538 5 2 W NI Vol. 38 No. 2
2014 43 f Chinese Journal of Atmospheric Sciences Mar. 2014

Fha, FRCE, BIEESE, 42014 UERLT AR RERAE Z AR IE S AT I (], KRR, 38 (2): 201-212, doi:10.3878/).issn.1006-9895.
2013.12176. Wang Lei, Li Chengcai, Zhao Zengliang, et al. 2014. Application of 2D habit classification in cloud microphysics analysis [J]. Chinese Journal
of Atmospheric Sciences, 38 (2): 201-212.

“HER TR S R ARE IR
FHE 2 HT PRI A

& FRA OBEE HERC sHERC MRS

1 bRt R 2B KR SR R, dbat 100871
2 AL NSRBI, bR 100029

B OE AXNETFE R TR RS & ﬂ@%f%ﬂﬁﬂ’p%ﬁ%ﬁ&ﬁ*ﬁm AR R
FIER U S EUFEIE R4 2 8 FhRAY, ARtk ZaBak. AR, Bk, Bk, ASABIR. AR
PRAER . RN Z5 UK ER R, A TEHKBUK S ERUKOK S BN E k. BJa N1z AR 2006 4 4
A6 H—IR WHERMBRIIBARIEAT T 2 Bgs b, R SRy ZSATER. AHUNER 18 H AT Yy
78%, H A FCHRORL T I H IR R IR R IR BT G o AR AK = ABOK B i BN TR . DK ERIR S R
NFBEKZ, AR PBOK S RIPIIMEA 0.01 gm™, KOKERF P 0.007 gm™, UKEREFHBE P

1oL,
KEER UKL TIRIRE BERRE PRI
XEHS  1006-9895(2014)02-0201-12 HRESZES P412.24 P426.5 XHERFRIRTS A

doi:10.3878/j.issn.1006-9895.2013.12176
Application of 2D Habit Classification in Cloud Microphysics Analysis
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Abstract A method was introduced to classify two-dimensional particle images collected using optical array probes.
Cloud particles were grouped into eight types on the basis of particle morphological parameters, including tiny, linear,
aggregate, graupel, sphere, hexagonal, irregular, and dendrite. Mass and habit were assigned to each particle according to
liquid water and ice water contents. This method was used to analyze cloud microphysical data obtained by an aircraft on
April 6, 2006, in Beijing. The occurrence frequency of the aggregate, graupel, and hexagonal, was 78%. The fraction of
graupel increased with an increase in particle size at four temperature intervals between —20°C and 0°C. The liquid water
content, liquid particle concentration, and ice particle concentration of the nonprecipitating clouds were considerably
smaller than the same values of precipitating clouds. In the detected nonprecipitating clouds, the mean values of the liquid
water content, ice water content, and ice particle concentration were 0.01 gm >, 0.007 gm ~and 11.9 L', respectively.
Keywords 2D habit classification, Cloud microphysics, Aircraft observation
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Fig. 1 Measurements used in the habit classification analysis. x is the
pixel number of the array image in the direction of aircraft flight, and y the
pixel number in the direction of the optical array, the perpendicular
direction to the aircraft flying direction; d is the pixel number on the
longest span length of the particle obtained from the coordinates taking
the x direction as the abscissa and the y direction as the ordinate; w is the

pixel number on the d-perpendicular direction, the width of the particle
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Fig. 2 Examples of rejected particle images
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Fig. 3 Examples of the habit classes: tiny, linear, aggregate, graupel, sphere, hexagonal, irregular, and dendrite
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Fig. 5 Airplane height, air temperature, and LWC derived from FSSP versus time
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Fig. 9 Vertical profiles of liquid and ice particles concentration during aircraft falling
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A6 D CATLER I 45 H 73 B A OAP-2D-GA2
IR EEARALTE I 225 L7 3] 329 L', Jupess
(2010) 204 TAbHTHBIX 2004 4E 8 A 15 HI—X
PR SE R, 5k B B Bl B e Bl L, 3
OAP-2D-GA2 [FPF UK ik N 0.73 L' % FB&
BRI UK ik B 2K T LR AN b

