[EnN

w

00 N o b

10

11

12

13

14

15

16

17

18

19

20

21

22

23

RITWRE R R AR FERY AL
W33

W, R, FlRie, B2, B2, A2

LFERFRAAMERR T =EANESBBRNELEE, JLE 100029;
AN AL HRASNE, ALERE 050021;
AN AL EASHEEALRE, AALAEE 050021

WE: AXHA “ATLUABAIETNHEFELHARE” B ALMHEFAUNEKE, EXFEI2HT
201845 A2 H—K A BT RNER I AL THERZHMWERE. ERELH, SCEHLTAKEGERT
0.05 g'm3, Aok FTHKEERIO-IPL! . A FHKEGTEX TR Rk @ AE. ZTRKER
Hallett-Mossop A/l | Fn 2 1 7k & % A= AL | 35 7 16 B T A7 7= A 69 oA o Bk 2 0Kk T 3 40 A0 4 T B 42 38 K BT Y
B AR THREMERAKEHRERUTRIER A E. -5CREAKT RHK T R UHEF R
KAE, RHEERE. TEEWAZAGEREXMASKELAZTO%U L. ZXAEERERHAT
FEUERZI-S0mB mE A £, #HEEDEREGRIKE, TEEZHMREHLAKEELFAE0.05 gm?
A, KEHAEEURGRK. BRERERTAEZ. BACEN EE SR E KA BhOR S 89R T 4
. BEARNEH: TEEULWASTREAEENESEREMES . ERARRIWERZN, REE
W AKEERK, ARNTFTERZRBLREMRALIREK, ZRKBUEERSE. TEXRRALENE

REXERAKEECURE, AERFNFELKARG EA-BBEZANEUT RS TREREZHNRT

mlm

EER, AALGEFERNAR T FHREMIAXNKER S, EFHELEHEARKER D,
(¥ AMTWAE. BRE. ZHWE. BANE

NERS: HENHS: X412.24 SCRRFRASAD: A

doi:10.3878/j.issn.1006-9895.2004.19202

1

WRE AR 2019-08-15 MK HAR B #H

B—EE  BIEW, 5, 1981 AR, 4, BIRFA R, RENE A BFKYERT L. E-mail: yiff@mail.iap.ac.cn
FALAEE  FHMIE, E-mail:huxf2009@163.com

BB E ExESHAIRIE 2018YFC1507902, Ak “+ =7 KR E A TR K TR A A
TREFRTEIE “RA7 WM AREN LI WBEEWHEARKE” hbrywesy-2017, B K B AR K&
2018YFC1507902, [ ZH mff &R H 2018YFC1507002,

Funded by National Key R&D Program of China (Grant No. 2018YFC1507902), The 13th Five-Year Project for
Demonstration Experiment of Cloud Water Resources Exploitation, Precipitation Enhancement and Hail
Suppression in Eastern Taihang Mountain, Hebei Province (Grant hbrywcsy-2017), National Natural Science
Foundation of China(Grant No.41875172), National Key R&D Program of China (Grant No. 2018YFC1507002)



24

25

26

27

28

29

30

31

32
33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

Airborne observations of the microphysical characteristics of

stratiform cloud over the eastern side Tathang Mountain

Jiefan Yang!, Xiangfeng Hu*?3, Hengchi Lei', Yin Duan®?, Feng Lv>?, Liwei Zhao*?
1 Laboratory of Cloud-Precipitation Physics and Severe Storms, Institute of
Atmospheric Physics, Chinese Academy of Sciences, Beijing 100081, China

2 Hebei Provincial Weather Modification Office, Shijiazhuang 050021
3 Ecological Environment of Hebei Province, Shijiazhuang 050021

