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WE b EETF (BZ<S0 pm) d4e A it ﬁ%mmx%ﬁkﬂ@g%&% A | REEIA
ELmA R EETORBELENSFETFASEALEAN LB T ZHEFLABOLEAT | R = B T
W — Ak, KA TR IR & £ F 34 (cloud aerosol spectrometer with depolarization, | #4L;

CAS-DPOL) Ff il & %2 F 4 3k 5 5 04 2 A & R TFAT A, 8 it #F ILA 7 ok se sk A, | R ALA R

AR —EELS TN B AR, ATHES R 5 EmBAAEARZNELE | T
2021 £ 5 A 23 BALAREL G —RMMNER WiTTEMNEEALY AL A K | CHRIK;
BB R KA AR R R A R I E EE-1~-8 CHE=R b mRmHxtds | ATHRARA

BT R BT TiA R 80.18%, =AM vA RS AN £, A A 4hid AR =M A& ;R
RAT A 2 AT AT R B X T 5 om Ak b ik A il A A 69 T PR E 35 AR R AR T
AE0 b, RALAESLRALI T A g R L KRR E AM B LK, ZAENB FA-(EHE
KMEMAFE)HFE C MR B RGE KRR SH,

YER—FAEwE EE A = AL IR & H & = (mixed
phase clouds,MPCs) &3 i £7 7 T HLER K S, 78
IKIE B SR G 5 T RE O il bl % AR A

#B7> (SLF) 1 0 C AT BREF IS 1 2 v/ K i, 1D
Ve AL I v 23 BT A S 5 v K R R
TV K B AR R 2 R L 25 R AIL A R 4G vk Sk B

(B RPHAE, 20185 80 A3 ,2019) . IRAME =R H AR AT IE A 4~ 20 7% 1 H S8 A1~ ( Cober and Isaac,
B AR BN 5 RABUR A — DRREAHERN K, 2012;8A0F5,2024) o Bboh, mh X — il % =

BRIl B WE 58 2R B, 42 Bk R B 50 ((Global Climate
Models, GCMs) {8 A TR A 25 = A8 3 ¥ 0 HH 358
41 (super-cooled liquid fraction,SLF) , 58 & K =
FOE R, S BUK I 2 23 SO 3 22 1 R B 2 R 5 v
Fo XA BB A AR 3 AP X 4 bR I 3
TG B VE . PR A ek HJEE’JET“%T
T L H Al (Tan et al.,2016) , EG M= H il & WAH

JIT 2RI 3 V8 KR L3 e N TR () 1T () ARk i
I%jﬁﬂ( HH AR, 2001 HEHERE ,2012) o (BAE R AR
T2 = F K ¥ B 5 7l B9 Wegener-Bergeron-
Findeisen 1 it , HAEIR G AHAS = i i R A B IE A Fif
— # 89 W 58 (Korolev, 2007 ) , T % Wegener-
Bergeron-Findeisen 33 F2 1) E i 3 £ DU 40 8 1~ X 13X —
b AR PPV 2 TR I /NI R 1 HE R R
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Huang M S,Li Q B,2025.Development of data processing methods for the cloud aerosol spectrometer with depolarization ( CAS-DPOL)
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HH RS XA A = B AT B 2 Ve M
T I ) — i 2 207 5 A R BRI
JIr 2 2 1 01 2 D) it AL T AT R T 0l 2 B 51 41 il
% BT B Y #% ( cloud imaging probe, CIP;
precipitation imaging probe, PIP; two dimensional
cloud probe, 2DC; two dimensional precipitation
probe, 2DP; two dimensional stereo particle imaging
probe, 2DS; high volume precipitation spectrometer,
HVPS) ( Knollenberg , 1970 ; Lawson et al.,2006 ; % £
PS5, 20215 B fORN AN fE 3, 2022) | 3 T CCD
(charge-coupled device ) 48 L % 15 I & J5 B A4 Y &5
(cloud particle imager,CPI) ( Lawson et al.,2001) I
ST 2 0O B R 9 28 (forward scattering
spectrometer probe, FSSP;cloud droplet probe, CDP;
cloud aerosol
droplet probe, FCDP ) ( Baumgardner et al., 2001,
2014) o 32 PR T 67 B g I i I A BRI, 2k T R
B RPRL T AR S VE AR PR 0 2 A — R0 AR BR A A 2K,
LI T OERE Sk 1 3RO PORE 7 HE A R ), — B2
RICR AR B D BA S MR R M EE SR R
% #| 20 4~ L _E ( Korolev and Sussman, 2000 ) , B} X}
THe/N PR N 1S wm (9 CIP i 5, HALREXS 75
pm DL EORL AR ORL T B9 A 2 2R AT A S0R B AR T
CCD MI#LI CPI Xt T 30 wm L b4 42 (4 BRI IR b
T-HYIR 5 45 W b 3 AT §E ( Mcfarquhar et al.,2013)
B4 Ry i v /N AL AR AE 30 wm RLR, A,
o UG BN 5 k8 S J0 58 A il Tk /R AR 1
T R TR R o G~ BIUH BORAE I /MR AR KL T
J7 AR T 62 BB B AR 1R BORL T BROE 10 2%
fET FET Mie HUR BRI, AT e A 30 &R 5 i 1) 150
SR 5 BE DR AR B 25 R R AR T SR B kL 1 S
Ti) IS0 DI 0 B 3 3, 45 5 ) IO A S D T AR
HH DR 5~ B A 2545 B, B 40 B A i 4 D0 D RE B =