R BN Rl g R, FEFET — 2 mH
=, HAE 2800 m LA FIEAAE— 2R, A’
MUATRE PR T2 = L =, ik
s N BLE 2 T0AL, VKoK & R s KA
AE 25 JEE ML o Fleishauer et al. (2002) A A4 1E 2 Tl
BT HR I A K R R e R, 7E 2 B PR HE BOK
AR () B KB P 2R A M R R S I IE 2 —
H T 2 Tk D, S EORASKAE 2 T0n] B
FREAFAE T 22

Fleishauer et al. (2002) %} 6 N7 2 = B ¥
SERREAT T AT . AR 2 B AOK & B AR
0.01~0.15 gm™ {JEZ, FSSP IKJELE 1.0~127.5
em N, CPHWE K 38.3 em®, OAP-2DC
JEAE 0.1~73.9 L7, “FEIKEN 98 L', K3 N
Fleishauer et al. (2002) X} AR & 2 B0 45 51
g5 RSO R BB AR K R s, H
IKEEAE 0.005~0.03 gm >, ~FIE A 0.014 gm >,
FSSP WETEH A 1.6~8.7 ecm >, “FEIWKENR 4.0
em o UKEIRIETEREY 7~37 L7, PSS 14
Lo ASSCR B BAR I B oK & 526 3 (g 1Al
Lb#g /N, FSSP 5 Lt Fleishauer et al. (2002) %5
PR BEEE N —N e, SRS B BRRK 2 B
ML RARLCEL MR Z, RIABEK 2 FEER K 22 1]
AEAEMT 22 5

A SCHH 4R BG4 B AR R B AR
I IR BER Sk OAP-2D-GA2 SRER k1~ K45 3k
ITT R, KB 0~20°C & JEVEHAERE 5°C I
—ANAIRR,  Th AN IR RUEE IR A5 TR - I AT P
HH LA, T /N T 140 pmy 140~495 pm,
495~1005 pm. 1005~1665 pm. AT 1665 um 3t
SR . 3R 4 45T IR e K BRI

P TRV R R AN, T BRI 3 SRR~ 337233
A, Rk 147708 A, S ETA R SR
(1) 43.8%. 3 5 45 T RN 771 % OB RIS RS
L IR

Fz3 HMIBHBEESTMIRNER [#58 Fleishauer et al.
(2002)]

Table 3 Cloud depth, LWC, and temperature comparison

[from Fleishauer et al. (2002)]

1B m)Em WOKER RESC
gm’

Heymsfield et al. (1991) 200~500 0.01~0.12 —29~-—31
Hobbs and Rangno (1985) 100~1000  0.1~1.3 —45~—26
Hobbs and Rangno (1998) 30~800 0.02~0.14 —1~—31
Paltridge et al. (1986) 300~700 0.01~12 —6~—11
Pinto (1998) 130~290 0.005~0.1 —13~—20
Tulich and Vonder Haar (1998) 200~800 0.03~0.31 —10~—23
Lawson et al. (2001) 4000 0.0~0.2 0~—23
Pinto et al. (2001) 50~430  0.01~0.08 —12~—31
Hobbs et al. (2001) 90~350  0.02~0.23 —5~-—21
CLEX 400~1500 0.005~0.35 —0.9~—31

T4 “HNTEREEMREER LLMEIIKE
Table 4

temperature intervals

Number of images analyzed for different

A F 155
140~ 495~ 1005~  >1665
<140 pm
495 um 1005 pm 1665 pm pm
0°C>T1>-5°C 22 994 363 50 4