Abstract: Based on the observation data obtained from "Rainfall Enhancement and Hail Suppression
project at the eastern side of Taihang Mountains”, the microphysical characteristics of stratiform cloud
induced by the upper level westerly trough on 21 May, 2018 was analyzed. The result shows that the
supercooled liquid water content at the -5°C layer is less than 0.05 g-m=, and the concentrations of
supercooled cloud droplet is 10L-10> L-'. The needle-like and columnar ice crystals are often observed
in the regions with high number concentration of ice crystal, which may be related to the ice crystal
fragments which may be produced by Hallett-Mossop mechanism and other mechanism together were
formed by deposition under super saturation respect to ice condition. Ice crystal habits are predominant
by plane and dendrites in the regions with low ice crystal number concentrations. The ice and snow
crystal mainly grow through the deposition and coalescence process, and weak rimming process. The
liquid water content is accounted more than 70% in the regions with the peak value of cloud water
content near 0°C layer. The particles are mainly cloud droplets with diameter between 10 to 50 pm,
accompanying with a few aggregates. The supercooled water content is about 0.05 g-m™ in other
regions near the 0°C layer, and ice crystal habits are predominantly aggregates. rimed snow and
graupel. Most of the particle are spherical droplet and melting ice crystal in the liquid water layer. The
vertical detection show that the ice and snow crystal number concentration increased with height above
0°C layer. The supercooled liquid water content of the mixed layer is much lower in the stable
stratiform cloud. Most of particle are mainly grew through the deposition and coalescence, and the

degree of ice crystallization is much higher. The existence of liquid droplets indicates that the
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transformation between liquid phase and ice phase is not sufficient in the strongly developed stratiform
cloud regions where supercooled liquid water is relatively abundant. The particle size distributions at
different temperature levels indicate that the average number concentration of ice particle in the regions
with aboundant supercooled liquid water content is higher than that with alow supercooled liquid water
content. However, the average diameters of ice particle in low supercooled liquid water content region
is larger.

Keywords: the eastern side of Taihang Mountain, stratiform cloud, cloud microphysics, precipitation

mechanism
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1. 5|8

A 70 FEARTFLG, BN EIRZ BT T KBNS E BT, 2
ALFE TR A2 2R = BRI AN TR me 05 36 DR AT UIE = R AT HUTY 2= [ BR300 AN 2
Bl I KR A AR = T, 22 E IMPROVE B 7t iR % 3R E A 7 AR 5 A TRk 56
T, R ER T LARZ R G = BRI = oK A 3R B0 SIS 7 — RV %
. Houze etal. (1979) FIH EHERIMEF 7t e = R P UZER A I 2R IRD, HHES
Je W 5 A7 7 BLASAKAFAE . Hobbs and Peter (19800 $5 HvA 8 511K Z R 25 B /K HEE AT A X
RO BRDXRT AT BRSO BERT T . BOIRRE T AN IS I 6 R i B K 4. ARtk
Hefili b, WA TR U A B s RRIE B S RANE AL A RHE . Parsons(1983)4 4T 1
6 ol 7E B /KO P b % 1 PO T Bl R B R s 2 TRV ELAE I 1R 25 - Heymsfield et al.(2002)
XA IR 2 M B K M B R o T B AT T T S g, RIURL % = TR = R A
TE, BORITIRE L KK 2 UK, H lmm DR R IR AR, X 2 R T
KGR FE, RS EATT S gamma 7 M AFEE M. Stith et al. (2002) X #4717 A [
DX B K HLERI S B S5 0 W R B, 58 EFHAUR CRT SmesD) KNS H B2 /b =i A
IR ERRE XN KE B L, REERZ FEERRF KL . Jourdan et al.
(20100 XHBEGRE SR E B CHDIIRY], -1~ 12 CAER SR K HIKF I IRE %
%, A WRRKEREIE 500pm, EHFERVK AL A 1E-3~-6C, HUIREGHRARVK &6 /> i 1E-8°C
JZLL L. Patade et al. (2016) XHEAHAZS = MM 7T R IAE-3~-8 C JZ UKL T F1 = R P
#E . Taylor etal. (2016) 5% [ PG R i B (AR 24T 7 HuJE 5 KA, ZAR 27ER
Z R4, 2500 P R AR 45 2 2 v e A ROk T B0 2 B AR, 8 A AR 2= mp /N 3R 1
RSB IIH, UK i A SRR R U T KBS L5 47 B - McFarquhar and Black (2004)
BIF 5T R I FAAHT R FIRHAL X LUR LR UKt SR SR A T, JE = X PASCIRIK A R UK A A
BRI HF . Stark et al. (2013) WFAKIERTTIERG , =5 AT ARV N E,
Zot UG I AR ADIRUK R 3, RN 2O DX AT OB 2755tk L SR B0IR AN RVK &R - Carey
etal. (2008) KIN-12~-26°C T HEIM =, =0 BEAHARK BT, =B B
FERCRATER AR UK 5 B Hogan et al. (2002) FI ] KHUAURIR T A0 BEEIR S A Z R 10
T B AT ORI, RN AR X AELE R R /N R K, B E e 24um ()
IEA AR T U S A VK SR F-o Evans et al. (2005) i — V0T 4 DN U 1 = 4544
AR KRR FC R I, R DA B KRB 2 R 7 (19 2 B KO R, DR IR BRI A A
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/0Ny B BUIORE T 3R S R R AR AE MR L R A2 vt B 1 DX AL ok T B KRS
ORI RRR A I R s L2 DA R AR AL S AN