ki T3 1% ( backscatter cloud probe with polarization

spectrometer, CAS; forward cloud

detection, BCPD ; cloud particle spectrometer with po-
CPSPD;

depolarization,

cloud aerosol
spectrometer  with CAS-DPOL )
( Baumgardner et al., 2014, 2017; Gallagher et al.,
2014) o AR E A H BT A A SC TSR BT X L
TG U i I A B 2R AT A 25 U AT 5T (Jiang et
al.,2019) fH [ N AR KL b B 22 28 /Y ik T 27 1
S 00k ) 430 % 32 R ASUA T 1] RO I A RE ) B ok
T 1%4% (FSSP ,CDP CAS FCDP) , HA7 fii # il ¢ )
AEAY 2B T3 ACFE [ B A0 DL o A SCPE & FEAL 21

larization detection,

TRATLER PIOULIN B S e B, % 2R B oK AR Y 5 -
12 N AR i 266 8810 o kL 35 A BA i
iz I 5 T E Y CAS-DPOL, HAE by = U I AR 7KL
F1% {% (cloud, aerosol and precipitation spectrometer,
CAPS) H)— ¥R 3 #52 T KL b i 8 KHL T 2021 4E 5
RAZ 57T M5 R XA N T3 AR IF #1757
AL VKR . BAR BA 2B TSSO RE B &
KL 1%L CAS-DPOL 7] fif Yok A2 7E 0.3 ~50 wm ) =
LA 285 31 [ 80, DA T P e 5 3o 8 7K 2 DX
PR RN 2 M B RS PRAEs TAES
FEH IR A B S ooB TSR R OCEE R, I I
A W BERZA A 1 I 45 R — 5 42 i Ak P L B
ARICRHLERI 1) = BRSO BAE B o

A F A G Ik = kLT 1% A ( CAS-DPOL)
AR R A B 5%, DA B 3 IS 2 b1 A S AH 5C Y
F L IR B EE A B F 5T CAS-DPOL fE N T3 i K
FITRAHIL B AR A I 45 48 b A T

1 UFEITIERE

{4 2= HL -3 {X ( CAS-DPOL ) & T K Hi 5t 1y
St I 4 R ¥ ( Baumgardner et al.,2017) , /£ %
BT RERTE 09 25 00T, 38 2 U 5 kL 28 2 A 4% R
FE XI55 380606 oA BAE RS I &t R0 T 1) S
O 5 B R AR UKL TR 42 . CAS-DPOL (#5630
e — K N 658 nm 1Y L R Bk BOG AR X BOG AR
K —E BG4 RO RO R A AR R AT
D, kT 2 i AU R AR X 5 HOLR KA E R
23 J T JG  0 O O'G k TE H S A A B
A6 LRI 2%, B AT 52 B R /S O 6
0, JEG e 1) O O ORI 40~ 120 )5
Toa] FRCS ' 1 WA R A R 168° ~ 176°, B AN ) A 1Y
JtaE I AN 1O OR .

