig. 6 Variation of temperature with height above 0°C level within clouds during precipitation (a. early stage, b. middle stage)
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Fig. 7 Occurrence frequencies of the ice particle habits within three temperature ranges during different precipitation

periods (a. early stage, b. middle stage)
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Fig. 8 Ice particles images in different temperature zones (a. ~12—8°C, b. -8—4%C, ¢. -4—0°C)
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Fig. 9 Ice particles images in different temperature zones (a. —12—8C, b. -8—4%C, c. —4—0%C)




BN SE . R Holroyd zo: 3R R UM J7 9 K H R

5 YR B T ) R T, i RS LR BRI RO RS
FEDRE 7~ DALk, ASCHRORE 5 HE A LU A9 5 A g B9 T
I JL DAL A CDR AR 1 228 v RS 4 A6 ok 1, A AT g
JE DA 2o AR P BOPRORE T 55 00 M A A XL O AR R
b1 R IO OB 0 B, Xt T RE S B0 T %
DX I AT PRORE T 1 B L ) s , (LR T PRORE T 11
LA v L0 64 D DR L A ] B R b R A ORE 1 Bk v
MZER . -4 ——8°C il EAT AR T A I, e
DX 1] PRI ARORE T HE B L ) 17 i A g, (HL S B L
191 #5c =5 (18 202 kL 1, AAIET 8b B SR AR T &R A
B S22 R ) BBORE T A7 AE, T 25 HR e v 7K 5 ) 0
(L DX A 7R St B8 DX, T LA G i S B S i B 7
i B2 DX TR] A kL1~ 2R P R B T e AR .
0——4°C, B& T ik 3 Fh F 2R FIEARSD, A A
B B FE IR L b2 e, ] 8c BYKL T KI5
1 7 R A PORE T BB e T o RASIRORE
F R AR BRI = PR E A S8 0 AR AR, T
0— —4°C il B AHCHML T 19 A4 1<, 78 il B X 1] 1A
MDA T B L e, BEBH T KR B B AR 4
R A A %o 2 303 B DX 1) P R 3 G B T AR K
YRR, DRI, 2 B2 DX T (iR 5 2 RO WA B L SR I A
gEe 3 FPALH L R AR B 42

P9 AR 2 URALI , R K 3 = oL 1R AR
AE A5 TR DX (9 23 A o ol P b B AR 88 DX i
—8——12°C W B ACIRKL T4 K, IZZ KT BR TR A
AL TF1, BOPRAE T B L A9 0 B 1~ LA KA LI
HORL T A0 Y, U8 BTIZ R BT W8S KR T REJE R &
B, W BRI IR LAY B A R Lk B T R R AR
F, 3 — kAT LA 9a HARCER v & 2R 1 R O
AT FNGAE . —4 ——8C EEHERAL T, RIZIB IR
KL 1 EAE R B X JE], W] LA BRI ROk T
LAY ) L b 2 B D IA) P9 Y g, (ELZ DX A 2R
B RORE T I R 32 P RORL 5 18] 9b TR I R
R AR AR DKt 2R 5 W LA R ARCR R AR vk Bt 23R S R
A 22 DK KL B 598 002 K RORE T AR OR 2
T — & AR FEE 0 ——4°C & BB F 19 4=
K, mT LA B2 B X 1) ) ACRoRE - H B L ] 2
THABPIANIREE 2, A 9¢ HmT LUE 21 B i iy Atk
VR R, (3R G RORE T R R AR SR 2 T Y T ok
T P, TERRK K B BUEEAS 0°C JZ LA L = ok
TULRAIRME A T, h TREWR T EZ R T

297
6000
[ | | nl-
| ]
5500 - i
| |
5000 - .
—_ ..l‘. L |
g .
Z 4500 -"
o) [ ]
an) [
4000 - .
| |
| |
L}
3500 - .
L}
| |
| ]
3000 T . ; :
0 0.2 0.4 0.6 0.8 1.0

LWC (g/m’)
10 BRIz 0°C miE R U Bl ok & it
E P
Fig. 10 Vertical distribution of supercooled water above
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Table 3 Mass-shape relationships of various
particles (Holroyd I, 1987)
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