LUK, BAXRIRE MBRR Gz T T RE R (Guo et.al., 2015; 7
FAREE, 19870 FhATE ARG (1965) IR FERAFBANS T 15 K PER R =
ANEREE Z RO VK& I R SO AR TR, ORI 26.2 LY, 554 0.18
Lo UKE SR AN TP E P S TS N . XIS (2005) AR 5-7 H BEKIER
Rz X R = Fh = R v K & RO AR 22 5, (BT R R A A — 2
RPIEESE (2011) X &5 AR — R Z R = H R O B G A KA BEAT 1 2087, N R AT
BB = EMSEA. RS RARKE SRR G FIF RO K I B R
AL HERS (2002) 8IS R K SR S MBS B ORI, BEK R o R B A R
B AN RIEDZ . ZFIRERSE (2003) $5 H IR 58 95065 25 70 1 ) B 25 R e ik 0 A MR K
TEREA REL . 55 (2016) X H IR — K FEKIE Z AR = BB 45 R AERE 78 A 30
NERLFRE KB TTRBCR . REZRIREM S KERT LR, W ERN R,
Zhuetal (2015) XfIILHLXFZ R G = VKSR IS R AT 7RI, R AR IX
LU AN IR ECIRUK SN X, B KBS ABCIRUK S 3o dkATESE (2007) XHAEREMR =
MR = I BRERT FE I, Sc Al St = (P IS A B 22 7. 5KESE (2013) il
XL IR B KR 2R = AN R o P 2 A B R TE A, IR B KA “ ik Rh-ft e ”
HLiio PEAERE (2012) XFJEAR 2= G50 S B AKALIIEEAT 13018, 48 H MO Z5 h PR Bk A% 2=
R N=E, B ENREARKEERE. el o 2EKEERS i
1o

LR, N AN R I BARAE & Pk LI EEAT 1 R &R LA 5 (B
7&, BT RINURGCR SNBSS AR BT R, 4R R RHR AR SR AR LS B2 K
B, S BT ATE 7T A6 FH (0 00 B ek B EL S R F) = e BRARFALL S D B R (AR AR I o IS4 R
HLEIRIN 2 GERE A S Bt S % SR AR EAT 1 AT 2 B T SO ML = T BRI 2R G A
T 7R 500 5 R A AR R R AL 2 AT AR, X T 1 A 2R 2 S B AL S K
B BA 2 AR .

ARSOMFRAT L2 BN 208 W B A R ol s ARk 6 ) AT i S WL U A » P40 20 B
T 201845 H 21 H— AR BER TR GERZM T ARAT LR BEH X B P2 AR 2 AN R AL 1)
= KA B R AE AT B KA o B FURAT LR AR AR RS FROKIERIR S R =
SR S B KL 3o 42 e A b XN TR R UK P 2 B B
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2017 4 5 HiIEE AR “+ =07 8 A TRE—z/KEEIFRFIH TN E S FHHE <K
AT RN IR B B AR AR R YEm B 7 IRV 3. £ B AT 29 N TR UK e
ISR A, Wb N LR RS A EBE T E AR R b R R KRS
BT PR KRR A2 e L, JF e 7O =4 (2017-2019) HINTIEFBIE
W5, EHORAT AR RI X . RATILARFEFERAAT I, REARICFIR, BiaRE.
B HBHE, MK M 5 AT, RS T3P0 A B KAT ZR B8R T AR TR s K
FRAME FA, SZRAT I A TEH SRR, 12X 3800 BA (L S RS e 52 78 KU
R BEK R G USSR, A 59 H 0 KAT LI AR I X 283t KT BB o e A e 2otk
=, DRI, 12 3R A bt XN TR R A e B A X