CAS-DPOL A] il 5t i) fr 4% 71 il J2& 0.3 ~50 pm , 7
T T RS DN 6 7 a8 T B B O 2 S A AR I 28 Pk
Jo e PR A L AR i T 2 ORI G hL X
(A 2 L, B 5t ¢ (depth-of-field , DOF) ; 1iij 7 — 4>
PRI Z8 W FR AR AR PRI 5 o A 25 Jo o 425 o 6 e 2
WCE Y FETRAT 5 K TR0 A B0 25 19 6 5 A 5 B BT
B R A AR R T SR Tl sk . MiAE G
Te] HECA 0 3 T [ A A ) R L T AR
i, Forp N0 SR S ) HCR R B T g — 1
e 1) A S 1) O R R . 5 1) S AR
Lo, J5 U G 1Y 5 S ORI AR O R B T,
I3 2 X8 i v S O S AT DA SR BSORE 198 R AH DG A5
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Fig.1 Schematic of the CAS-DPOL instrument

S T — A R I I R BROE | oK S AR EKOE | 9
FEAR OB FIE AR5 8 Al AR BRI A M5 B
2 {URBELE
2.1 ZHFHESERERE

TEF FH CAS-DPOL i il ki + 15 B #47 b + B
WA, Glen and Brooks(2013) #8 T IR &
o 6 BYMEE, BIKE 5 1) HOR 09 i U 23 B9 B () 5
S T B SR BE (P A LG HEAT IR AAL, BRSOk
T B EE (8) o

8=S/P, (1)

Glen and Brooks(2013) 45 H iz 2~ = b F 5 %
G IR 45 ST AR O Ll M A R A 2O, I
CAS-DPOL Jit it 45 J5 In] B O A1 B2 9F 9F F 47 19
180° fHJE 5538 fib LU (9 BE & 28 o), BROE i BEL i 31
S0 D P LR L T 00 A ] & 28 52 56 1) KL 1
05 0% 3 B HOAR A AT A € LA 0.9 Dy B A9 I Bk
JE ki T Y54 A . T Baumgardner et al. (2014 )

1 AMZFHESKNAENEERIIEER
Table 1

TEAR YR = B T 154X CPSPD Hy ki 7 4H 25 S 3 v 1 5
K FH T 3B A FEME G, I A T (B A UL AN A1 7 0L
i e 3 28 R TR A 0 5 ) B, 25 AR 3R AR A L
Bk 0. 6 B AT LR AT WL S8 500 R = ok FAHAS . (H S
Glen and Brooks(2013) & H 1 1R f Lt A o =S/P
FH It , Baumgardner et al. (2014) 7E 81 5% b okt g FH =
(2),Hp
8=S/(S+P), (2)
7 (1) 530(2) 72 CAS-DPOL fiy#H 2%
15 B B v iy 1 22 57, FATT sk # CAS-DPOL 7&
2021 4E 5 AN AR R T B 4 DA =
XA B AT X bE 36k, 2R J5 R DA TR AH R 2
e e R UL RN EOR AR A O A NS R LR N (R e S L |
XD ERX(2) WIS . BAREY BCE T g5 5 a3k
1R , NR AR 25 R & TE A R A = X
B (2) HeaX (1) AT DR B o 2 W i 5.
I, 75 CAS-DPOL ) = ki HH 2545 B 5 i ik 1 =X
(2) 1E H B s be A 3+ 2K

Comparison of the two particle-phase identification methods during the selected flight period

S/P /NF 0.9 S/(S+P) /T 0.6
ik 0 5 ] (A 5 ) WIE/C ORTFRUA , -
BB R/ RmB RmER/
20210523 17.05:09—17.05:29 3.10~3.60 2 596 2 283 87.94 2 452 94.45
20210523 17:05:35—17:05:47 3.00~3.20 1462 1216 83.17 1 404 96.03
20210531 14:22:10—14:22:19 3.00~3.10 1078 796 73.84 813 75.42
20210531 17:20:11—17:23.28 3.00~7.47 53 088 39 46 75.24 4 794 89.65

