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Abstract: In order to analyze the distribution characteristics of ice crystals in cold clouds and reveal the
evolution mechanism of their growth, ice crystals are classified into 8 categories and labeled according to
their shapes and sizes. At the same time, one type of partition column is labeled for data quality control.

Then, the 9 types of labeled images are integrated to build an image dataset. The transfer learning VGGNet16
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model is adopted for identification training, and the classification accuracy of the trained model reaches
98%. The model is applied to the study of ice crystal characteristics of cold clouds in autumn. Three cu-
mulus-stratiform mixed cloud precipitation processes and three stratiform cloud precipitation processes in
2019 are selected to analyze the proportion of ice crystal shapes in different temperature ranges and the
change characteristics of ice crystal size distribution. The results show that the initial shape distribution of
ice crystal is determined by the temperature’s affecting the ratio of base surface to edge surface of ice crys-
tals. In the same temperature range, the proportion of spherical ice crystals and linear ice crystals in cumu-
lus-stratiform mixed clouds is higher than that in stratiform cloud, and the proportion of various ice crys-
tals is relatively fixed when the temperature is below —12°C. In cumulus-stratiform mixed clouds, the
diameters of linear ice crystals are concentrated in 300 —800 pm with the ice crystal size distribution being
multimodal. The diameters of aggregated ice crystals are greater than 600 pm. The concentrations at the
beginning and the end of the ice crystal spectrum are equal. The diameters of spherical ice crystals are con-

centrated in the range of 120—300 pm, and the ice crystal size distribution shows a monotonically decrea-

sing trend.

Key words: transfer learning, VGGNetl6, ice crystal shape, ice crystal spectrum
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2018. 4. 22 VLTS i HERES 14:52—16:33 400~5200 —5.6~6.5
2018. 10. 25 I=Eatiil R 15:52—17:46 2600~8000 —30.5~3.0
2019. 3. 20 T S FEIR= 08:22—10:29 2400~5100 —8.7~1.5
2019. 4. 21 RETIE Bz 07:23—09:31 4000~4600 — 4, 7~—2.7
2019. 4. 27 b EE BHERES 13:40—15:52 3000~5800 —11.8~0.2
2019.10. 4 ARV BZRES 10:40—13,14 220~5400 —5.5~13.6
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Fig. 1 Schematic diagram of particle cutting of ice crystals
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Fig.3 Structure diagram of deep convolution neural network VGGNetl6
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Fig. 4 Loss function and accuracy of each round

of VGGNetl6 training based on transfer learning
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Table 2 Test results of VGGNetl6 model based on

transfer learning in test set

BT R i 2% A ] % F1134r  FEA%/A
ESERUN 1. 00 0.98 0.99 50
I 7 A2 0.98 1. 00 0.99 50
FER 0.98 0. 96 0.97 50
L 1. 00 1.00 1.00 50
AR 0.94 1. 00 0.97 50
ASHE AR 0.98 0.96 0.97 50
LRI 0. 96 0.98 0.97 50
BROR 1.00 0.98 0.99 50
[CO=RIN 1.00 0.98 0.99 50

3 VK& AR AR
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3T 6 YILIZR A KRR K G 14 25 o
Y SEAEE . 2019 4 10 H 4 H .6 H 3% 1K
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Table 3 Macro and micro physical parameters during six typical precipitation processes in 2019

’{éik H 1 1] /BT =R *r;rﬁg ECE Eijc%ﬁ L EE ?&W&lmﬁﬁ UK e 3 h Hit
Hit5 (. HD By E] /s HE/m FE/m HE/m X [H]/C /(gem ) /(ALY FEWAE/mm

1 10.4  10:40—13:14 2806 220 4200 5357  —5.5~13.6 0.12 130 1.0

2 10.4  15:25—17:15 2252 290 4000 5972 —8.4~11.7 0.08 83 4.0

3 10.6  09:56—12:30 797 3200 3680 5359 —7.5~5.6 0.06 0.4 3.5

4 10.6  14:26—17:38 632 1510 3300 6286  —10.6~6.1 0.06 7.4 1.9

5 10.16  08:25—11:04 256 2710 2750 6252 —17.0~—0.1 0.03 1.5 0.2

6 10.24  15:25—16:51 121 1700 2900 6183  —21.3~6.2 0.02 0.15 0.2

M 300,10 A 4 HBZRA = & B,
= PR FERT ) 55 4, B 43 51 2806 s il 2252 s,
WK B R K 0,49 g o m°, vk Fh Ik B AR
KL EORATIA 1026 4> « LY, KL R 4 &5 BF X a] 4
Bk 220~5357 m Fl 290~5972 m, B K €FT i B
BARRK AT, 10 A 16 H .24 HRZR = MW, %t
H& IR 2= R SRR L0 C 2 i B BE AR 7E 3000 m 72
A BERE = ZXHEm.0 CREERT. 2R
2 PSR B Rk S R B AR T RUZ IR & = L
FEEERE -S5CRU L, —7C k3 B IEME,
Bl 6 Sk 3 v 6 I RATHLIE 5 3k Il ik & {5 2.