1 LI X S AN 4 43 A 1

Fig.1 Schematic of the observational region and facilities
RYCRIEAL T 1 FrR LGB HAEN . T H HAH & R N TR KL King-air 350
PEEIINLE = T B R 22 G 1 45 5 My EE LI PR f — YR P XU 7K 2= R R B AR AE A T
TR = AP R G th 2 MRSRA L (HERESEOENLR D, WA SRR A
IR, =, TAERIR R I R, ATk 2 K W B 7 BT 75 1) % T 2 4
LI X R A BEAE AT SR IE (38°21'7"N, 114°42'43"E) . HEHE (N36°27'47", 114°39'54"E)

I S P B2 8 R AR 1A DL & [ IR Z ul (37°4'44"N, 114°30'40"E) 4.

E
1=

x1 NBERMERVAGRETESH

Table 1 Cloud microphysics detection system and

FLAK wE XK T PR Al

e SR 53964 PCASP-100X (Passive

) DMT 30 3@id, 0.1-3um 0.1pym T RAUVRE B 735 1) s U
Cavity Aerosol Spectrometer Probe )
P 4Rk FCDP (Fast Cloud Droplet . B .
: P SPEC 21 @i, 2-50um 3um ZH Tl
Probe)
ZHERRSL CDP (Cloud Droplet Probe) DMT 30 J@iE, 2-50um Pay Vs ai
T WS a2 0K 3 o1
KR FARL CIP (Cloud Imaging Probe) DMT 62 iHiE, 25-1550um 25um N )
" sne : : TR T R
T YEREIKRL Tk PIP (Precipitation Imagin . L.
orcbe) P S8 M 62 ilii#E, 100-6200um 100um FH T B3 MR T 8 R R
robe
ZHF GRSk CPI (Cloud Particle Imager) SPEC 10-2000pm 2.3um HTIAS =, S WG
YA AR AR FEF FERSK 2DS  (2D-SOptical) SPEC 10-1280pum 100pm ATHBAEM. KEH. WEEG
R 4 61X HVPS (High Volume FH T B T T 114 B AR 73 %
o SPEC 150-19200um 150pm o
Precipitation Spectrometer) R YRR
WAKEEILWC DMT 0-3g/m? ZKEE
BB IKEAL A TWC Nevzorov  0.005-3g/m? KB R IKESEKE

LA SRR R YL AIMMS-20 Aventech  IHE: -50-50°C M 0.3C FH A0 SR R R LIS




W EASFEET: 0-50m/s  HEF: 0.75m/is  FIBHL
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AWM FEEAEH T TWC. CDP. CIP. CPI £k K AIMMS-20. 56 T 46 i X AH R
M A& HEAT T AR R FPRHERL 0 2 W 4Rk CDP MEAT @ ibssE, B ko 21 55K
TEREE FRE. KAV LS LA E R CIP 3k, A8 BT UK S &5 e 1
FOKE B RIS, AR EIRZE (Korolev etal,, 2013). T CIP #3k 5t iK ]
B, BT 100 pm R AIEEBAK (Korolev et al,, 2007), i kb¥E it fE 4 7 7 100
um BLT 20 .

3 RRE=R

52 B AR A LR VAR LR R, 2018 4F 5 H 21 HIRIILA RSBl T —IRFF KR
. A 21 H 20 I 500hPa =Y. IREHMRI 0 AG (K 2a) ATEH, WX AL T &
FERTHS, MXNERESEE T mEY, AR S4m%. 850hPa E#s (K 2b)
T, WX 25z — 5wy AR Lkdz i, [FR SR A R, WX 2G4 23 mik. W
T DX TR T RS, HIEWTE R R R H], K2 AR RIS, 484 T RiF
(IR IRSIE S A o AT o S X A 2 O XA AR AL, B4 700+ 850hPa Y] 484k,
TEMLI X TE R T & R e UK Z 5 B 130 70 5 A o TR PR Jo A B 23 A8, TRZ MR 5 /<
BRIE EIR TR R K = &