—5°C>T1>-10°C 530 41619 18433 3316 707
—10°C>T>-15°C 904 61884 43803 6014 480
—15°C>T>-20°C 102 4870 4084 1218 128

0°C>T7T>-20°C 1558 109367 66683 10598 1319

/NTF 140 pm I/ INIRRLFAE 0> T>—20°C i
FEX AN B 99.9%, JLFHT A /MR 4 itk
BRI, BT /NR I ALSOG R s>, LLTE &
GRS PR INANOPIRCE = SRS F 2N AR U 9N
TR AT 0> 1> —5°C i X 7] f) 495~1665
um, FHAZIEEE X A A 495~1005 pm [ H BUAE
H 11.6%, 1005~1665 pm ] H IR Ky 28%;
BRRLF AR 1) I8/, Ho 1005 ~1665
um IR 1.6%, TifE D>1665 pum KI3E
FIN, RAEWRKT LT T Hh 4ok 245, i1
TR SRR, ISR R SN
FeRbL T HILAE D>495 pm e F A, L H A2
A i S AT S s Rk 7 E IR 140<
D<1005 pm FEFE N, Hig K HIERA T —5>
T>—10°C, ik 30.6%, EREHRL 1Al BEEMA K
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WA AT REZERR VK i 7S A TARVK & =2 A fE
140<D<<1005 pm (TG P, HILHIUmZIL KT
50%, i P IR R UK IR . AR
JPRVK BB TE 1005<D<<1665 pm 0 [H ¥ HH ISR
K, HAE 0>T>—20°C WHJEX A (1) F24 L BUUR
h30.7%; BORUK A I ISR AR N, JLTARD
BB, HAE 1005<D<1665 pm [ H BLAERAL K
3.5%.

Korolev et al. (2000) FJH Korolev and Sussman
(2000) $&H 7R 2R =1 OAP-2DC 3k
IV GRFBUAR AT 7 b, FER IR 7 A BR
AR AR EHRFESIR YR AbNh7E D
> 125 pm PR FRASFUPIRRL 1 d7 R 2 4 (84%),
ANFIDUPLRORE 11 HE B0 256 ot A 40 P A A1 v 348 o
B IR B R 1 KNG O A S kg

B TR A )RR, L AR, Btk oS
RS AR AT UL S Korolev et al. (2000)
P& A FUPIRAR XS Y, ASCrh D>140 pm (13X PY
P A AR 78%, BE/NT 84%. Hir
TOTRRL 7 1) HH 3400 %6 2 Bt B 5 il %) PR A1 g 34
i, 5 Korolev et al. (2000) 5 H FEIASHLN R T
(AR R B — 5

7 it

T RHURL T R ARG, 4kl IR 7r 2K
BOARGE R i AR IR Sk 23t 2= TR ) B 25 R 1) G
SRR, R RBGZEOR, A BRI AT 5 1k
TR KRR FIRIZEIR . BeAh, mT AR
() — e B B RSk T A 35 (1 B B G A RO oo 1 5
RIAFE, PEEG PR R B AE, B