Pl i SR AR SR RATHLE . BT E] DL 8] 6a FRI X
HONZIR G DR & RAL T KRB B % i % i
Baag ;s B 6b BTN B ZIR A = a8 Atk b
e/ D BT 35 dBz a8 A1 X, (H 7] B oA AN
et 6c HRRZIR A o mr#l, 5K 6a LL#, %
K2 Z 4 6 0 T K AR E AR I S s G 3 Pl
] 95 98 B fe K] Ry 40 dBz; [ 6d i FRZ G =il
G AN B RZWZ R =T B 5 AR
7 25 dBz LAF 5 [l 6e J& T )20k = B0 1m0 35 55 55 HL
57, Bl 5 BE AR 15~25 dBz; Bl 61 Sy @ 2 = 40
AT b LT3 B ik [, 7R AR B T (37, 4°NL118°E)
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Fig. 6 Flight trajectories (black line) and ground-based radar echoes (colored) of each flight in Table 3
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(Aufm Kampe et al, 1951) pK & 45 ¥4 [t 16 2 /9 25 4k
A B IF RN 0°C B 2 — 25 CHb L vk B IR
PR A2 AR R < 7S T8 AOIR — B AR — 75 3 T Al AR —
FER, BARIE R K S KEREAN., R
(Hallett and Mason, 1958) Y 45 #fi, % & — 3°C Fll
—8'C S UK b TE R AR A 1 e I B o TR R DX T )
GY R AR 6 A EE DX IE] AT LS R UK S TR AR Y %
SR LRHIE . 456 VGGNetl6 432677 . et 4 i
T AR K 2 F N TR DX T)PK O T AR 1
FERE D X BZRIR A = 52 R s WK & RAE
) 5 ) . SRAEA [R) I 2 DX B) VK PR AR B0 3R 4
TE—3~0 C X[, BOR 7Kk i o 2 i, 22K 1

F4 TRBEERXEKSRERE

Table 4 Number of ice crystal samples in different temperature sections

XA/ C R HEAR BHIR RMEAR AHIER  RER i
—3~0 16243 2422 1098 1115 4544 302 800
—5~—3 31898 6134 20519 5379 9340 759 1246
—8~—5 21234 4470 2764 4493 13181 1158 1627
—12~—38 6917 1889 1041 1777 5615 405 350
—16~—12 6476 1333 662 909 5694 159 22
—25~—16 16259 2405 1268 2165 10455 92 59
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Fig. 7 Proportional distribution of ice crystal shape in different temperature ranges detected by six sorties

(a—c) cumulus-stratiform cloud precipitation, (d—1f) stratiform cloud precipitation
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Table 5 Linear ice crystal sampling statistics in Flight 3

P N ARIVKAE ALK N DRSS A
%)/ BT BB Ko /A e/ % <300 pm 300~800 pm >800 pm
105728 143 99 69 16 75 9
11.01:09 204 130 64 14 73 13
11:02:31 171 92 54 11 73 16
11:03:42 175 106 61 27 67 6

300~800 pm, /b vKEF HARLE 300 pm LAY, 4 4>
2 BT R LR VK A 427 A /N B AR 147 pm,
K EA 1059 pm,

P 8a X [ & 5 /N [ SR A Hsf 221 1) W5 335 784, Sy 9k
7N 2 BR 5 RN A 75 %5 (Korolev et al, 2013) 77 3
iR ZE NI EAEKT 60 pm WK RLF. AL
FEHEAMT 300 pm U, 350 S A 2 gl T
R a9 :300~800 pum 0 [l 3 VR B B 2050 AL 5
A 645 (1965) WL I 1 K 1 33 e AiE — B0, 2 0% 53 A

2 WY SR A FR P A7 7 25 o RUBE 1 28 BB UK W & UK vk
JER 5] T BUE R R

BB 2 UK AR LR RS 7 1T R 8GR R R
JEREKRL T A —E N R ME . i 0C 25
Tl A 7 2R R K K Rl DT 0SRG2 AR R K
BLF K1 —Fh #2098 X (Houghton, 1950) . R A
BEE AZW 3 RAFIRETE —5C. R 62k T 4
AN SR IE 2 ) D A A R BRI 2 P R A L2
30% ., RAERTPEET 50 %431 ££ 600~1000 pm i
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Hl. 5 A R AR BRI 1000 pm, 4 A %)
BIFRERAIR 145 A /N EHAR 422 pmL R H