=
=
P
T

22018 45 A 21 H 1200UTC BRI Lo fE 43 AT AL 34 i 18, URE(C), RIA R EHNR 2 2F VISSR i A TR (CTT,
A7 KD #dE (a) 500hPa; (b) 850hPa
Fig 2 Geopotential height, temperature, wind field were reanalysed by European Centre for Medium-Range Weather Forecasts

ERA-interim and CTT retrieved by FY2F satellite on 21 May 2018 (a) 500hPa; (b) 850hPa

20 SIS (K 3) REKM, 850hPa LA M4 X, 700hPa LA P XN Hid i X
BIZAXHBE R, SHAE AL REL) 431/kg. KAZEMT 59 Fa e IRAS, TEALT 331K R Hs
WHmAREE, ERANERRIEIETHEH AT EIR = PR 55 B X

K3 5121 ARG 20 RHRZE Lk (EORLARIBHENL, BOLLARGBEMULBL, TOELARTERL
Fig 3 Sounding at Xingtai station at 2000 LST on 21 May 2018

(blue soild line for moist adiabate line; black soild line means constant mixing ratio; red dash line represents dry adiabate)

4. M7 R

B N TR RS A =N TN KHL King-air 350 (B-3523) 1937LST M IEENL



192

193

194

195

196

197

198

199
200
201

202
203
204
205
206

207

208

209

210

211

212

213

214

215
216
217
218
219

220

221

222

223
224

Wid Ko 2015LST KHLENA R X 5, KHAE LTI 85 7E AB X (2023-2041LST,
2100-5600 m) CD [X (2114-2134LST, 1800-5600 m) AT HE M . 2152LST KHLIT U
JE1R KP4 BRI (5600m/5100m/4800m/4300m/3600m/3000m/2400m/2100 m). 2320LST &
HLRAT, 2337LST & (K 4. 5). CATHMIIE], FHIERM VCP21 Bi#EHTIES AT
ME 4 K TR EEGRE C0.5MAD KL, Ak R 7 Hh X (R[] 35 5 45 20-30
dBZ, JRthAELE RIS 35 ABZ WK JEREREIX, B4R 2 LR E KM IR &R .

4 RATHE (ZLEsiLk, AB I CD ARRIEEIRMIXIZ), A5UE SA ik 0.5 BN A 547 UL SA &Hik. HUBALE
Fig 4 Flight path(red line, AB and CD respectively represent vertical observation area), radar reflectivity factor measured by

Shijiazhuang S-band radar with an elevation of 0.5°, black dots represent locations of SA radar and the airport

P 5 RAT LB (AR A 5
(AB. CD RUEIEEHFN, DE. FG. HI 43 HIARKRIEA A e B2 B/ T4
Fig 5 Flight height variations vs time

(AB and CD represent vertical observations, DE. FG and HI respectively represent horizontal observations at different heights)

5. 2R =K PR ERYESER
5.1 EAR R K 3 AR R ALE

AT E SR T DE B (-5°C 2, 5600 m). FG B (0°C 2, 4300 m). HI B (5C
JZ, 3000 m) (& 5) SRtk 2 RIOKABAE &K & R BORBE Johi 1. BT 6 45 TR K
17N (DE Bo) i E I8 Bl 3E B i ] BUA = TR ARSI, [BI R4 6-7.5 km.
TR FEACT BRI, 4 km DL FAFAEWI R AR POV BRI B, 2 DL TR
A T EESR L, MR S TR B ORI L RIS, 1984 FETEAI
IEE, 1984), XTI AERE M T R VIORPRL T Bl AL I 3 R o

6 KATHLIZE 5600m (DE B % Rif) S B ik S 5 T
(LI IA): 2133-2201, LST; #EF: -5.1~-4.9C)

Fig 6 Cross-section of S band radar reflectivity overlapped by flight path (red line) while horizontal observation was performed at 5600m

level (DE stage) (Observation from 2133 to 2201, LST; temperature: -5.1~-4.9C.)

