Chinese Physical Society

Mﬂﬁﬁ Acta Physica Sinica

. Institute of Physics, CAS

KR F IR AR E X = AR S HON E 520

FHm Flak

Processing method for the partial particles and its influence on the cloud microphysical parameters
measured by the airborne cloud and precipitation image probe

Huang Min-Song Lei Heng-Chi

5| F15 2. Citation: Acta Physica Sinica, 67, 249202 (2018) DOI: 10.7498/aps.67.20181412
7E 28 1% 32 View online:  http://dx.doi.org/10.7498/aps.67.20181412
2 N 2¥ View table of contents: http://wulixb.iphy.ac.cn/CN/Y2018/V67/124

EATRERCH B BB S &
Articles you may be interested in

FET R IE S AR MR RAE B DK 2 T3
Recognition of hail and rainstorm based on the radar reflectivity image features
VP 224%.2014, 63(18): 189201  http://dx.doi.org/10.7498/aps.63.189201

FTBAUAGTE LIS B R AR A B A% A TR IURES 2 T BRI S s T A

Retrieval of liquid cloud microphysical properties from spaceborne active and passive sensor data based
on optimal estimation theory

YE % 4.2013, 62(14): 149201  http://dx.doi.org/10.7498/aps.62.149201

BT 0 M RMIE I R VKE R S A
Severe hail identification model based on saliency characteristics
VP 2E4%.2013, 62(6): 069202  http://dx.doi.org/10.7498/aps.62.069202


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml
http://dx.doi.org/10.7498/aps.67.20181412
http://dx.doi.org/10.7498/aps.67.20181412
http://wulixb.iphy.ac.cn/CN/Y2018/V67/I24
http://wulixb.iphy.ac.cn/CN/abstract/abstract61124.shtml
http://wulixb.iphy.ac.cn/CN/abstract/abstract54679.shtml
http://wulixb.iphy.ac.cn/CN/abstract/abstract52759.shtml

) I8 ¥ 48  Acta Phys. Sin.

Vol. 67, No. 24 (2018) 249202

BRI RRL T LI 77 7 E R EH X =3
SN ERF

FF AN D23

%Y

1) (VR 2B KRB EF, 2 MoK B 5 3R 7R 90305, JET 100029)
2) (FH0E B TR, TLHF A S RHEN 515 B I 90005, 1950 210044)

3) (FER B TR, KA R A BRI R0, F5 210044)

(2018 4 7 A 24 HUZH; 2018 4 9 A 26 HILHI&0H )

VBN e B R R DI B F) B R %, LR 5 B AORE 1 BB AAE 2 B K ) B 5 N i R AU e R
BRI WRAESE SRR, WLz BB T AR SR 1 B (b & A KB R 1 B R OO R 11— 23
e, RIESRL T RIS, MHZER T Tk e BT EA R, 2 50RMELRNMR R ER. And
FEHT T BUAT B OB T A BRI VEIIA 55, SR 3 20 PRORE 1 0 58 SCERE IR YK, B T — ARl kL
TIERARBEAR | R FAY” M HAE N T I 8 73 PORE 7 AR BTV, R sl Bl X B Uik 5
A TTFEAT T mWe S BB A R AR L, RIUASCR 745 « RiAR A" D7 ik B A R b — 2, g
B R HEARLE N 5 AR N PRI TVEAEAE O BREE; RN, FEEHERDOR T U R TE T, ASCRTR
JIVEEELE R FAL Y TR AL G B 45 SEAR R G B TR SC IR T 1 A A T R 7 40 Ak 3R R B 4 1

&N

KR WLz B AR 7 AR A, #8 RRE T, ST

PACS: 92.60.Nv, 92.60.Mt, 93.85.Bc

1 5 =

7 9 2SR K B DR - R BRI B R R A
WA LR AR, B R R R S RE T 1 A ER
IKAE A g o U= (B AE H Al A 4Bk % 2 AL
FH, mAHEN R IR = R 1 v
e A BE A = P ) B R Y o s A Rl H
388 9 1A 1) 2 B 7K ORE - I 2 0 502 TROpL ) =
TE CHLRT #3800 = B KR I R A s 1, 2Tk
H A B B A1) ) = R A5 4 (cloud imag-
ing probe, CIP) & 7K #L ¥ p 41X (precipitation
imaging probe, PIP), iX B S FRANLE = KT
BAGAX, =2 B T E N AME BT Z L =

DOI: 10.7498/aps.67.20181412

BRI Z . FIRZRACE PR U = )
BHIR— R 2K & s THORES
)z BT =B T BUE A A 7T DL S I
A I 45 R B AUESSE -1 WL & B Ak
JRARAS I AR B AR HE 5 B ORTE A A 24 2 R 11X
fe HLAE i AR P %, W 1 R, xR
FRET, BANGRR N ER IR, 5 BEARX R (1 72,
AR B AR A T8 410 3k TR BPRE T AR
SEREPORL T BRI IRRET HH I A0 T 2 S DR A R
FEARR BRI 02 58 BEAD 3 R BEAMHE -, XX A
RLT B A0 BT VEAN A 2 3 8L e BR800 1 22
Rk b,
PR T 2 5 2 M S HO H AL