2.2 WEEHFIRA
RS R s 4 S 0 o 2o R o IR 5 R T (RS
I 25 ) R AR SR A DRI, 23 5 93k 1R DR &
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55,2016) o H A48 R 73 B AL B 2 B AR 5 I
AR 2R F T B 2R i 1 J5 %, B Korolev tips”
(Korolev et al.,2013) , BAR I A oT £ 0, RE& %
2R v n] LAA Ak 20w R 5 i AR SR A X,
R TCVE RS . HET R A RO T AR SR R AR
Uiy 5 5 T I 35 B ) ) B ) R A 0 R VR A 4
FEA R A TR [ H C 28 i B T30 15 o0 T
ASBIF 5 AR ASC s 0 5 7 5048 SR P 3810 32K I (18] [ od ) 28
(B 7 125 AT 1 — 20 B B R R TR S R . TR X
HL, L 20210523 Ak 18:05:43—18: 0555 (Jb 3¢
BF, R RD 33X 1208 mh g — /s B 2R D0 A5 41 Sy 451 >k 1) 1
A GEAER R R A SE It B . B SR B AR
WX 12 s AR+ 3135 {0 g SR AE XA B ), 2R 05
PR IR AR 5 F— R 19 3 35 I 8] 22, BORL
B B 3K B[] [ B 5 78 BB Al b X R 31 3k (] B 4k
P 047 5 7 B e it IR F 2 A5 10 T ik 3R IBORE
3 35 B[R] () B 08 43 A G T ARRAE, T AR BIEX 12 s
DAL PR R 1)K B (8] a] B 23 A1 52 30— > B i L 25 45
0 2 s . A PFRC R, BUERSR TR K
A T] A 285 e s Y 2 AR = HPORL 1 22 1) Y 4 A R) B
Rt i [ 25 ) 2 R 2 A O A I R 3 e A SR A
X5 B 8 7 (Huang, 2021) , PS5 i 2 B —

I 32 P 1 (L R AT K AR 1 TR O 0 B, X PR

BCP1A) 2 et ek [ A 285 A (L P R 119 2 5 3K R — > R
150 "= A . q
::100 L . __ N
M_, =
i‘i‘ n
50 F m‘ [
0 _nmrd'll_lﬂmﬂm_l A Hl'l_. o

0.01 10
?Uﬂsuﬂﬂlﬂrm/ms

K2 20210523 fif ¥k 18:05:43—18:05:55 = hi 1 % ik
R} 8] [R] B 20 A1 48 1 5 i e 4005

Fig.2 Inter-arrival time statistics and curve-fitting results
for the period 18:05:43—18:05:55 BST during
flight 20210523

2.3 EENTFIRH

R TR 8 2 R T [R]  H BAE A AR A
2% B R I B G A — AL I . A TR i B
22 B T I RL 5 22 3 A R A DX 20 i [

(transit time, TT) 4 . K 2B I ] 55 QAL 2 3
O A RN P SRR AR RN G . AT
SR A 1 R v 2 A 3 38 B ) () B — i T R A AR
/34 ( Baumgardner et al.,1985) /R, % T W =
[F) B 25 2o A 2 SR A XA A 32 Oy

P=1-e", (3)
Hp A =Ny S o Tass Ny HRTEE Ty RHLE
25T S o MAXER R AR T R 7 R 25 0 2 A A5 R A
DX BT B B A] o AN A A0 R T B 4 O 5l Ho A T
BORZEMOUN A i E0R, BRI 19 = T 5
FELL Y-12 TCHL R ERIF & B 20T, 2SR B0k
Ny} 500 cm™ T, 60 m/s,7 4y 1.67 ws i}, &
A R V1 1 S
(2014) 45 3 ©AHL AT BE7E 80 ~ 100 m/s, =5 L 1
ROk JE fe KA AE 200 ~300 em B, 25k T 55 ik [R]
KT 1 s GARKATREME I &R ESE L. ([
e, X 20210523 fjii ¥k 18:05:43—18:05:55 X —
12 s 2o 1 OB I TR R AT GE 3, X B TRf I R
BLRATHBEAE 65 m/s Zo Ay, R ¥ HOUk J o5 KA AE
40~50 cm ™ X 33 BE i A] P B 25 o 20 e ) AT
giit AR E 3, HET AT RSB o
FRF 1] 5] B F9 61 424 BE 32 43 A1 R % , 15 Baumgardner et
al. (2014 ) fy & 17 4> 6 48 b, 20210523 fii K
18:05:43—18:05:55 W Bt P 5 & 0+ 1 28 B i (1]
T ATHE SR FRORER R T , E&A 1
ZEBUN [A] e B NOE AT S wse ISR,
20210523 fjik 18:05:43—18:05:55 W} B N LA %
HESRNTHIR,

F 5%, Baumgardner et al.