K 74 17 DE B (5600 m) =3 & 17K oAl . KHIAE DE B r 2 i [a]
2328 min (2133-2201, LST). FH KAV ZRFT 6 M A IHI B R E X -5CE M=
B AEBEAT T B 7S 04T

&7 KWL 5600m (DE Bt) el & /K ¥ AL
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a. HIKERE (Nevzorov) KIRFE: b. A/KEE (Hotwire. Nevzorov); c. CDP Fl CIP(D>100 pm)¥i FHOKE; d. FHik kM=,
e. CDP fiFi%; f CIP KiFiE(>100um)
Fig 7 The microphysics characteristic record by aircraft while horizontal observation at the height of 5600m (DE stage)
a. Nevzorov total water content and temperature ; b. liquid water content; c. Number concentration of CDP and CIP; d. radar reflectivity;

e. Size distribution of CDP; f. Size distribution of CIP(D>100um)

MEIERGTE (B 7d) ATE W, 2@ R R RS %A 10.1-25.9 dBZ, Wa)E
JERIR . SR AT R EEHI (B 6) A, CHLFE T Endh EEukHEE. WK
FARCF A (B 7ay b) AIEH, 5600m = R EK S EAMAE], R KE R,
Nevzorov I & 1)K & & TWC SMEZ) 0.12 gm3, # XL E 0.4 gm3, K KEF] 0.6
g3 o SRS AN ST AR AR B K S BRI 25 FP A K B S EAT 0 BRI, Nevzorov
T R VA KA B LWC 6K 4 XM T 0.05 gom?, E{HHE 0.1 gm?, LWC (5
TWC WA SE 4 M. Hotwire Tl &4 H R A 7K 0 A AiE 5 Nevzorov 284U, (LI EA
5 Nevzorov HHELEUVIN . mEIKIE (Bl 7o) FERTERAL (2135-2137, 2139-2145, 21492151,
2157-2201, LST) HILZ KERHE, HOREEM 10 LT SRR ZE 10* L' A ty, FEERESE =
Wik (B 7e) BERG, HIELKRT 20 pm FIRAH. XAlfe 22 H T REA R REE
(1) 2 ¥ 52 00 LS 1)k P B2, [ EG 2 0 2 BR R S IRUHR FHASE A /K R 45 1 I 1
I

UK EBOREE (D>100pm) FMEZ 10 LY, #6458 KBk B0k BEHSE 102 LY. CIP
VKR FEUREELE 2133, 2144, 2149, 2158, 2201LST UG, AR KIEF 103 L £
M CIP K515 (B 70) A& H, 5600 m =L E A 300 um LA R IOKRLF N3, IXK
I UORL+ RE £ EAEHFTE 100-300 um. 455K 8 45 I AT HLZE 1) CPI fi1 B
AL, EIR UK X (2134-2146, LST) BIUK kLT 2R 3 2 DLEHHRIR (100< D <400 pm)
NE, FEBEE DB R EEETE 20-40 um ERFBR . VK ADE0R FE W 1 IR AT A2 i
FREAU R E TS Eh BRI XA, UK S TERA P I R i I Hallett-Mossop 2 A= AL T
PR R OK G, TEUKTHT I Y 0 2% Tl i B A g K BT R VK T 3 350 3 5 2 i R )
W 72 45 A —F (Hogan, et al., 2002; Crosier, et.al., 2014; Yang et.al.,, 2017) . {(Hf3E & 1 2,
2150LST 2 J & FI UK S dihr 7R BEAE 10-20 LY, R FIEASIEAN FRECECR . CIP Wil &
B33 SRR KT 2150LST Z AT XIS, [FIIN CPI UK il B P AR R LA W S )k R
AR, R IR N ARZ IR AL AR P BE IFAS 7857, BRI R UK 35 i A ) 1 L

¥ 8 5600m (DE Bt) P KB BOWIMIEIF) CPI i 7 B4

Fig 8 The CPI pictures while horizontal observation was performed at 5600m level (DE stage)
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B9 "WATHLIL 4300m (FG B XFRIM S P B IE ST 2T (OIS [a): 2229-2236, LST; ifi/Z: -0.5~05C)
Fig 9 Cross-section of S band radar reflectivity with flight path (red line) while horizontal observation at the height of 4300m (FG stage)

(Observation from 2229 to 2236, LST; temperature: -0.5~05C.)