# 1456 ym,
[ 8b X 1w 4 6 A [l i ZI ik ] 335 2 , (g TR AR A

F6 BERIBAERESU
Table 6 Aggregate sampling statistics in Flight 3

Rk K & ERERES BHk NG REREE St =AY
%]/ BT SME/A Kk /4 Lt/ % <600 pm 600~1000 pm >1000 pm
10:52:20 219 66 30 29 59 12
10:52:40 117 35 30 11 55 34
10:52:48 63 20 32 16 56 28
10:53:50 70 24 34 29 50 21

AR AR VK RN T 100 B ¥ 8
FE10U L TR Sa R 1AL R |
S S FRAE A 1 58 4 At IR . B KR
5 HROBCRERY 2 B T R R I SRR T
H25 38 A A RT3 40 5 R VK
RV HE B

BRR K 58 3o K A AT B B IR R
000 T D 6L X P A7 X 4% SR AF 04 ik

FZR K 2, [ K AL T i 8 300 1 B o SR A L 2 7E
—1~0C. R TIEF T 4 4 RAER 2109 0K A 5 5L Al
BT HAMTE AR A DK BROIR DK 7 R 4R A B UK i B
P R AR TR 8090 DA b RFEH P T — 2l
FERITRT . BCIR VK A BAR BN R Ar A 7E 120~
300 pm.d s N RIRAEBCR UK & 513 A, Fe/h HAR
86 pm, Ik K A& 466 pm,

P 8c X2 7 AN [R] ik 2 Wik sf % R A ] T e R

xT ER2HERKBERSEIT
Table 7 Sphere ice crystal sampling statistics in Flight 2

P VK i HORukE BRIk IR AR BROR UK & H B/ 0
mf %)/ BT BB/ A Bt/ A B/ % <120 pm 120~300 ym >300 pm
16:52:55 150 133 89 3 89 8
16:53:15 185 182 98 1 93 6
16:53:33 104 81 79 4 88 8
16:53:49 138 114 83 2 79 19

KA AR AR BRR VK BAR B/ . 60 ~120 pm JE
FEL P 33 o B2 2 8 B9 R [ 5 120 ~ 300 pm S [
P I B AP A AR T R A (B (R
AN S S I 20 £ % L B R s A 5 300 pem
T TR FH 1 5 [ e BLALA

1R

ARSCH 2 T 2 2 19 VGGNet16 £ 11 Xf
AR ER 4% 25 0K di b AT 0 2RI 45 6 1L 2018—2020
ARIE 10 AR H RO AL 2 VIR TR 4 L AR 0 RSO
WA RE S 5oy 9 28 KR J) 28 E ) R 6
98% . IS AIHT 3 WAEIR G = B0 i XRI 3 1K
JEAR 5 A AR BIL B I o it 1T £ 48 78 TR = R AE A
[ it 2 DX 1) PA K i JEZ AR ) 25 2 A L A [ JE AR
VI 1 YRR AL L 2598 T

(DM TR DRI L ETTEYTN

VGGNet16 15 7Y i iy 26 58 =y o 38 3o 2 Fh 2 Al A2 1 %)
BRI AT VAL L 20k 30 YRk AR B AL e I 5 4 1
HIHERR RN 0. 9858, Loss 2 0. 0654, X 4 b Ay
W% 0. 9822, Loss A 0. 0712, B T8 5 %05k o T /K
MG .

(2) ¥ BE 52 ma vk B AR 43 A » — 3~ 0 C IX ] 3R
VKA BB — 8~ —3C X i) £k B UK EL 1) i
EARTE AT R 2 0 X P B R R UK R
K VK SR IE AR FFAE 45 & Kobayashi-Prupparcher 5%
K5 —12~—8C X [ AR VK & b7 B Pr 4 5
—25~—12 C X [a] 25 2 UK & o7 bEAE X [ 22

GHOBRERAG = WL RIIK T A% B 7 300~
800 pum, 1% Y I 22 W A3 AT, K VR AN 1 50 3 30
EHRR . BAEBEET 50 %0 7E 600~1000 pm i
Bl 53 A RA R BRI 1000 pm, 9K i i 2 014
SY AT RRAEAS B S L R R R R M R AR S . BRAR
K EARSE P ATAE 120~300 pm 38 [, 3 v B A2
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