400 F —

LA Ul

. Aﬂmﬂﬂﬂﬂﬂﬂ.

1 Hml_l
0 0.5 1.0 1.5 2.0 2.5 3.0
RN [ /s
3 20210523 fji 7k 18:05:43—18:05:55 = Hi T 5k
B ] 4 451 5 3 1
Fig.3 Frequency distribution of particle transit times for
the period 18: 05: 43—18. 05.: 55 BST during
flight 20210523
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3 f{Rik = HLFiE L (CAS-DPOL)
R BT R M A

i 48 = KL 3% {L ( CAS-DPOL) H Hij % 3 T
Y-1205 N TR CHL L, JF 25T 2021 4£ 5
FE N 5l AR X AR 45 VKR IR B I AN T
S KA LR (PG 45 ,2023) . N IETZE T
2021 4= 5 23 H fif 5 ) CAS-DPOL & A7l 4%
i, R A S £ 4 1) CAS-DPOL %415 4k #4 5 : 7E
N LR KA LA S CAIL SR 25 vkl v i 1z H o

2021 4 5 J] 23 H A9 ®AT £ wf A & 17—20
I, AT A B R R g 3 100 m, i A il B2 Ol - 8.9
C, CAT RN E AL T AR W O I, W 2R By
KHLRATRIE (L 4) o B4 FTHIMBER F 2R A &
LA 5 484 60 B U e 39 R A T o0 2R 6 IE b X
Y PEFRA 3 h R E AR BE A B FE KPR
Bz B A 3 5055 153 0 7 i, MO 78 o T
J£ 6.9 km, X i AN fa E g B CAPE ( convective avail-
able potential energy) /N F 25 F 88 J - kg ™', ¥ iR I
XA = T AL —48 T bk CAT I 2R
17 W FF R, 20 B 45 50, (H T Gkl , 5 A At il s
[E AL FE 18:05:43—19:40:43 X Bt it 8] Y £f B8 A

35 40 45 50 55
Bl 4 2021 45 H 23 H 18:00 BRI H.0> 0.25°%0.25°% 3

h ) 600 hPa {3 i JiE (R EL, B {3 - gpm) I (4L

2, 0. °C ) 1 300 hPa i 3 2 K V- KU (% 4 B
B, m - ) A) A (SRR R AU AL E)

Fig.4 ECMWF 0.25° x 0.25° 3-hour forecast fields at
18:00 BST on 23 May 2021, showing geopotential

height ( black isolines, units; gpm ) , temperature
(red isolines,units; C ) ,and horizontal wind speed
(color shading, units; m - s™') at 300 hPa ( blue

solid line is the flight track of the research plane)
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B A S 0 R o P, S SR BN [a] A4 A
DK 9 AT 93 B, BEFEA SCRT IR 7 i AE N T3
Wi R AL A SRR UK G R B0 52 v 9 B o
3.1 @FR=HIR

Ve A TG AE N TR KW 58 I8 2 AE KL
H AR Z5 DK SR U 1 e — A EE MBS xT R AE
20210523 ik 18:05:43—19.40.43 X BL i [A] N K
PLCAT 9 VB L& 2 100 ~3 100 m, Jfr #5600 21 19
REFE-1~-8 C(E5) . WA CHLIT CATHRM Y
Zoit JBE DX (8] O R 5 R XL X sk BE I ] - CAS-
DPOL {4 #00 B0 48 47 b B, v s v i 41 2.1
TR RS (2) B HG B 2R AT R, AR BOGZ A AR I
I F) 25 L e R R v T ) S LA B (T
6) o &6 2 st Ak 10 s — A i AR T ROk 7
YAEL, T LA H 3 BN 8] P9 A P 2 L 1 R0
B RA A 50 em ™, o V8 25 Tl B0 FE B R AN 3ot
40 em™ 3 Ve A0 A B A 2R RO Y
AR e AL HE A — 2