x5 “HENTESREMZEESEER IR
Table 5 The frequency of occurrence of particle habits
W B IR
<140 pm 140~ 495~ 1005~  >1665 pm <140 pm 140~ 495~ 1005~  >1665 um
495 pm 1005 pm 1665 pm 495 pm 1005 pm 1665 um
0°C~—5°C 100.0 8.5 0.0 0.0 0.0 0.0 1.9 11.6 28.0 0.0
—5°C~-10°C 99.8 7.4 0.0 0.0 0.0 0.0 0.4 23 8.6 11.9
-10°C~-15°C 100.0 8.2 0.0 0.0 0.0 0.0 0.4 0.9 4.7 14.0
—15°C~-20°C 100.0 11.5 0.0 0.0 0.0 0.0 0.8 0.8 1.8 7.0
0°C~-20°C 99.9 8.0 0.0 0.0 0.0 0.0 0.4 1.4 5.7 12.1
i RN (2N
<140 pm 140~ 495~ 1005~ >1665 pm <140 pm 140~ 495~ 1005~ >1665 um
495um  1005pum 1665 um 495um  1005um 1665 um
0°C~-5°C 0.0 0.0 0.0 0.0 100.0 0.0 0.0 5.8 8.0 0.0
—5°C~-10°C 0.0 0.0 0.0 23 48.8 0.0 0.0 14.5 49.2 39.2
—10°C~-15°C 0.0 0.0 0.0 1.4 51.9 0.0 0.0 16.6 59.4 34.0
—15°C~-20°C 0.0 0.0 0.0 1.2 383 0.0 0.0 24.4 66.3 53.1
0°C~-20°C 0.0 0.0 0.0 1.6 49.1 0.0 0.0 16.4 56.8 38.5
W etk INFITBAR
<140 pm 140~ 495~ 1005~  >1665 pm <140 pm 140~ 495~ 1005~  >1665 um
495 pm 1005 pm 1665 pm 495 pm 1005 pm 1665 pm
0°C~-5°C 0.0 22.7 2.5 0.0 0.0 0.0 64.6 54.6 0.0 0.0
—5°C~-10°C 0.2 30.6 10.8 0.2 0.0 0.0 58.5 64.7 1.2 0.0
-10°C~-15°C 0.0 25.8 13.6 0.2 0.0 0.0 61.3 62.0 1.7 0.0
—15°C~-20°C 0.0 16.1 13.7 0.3 0.0 0.0 66.5 51.3 1.7 0.0
0°C~-20°C 0.1 27.2 12.8 0.2 0.0 0.0 60.5 62.0 1.5 0.0
i AFRNR Betk
<140 pm 140~ 495~ 1005~ >1665 pm <140 pm 140~ 495~ 1005~ >1665 um
495um  1005pum 1665 um 495um  1005um 1665 um
0°C~-5°C 0.0 2.0 24.8 40.0 0.0 0.0 0.3 0.8 24.0 0.0
—5°C~-10°C 0.0 2.9 7.4 34.4 0.1 0.0 0.1 0.3 43 0.0
—10°C~-15°C 0.0 4.2 6.7 29.6 0.0 0.0 0.1 0.2 3.1 0.2
—15°C~-20°C 0.0 5.0 9.1 25.8 1.6 0.0 0.1 0.7 3.0 0.0
0°C~-20°C 0.0 3.7 7.1 30.7 0.2 0.0 0.1 0.3 3.5 0.1
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DRSS 3SR E7N S VAT (3 VARSI N i
AR, 55 RN ASBE R B H R o By
eo ASCEMWPRI TR RS, HEHH T 4l
BELIRL P AR, g5 0Kk—K sk R, S
TEKE RFRERTHE . Ba, VI
T 2006 IR CHLERM LR b 1) ST BRARAE .
FELE R

(1) 4R IR FEBARALE 2006 1K &
HLERI G FE A 1 45 5 5 Korolev et al. (2000)
A FAILL, ARSCRRERAR. B ANAE
PR ASEEUPIRZR I H 5 X W 1) Korolev et al. (2000)
(AN KRR 1) R B, e rp gtk 1A H B
AR I H B T 5 P AR AR o 484 o ) 9

(2) £ 2006 = AR FE T, AEFEK =
HIRK & & MR IR B . DK BRI BE /N TRk =
HIX AR, HLHPBoKS & R IRE A B L
W2, MUK SRR B ZE AN K.

(3) £ 2006 4 CHLERMEFE T, AEFEK =
WK BB IEME R 0.01 g m™, VKK EEY
{E 0.007 gm™, VKEWKTHSE TR 11907
H AWK S B 5 Fleishauer (2002) 45 Hif)—Lbgh
AHEC BN

AP H AL, RS BT, K
UKARRL T 5 R Sk AN 4h Fa i o Ja T ik 2>/ ok
LY VA P =0 V) €Y A RS LB U /NS & I P8 9N 1]
T N A bR R N . B, RS
UEPE 273X L8 /N DK SRE T2 B TS S5 A G B
B, TIEESRIE . Korolevetal. (2011) i
TRHLBUKA B PP A AN MR K 45 B b, W12
TR T UK oL 1R I R 45 SR )52 . Korolew et
al. (2013) S04 TR 32 T 4516, e
T B UK ok 0 B 2 A 2, i FSSP
PRI S5 FAEL T UK = 18T . g Jilk—2
KW 2D PR HIRE 1% o3 A oSk B IR Y
filiil,  HLBERE R R A9 NG i R A v B ] f
AR Sk, AEXHFER TR A, T8
TR ANEE L (PR~ UG R ] LA 53 5 BRI R 1
SR AN RETE AT BRIXFE (I o o LT (1 131
R P8 A TG AT AR T B — D 1)
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