* [H 5K H AR G (IHE 'S 41775166, 41705142) FIVLIRE R HN 515 BAC B E H S i0 = /VL 58 AR N AR TR0

2018 FERE A HE 4 (kS KDXS1803) % Bhfftif.

t BfE1F#. E-mail: mission@mail.iap.ac.cn

© 2018 FEYIEF S Chinese Physical Society

http: //wulizb.iphy.ac.cn

249202-1


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.7498/aps.67.20181412
http://wulixb.iphy.ac.cn

¥ 12 Z R Acta Phys. Sin.

Vol. 67, No. 24 (2018) 249202

BJ5%, H AT E B CEBARTEN (ALL-IN)”, “H
£ I (CENTER-IN)” fl “¥i 45 & #4 (DIA-RE)” =
Pt 7 i 020 B AR B AR LE Py R < rp 0 7E 7 X
Fob 7 R H AT T B B A 7 BT AN SR HIX
=P IR AL 55 DL S A AT X = b Ak 37 vk 22 1]
HATERE, BATIF LR, “BARIEN 712t
128 1) % B\ Knollenberge P! 2 H1, BV} 78 BAR
Wi U AT b B, PG 8 o0 RO 3 9 5 B, 3X
2R R PEARACES B RFE R, L fE N 1 b 3
Jid A H A A i — Rk 2 % e T
B H O A R AR AR 2 8] N RORL - 38 A 2, W]
Z 5 Z WS, (B R AENT BT
AFAEAE X R~ RO i 4 B MR, HL AR ER
TEXT IR 2L, BRI TR G = MK o
MR R, ZITERA —EWRRE. N7 ik
IR W Ah 5 2 (K B FE, Heymsfield £ Parrish 12 42
T EE TR BRI R RRABAE T B350 2 OB R A%
H T, Ha R IRARE 2%, ek — M ERIE X
FRIRKELF, BRI T JE BRI FRRL -, Rl 2 £ AT
BT, &7 B — e MR R, BRItz 4h,
V2T IR ATAE G AR TR 0 2 50 43 WL 1Y) Il 8
EAT I 4n ] b 224 b 06 350 2 PRORE 1 R AT AL BE R T
Tt 2 FH A2 i 0 B8 33647 2= T ) B 9 ) — 3 X
L eAh, BN BT R BTV R AR 32 AR R
TGN — OB FER L (2DC, 2DP) KT 5245 11,

== 0y &
"% '. % .‘.
c eyt

®

El

[a]
o

(a) (b) () (d)
1 ASCGETIN 2 B RORL T BRAG Hh F 38  bRORE - B AR
(SBEFHEFR)  (a), (b) CIP; (c), (d) PIP
Fig. 1. Partial cloud and precipitation particle images
measured by the probes: (a), (b) CIP; (c¢), (d) PIP.
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Fig. 2. Single particle image: (a) Complete particle;

(b) partial particle, but one end element obscured;
(c) partial circularly symmetric particle, but both end
elements obscured; (d) partial noncircularly symmet-

ric particle obscuring both end elements.
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Fig. 3. Frequency distribution of the particle’s linear
correlation coefficiency for the partial particles mea-

sured by CIP: (a) Non-symmetrial; (b) symmetrical.
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Table 1. Proportion of partial particles in the measured period.
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20080705 09:40:11—09:47:16 PIP 4069 1237 30.40 4 0.10
20100420 15:52:30—16:00:00 CIP 134395 84218 62.66 33340 24.80
20100420 15:52:30—16:00:00 PIP 542112 76730 14.15 25488 4.70
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Fig. 4. Cloud and precipitation particle im-
ages measured in 20080705 by the probes:
(a), (b) CIP; (c), (d) PIP.
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Fig. 5. Cloud and precipitation particle im-

ages measured in 20100420 by the probes:
(a), (b) CIP; (c), (d) PIP.

249202-5


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 Z R Acta Phys. Sin.

Vol. 67, No. 24 (2018) 249202

3.1 RESENRTFENEEROEM

2o BL P 2 2 B AKORL 7 B s fo 5 AR 1) i 3
JEPE, Bk 5 A =0 (9) TR,
= (9)

Vsamp AT
Forpon, R AN RZ R A 2001308 B (1R
1o AT R, Ny 9 — R A A P9 A (9 2 12 7R
ri—(ri + Ar) ZIEBIRCTFEH, Viamp NEFEAF.