4000

3500
3000
-

5 500}

2 000

1500

18:15 18:30 18:45 19:00 19:15 19:30 19:45
Jenting

Bl 5 18:05:43—19:40:43 & HLATI K 75 BE (PR m)
Sl (AL TC)

Fig.5 Variations in altitude (units; m) and temperature
(units: C ) during the period 18:05:43—19:40.43
BST in flight 20210523

N Yk 2B ST W S T R A A R 56
Fr P T v YT B0 B B 2 s T 0k B A
ARICTZ B A B 1] P ek ¥4 VT BLE 2 R B R o
FEtE O (I 7)o T8 7 R 2R Sy 2R IR 3 v YT 480 b
8O0, RH 52 4R SF- 1 Ak B S A B, 40 S8 R 2 % B
B [E] N 2 R AR A B, R LAE AR B i )
DRER S I 1) B P ae v 8 Ko L 2 Bl T B 1 T
R T TR o R I Ve T B H S B EAT e R
RV A AR R 13.84% , d5c i o 100% 311
{H} 80.18% , #R 4§ Korolev et al. (2003) 4 H 19 IR
G R o SRR, AR U0 s B Y = 4R LR A A
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o whi T
o A=k

BT EOHR R fem

5 19:00 19:15 19:30 19:45
Jentig

Kl 6 18:05:43—19:40.43 CAS-DPOL Ff il = ki F Bk
JEE A 3oL V8 VRO B0 BE (B cem )
Fig.6 Comparison

18:15 18:30 18:

between  total cloud  particle
concentration and supercooled cloud droplet concen-
tration during the period 18:05:43—19.40.43 BST

in flight 20210523 (units:cm )

ZAEHBA LR KON A R K S X,

-2
100 (i
k) T
J.JE[ | i
E 50 P76 =
= '
& -
= RECE el ) A
——— VRV o HL AT A R 1-8
it
O 1 1 1 1 1 1 1 1 1

1
s P A S S S
SR N RN R
JE s

K7 18:05:43—19.40:43 CAS-DPOL Jif il i< ¥ % i %X

i L (R %) SR BE (307 C ) BB L
Fig.7 Variation of liquid droplet fraction (units:% ) with
( units; C) period
18:05:43—19.40.43 BST in flight 20210523

temperature during  the

FE N T 5% M R A4 R, TF A TR0 N T3S R W
X4 N LI IR R i it . — M A = kL1
WA (FSSP) r il 2 Fi 1 0w B (>20 em ™) fE b =
DX 15 32 5 4 R 98 AR (5 25, 2001 5 B R BE 55,
2001) , Zhou et al. (2022) Bt & F] FH = ¥ T 7% 1%
(fast cloud droplet probe , FCDP) 45 yk #£ #% ( rose-
mount ice detector, RICE) Fl & 43 3% & = Fi T 1% 1Y
(cloud particle imager, CPT) Fty Wi i 4% 58 33847 40 ¥,
18 =BT RO E R T 5 em Al M AR AR o T Y
FaAn , JF ik — 2D 4R R B0 RO, 2o Ve TR AE A

(¥ T Rl R RGBT O B 5 em T A R 2
REMBUZIRE = N THRE— MRS IR . T
LTS S = LU B N/ QB u A & DIl E I LU
18:05:43—19:40:43 I} [A] Bz )y CAS-DPOL Ji il iz
Vo W B L B(E, R = R RO B T <5
<10,<20,<50 cm ™’ 3X 4 FiFELHEATSEAT (18 8) o A
Bl 8 sl LUA ), BARAE BT GL it (9 4 Ff zokL 5 80k
JENIE T, 2 v WO i o5 R B L T 75%,
AR AE R FHOKE /N T 5 em BT, HB/ME
AT 10% , QSRR DL T s (9 B0 B E kA7 Gt (
W), B F RN T 5 em RGBT HBU/IME AT
O, i HAth B 2R (9 fie /ME Xl 50% . m] LA
B A BT EE R LA R RO R T
5 em ™A bV A AE IR BRER AR LA T AR 1

100 x
R : [ - I B
= T
= I 1
p x
B - -
< 50 x
=
*
O 1 1 1 1
<5 <10 <20 <50

BB om™
8 IR 2K RO B IR VR o (LA %)
Fig.8 Comparison of supercooled cloud droplet fractions
under different total cloud particle concentrations

(units: % )

3.2 kHIFRKEE
HAT, FEMTZS M55 b Bk B 9k X 4y A
R PR E, HXENERLES s
HRKEEE M MBS e EERERER, N
I, Jeck (2002 ) 48t 7 — R AT 5, BIRE 45 vk o B2
HE5 KRR — i, B 2B 0.635 cm JE 1 LK
B 15~60 min KR EELE VK, 5~ 15 min g 5B 45 UK,
fiiF 5 min Sy E LK, BLAE, Jeck (2002) iF 4 H
TP RO 2 5 2K
SadE (4)

A SB

Hh L ZRWAS KGR, g - m ;D K 0.635
emt S [E], B 515,60 min; B A i ¥ i I 4E 4K
Ky S MBS HE, BT ckm - hT A N HOBI 2 R
ARSI KHLICAA S 0°, 28 o 216 km - h™' 4
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KR A Dy 0.001 18, AL HR By 0. 48, =i P
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Abstract Accurate knowledge of the phase of small cloud particles (d<50 pm) is crucial for understanding
cloud microphysical processes and radiative effects, which remain major sources of uncertainty in weather and cli-
mate models.In situ measurements provide an effective means of obtaining cloud particle phase information ; how-
ever,detecting the phase of small particles in airborne cloud physics observations has long been challenging. Utili-
zing the polarization properties of cloud particles to distinguish their phase has recently become recognized as an
effective approach.This study focuses on the processing and application of polarization parameters measured by
the Cloud Aerosol Spectrometer with Depolarization ( CAS-DPOL) ,a commercial instrument developed by Drop-
let Measurement Technologies ( DMT ), USA. The CAS-DPOL was recently introduced into China’s
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meteorological observation system and developed—together with other cloud microphysical probes—aboard the
Inner Mongolia weather modification aircraft Y-12.Despite its operational use,no prior studies in China have re-
ported the application of polarization information from CAS-DPOL , primarily due to the absence of dedicated data
processing methods.

To address this limitation, this study integrates and refines a set of algorithms and threshold criteria suitable for
processing CAS-DPOL polarization parameters to retrieve cloud particle phase states and related microphysical
quantities. Additionally , the inter-arrival time (IAT) and transit time (TT) of detected particles are analyzed to i-
dentify shattered and coincidence particles,respectively.

Based on these methods and thresholds, the CAS-DPOL data collected during an airborne campaign over
Northeast China,23 May 2021—under a cold vortex synoptic pattern—were analyzed.The results show that, the
temperature in the detected clouds was between —1 C and -8 C, supercooled cloud droplets accounted for ap-
proximately 80. 18% of the total particle number concentration. The cloud phase was predominantly mixed-
phased, although some regions consisted entirely of supercooled water clouds.For this weather system,a particle
number concentration greater than 5 cm ™ was found to be a reliable lower threshold indicating the presence of su-
percooled droplets, providing a practical reference for determining cloud-seeding suitability.Furthermore , analysis
of in-flight natural icing intensity indicated only minimal icing, with no conditions meeting the CCAR-25 Appen-
dix C criteria.The preliminary results demonstrate that supercooled liquid droplets can be effectively distinguished
from ice crystals using the proposed processing methods in conjunction with CAS-DPOL measurements. Although
further validation is needed, the findings highlight the strong potential of CAS-DPOL and the developed
algorithms for applications in cloud microphysics research , artificial weather modification, and aircraft icing detec-

tion.

Keywords cloud aerosol spectrometer with depolarization ( CAS-DPOL) ;northeast cold vortex ; airborne meas-

urement ; aircraft icing ; artificial weather modification

DOI:10. 13878/j.cnki.dqkxxb.20241007001

(A= H . 2 3E)

1013