FIFH bR g7 vk kB 3 B4 AT 4 B S
1) 2z R 1 1 FHE A5 3 o B 6 AT BT R,
B 1 “PSD_ Al In” & $& F FH “%& & 76 97 18 75
%R A3 kLT i 4> A5, “PSD_CEN_IN” & f§
FIF “rp o0 7E T B 5 R SR AR IR T 4 A
“PSD_DIA_RE” & & | H “ki 45 B (1) J7 153K
BHERL T80 “PSD._DIA R H” Z4FIHA
SCHTHR T, B “RibG 7 SRAF IR TS AR

16 (a) 97 H DUMPAS [F] 7 6 20080705 fit X

n;

— —— PSD_ALL IN
—— PSD_CEN_IN
1004 — PSD DIA RE ]|
- —PSD DIA R H
g
=
T o107t
g
4#
~
2 102
g 10 i
(a)
10-3 e :

100 1000
Diameter/pm

K6 PUFhI5ExT 20080705 FT TGN TA] BL A {3 i I et b B I AL 18 23 A

Hh CIP A s P I 2 381 1) 2 obE 1 33080 3k A7 4k 2 /s 5k
R g Af E. EI AT Y, “RlE TR M
CRIATEAY” TR AL B E R AR — S “BARTEN”
T3 AL B G R T B OB AE 1300 pm PA R Y
B, (H7E 1300 pm PA B IRERAR @y “HfE N 7
VR AR T V2 A B 25 AR AT A IS A, <
P 7 <R AR 73X M T VR AE AR B CTP X
A5 TR IS A E TR A E S A, 1M
CRLAT E AL R RS TR SR ER TR T IS B I
# 4. Heymsfield Fl Parrish [ 48 H « e
Qb B JE R 1% AN 1% S B G B ORORE - B0 B L
IR LA SR FEARRR A N IE [F] S 20, 1 “HEAARALE N7 BT
Aib BRAG 1) 45 FAE KB 73 WA A Ak HOE A 1% LA A RE
T AN B 5 HORE TR O 2SR HL R
e A IG IR, B S5 A ROREAR AR~ VS HUE 5 v 1 i
PRI “HEARAE N J5 1k B9 A BCR A AR R B KL 7R A%
R DN TNGE S

10-1
T
i 102 <
= — PSD_ALL_IN
4 —— PSD_CEN_IN ]
S 10-3 —— PSD_DIA_RE
¢ —— PSD_DIA_R_H

(b)
10-4

T
1000
Diameter/pm

(a) CIP; (b) PIP

Fig. 6. Cloud particle spectra distribution of the selected period during 20080705 research flight obtained from the

four processing methods: (a) CIP; (b) PIP.
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Fig. 7. Cloud particle spectra distribution of the selected period during 20100420 research flight obtained from the

four processing methods: (a) CIP; (b) PIP.
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Fig. 8. Cloud particle number concentration of the selected period during 20080705 research flight obtained from

the four processing methods: (a) CIP; (b) PIP.
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Abstract

As an important instrument for the cloud microphysics measurement, the airborne cloud and precipitation imaging
probe plays a significant role in studying the cloud and precipitation physics and artificial weather modification. The
particle image data recorded by the probe can be used to process, calculate and produce the cloud microphysical parame-
ters, such as the cloud particle size spectra, cloud particle number concentration, cloud water content, etc. However,
there are lots of partial particle images in the sampled data. This is due to the limited sample volume of the probe, the
volume that contains only a part of the particles and is imaged by the probe. The number of partial particles in each
sample is so large that the technique used to process these particles can have a great influence on the calculation of cloud
microphysical parameters. However, there has been no perfect solution for dealing with these partial particles so far.

The three existing processing methods—*“All In” method, “Center In” method, and “Diameter Reconstruction”
method for the partial particles, are introduced and analysed in this study. After analyzing the advantages and disad-
vantages of these existing methods, a new definition and a particle shape classification for the partial particle are given,
which can discriminate the circularly symmetric particles and the non-circularly symmetric particles from the partials.
Then a new partial particle processing method is introduced, which combines the partial particle shape recognition
technique and the traditional techniques— “Center In” method and “Diameter Reconstruction” method. The circularly
symmetric partial particles are processed with the “Diameter Reconstruction method” and the non-circularly symmetric
partial particles are processed with the “Center In” method.

Utilizing the historical airplane observation data from Shanxi Taiyuan, the new method presented in this study and
the three traditional methods are used to calculate the cloud particle size spectra, cloud particle number concentration,
and the ice water content by using the same data. The calculated results are analyzed and compared. It is found that in
most cases the results from the new method are more consistent with those from the “Diameter Reconstruction” tech-
nique and can overcome the disadvantages of the existing methods, especially when the cloud has more column-shaped
and needle-shaped particles, the result from the new method is more reasonable. Considering the fact that the column
shape is one of the main shapes in the cloud, it is strongly recommended to use the new technique in this paper to
process the data from the probes.

Keywords: airborne cloud and precipitation image probe, partial particle, cloud microphysics
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