M FG Bk B ) R T4 el e BRI (&1 9) B, BIBOK oA A5, FRELI 7
FE AR 5 [R5 X o X AT e A 3506 L = KR DR AL Je g ity A CPIL b1~ &
(K 11D "ER], fFERRBG S IEFERAG VR T, R & RO R B VKR T 7% B il
JBIa, BATE R T R R

10 k4L 4300m (FG Bo) s &) KT ARk
a. Nevzorov /K& & MR b, WA/KEE (Hotwires Nevzorov); c. CDP Al CIP(>100pm)¥i FHOKREE; d. FHikRHH=; e. CDP
R £ CIP RLTE(>100um)
Fig 10 The microphysics characteristic record by aircraft while horizontal observation at the height of 4300m (FG stage)

a. Nevzorov total water content and temperature ; b. liquid water content; c. Number concentration of CDP and CIP; d. radar reflectivity;

e. Size distribution of CDP; f. Size distribution of CIP(D>100pm)

MNZE R B I B UK A B K B Ky AR (B 10a. b) ATLAE H, 2229-2234LST
LWC LT =ANEAE, 0 RIS 20 22008 B UKRLFHOREE (B 100) ST B SRR,
=i (B 10e) WEFHRE. T2 LR XIEE) (2232-2233. 2234, LST) =ii#ok
JEUE(EHE 10* L' (K 100), XM XM= ER (K 10e) £HTE 15-30 um, HAER
50 pm. IXFH/N R FKIX P TTRRECR . AWK 10 (b) AT LA H, Hotwire #1 Nevzorov
B K AU B K & BB 2508 0.58 T 0.48 g-m3, ST 5600 m AN . 38
R HEOK S B TWC 5BUK S8 LWC KL, A/KERIE X8, (2230, 2232-2233. 2234,
LST) MUKK & BB, BOKSRESKEER HHIER] 70% DL E. HARIRES I Bk
KGR G AL, A SKEYERFTE 0.05 gm? 4. CIP UKkt (B 100 2R,
2230-2231. 2232-2233LST I 7 sl B /N R UK S, X AT RESE 1T = IR 70 K 2 R
VAR

CPI ki v EM% (B 11) W, 2230-2236LST EELIKMEBEEMRNT, G 0EBR.
FRRUK S, AT EIRABEIRIK . BORLF UL R BN T 50 um B RIERIE IR R T 2=
R JR HE R X3, UK i i 3R A AR IR K BOREAR U R I S AR AR OK i, KB AR
VKRR R BEIA B 7 22K . 2231-2232LST MMIE 1 #% W B AOASCIR UK i DA KL BRI 7 »
XRPIZHBSAKSELEEE. WK LIRMAMEREIEE AT, MSKEE
2231-2232LST A G, KR PRA/KATREBIHFE. 2o XEKR T LR S K
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Fig 11 The CPI pictures while horizontal observation was performed at 4300m level (FG stage)

12 RATHIZ 3000m (HI B XL S i B ol i S 2 ol i
COLDURS[A): 2247-2256, LST; if€: 5.4~5.6C.)
Fig 12 Cross-section of S band radar reflectivity with flight path (red line) while horizontal observation at the height of 3000m (HI stage)

(Observation from 2247 to 2256, LST; temperature: 5.4~5.6C.)

M HI B iA R EHm ] LA, 2247-2256LST KHIEZ = R ©iT. KT
B F A RO 10.7-21.3 dBZ, “FI1E 14.2 dBZ.

13 %L 3000m (HI B 3 a1 /K F 73 ARk
a. Nevzorov /K& KR ; b, A/KE & (Hotwires Nevzorov); c. CDP A1 CIP(>100um)¥i FHGKRE; d. FHikxH=; . CDP
FiF i £ CIP KL Fi%(>100um)
Fig 13 The microphysics characteristic record by aircraft while horizontal observation at the height of 3000m (HI stage)
a. Nevzorov total water content and temperature ; b. liquid water content; ¢. Number concentration of CDP and CIP; d. radar reflectivity;

e. Size distribution of CDP; f. Size distribution of CIP(D>100um)
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225030-225230LST =i AN SE, LWC KT 0.03 g-m3. 2253-2256LST Hi1-1i 7% &5 3 1 %,
HILERKT 40 pm K= X0 562 BT =i FVE R PR 3K T E. 2252-2256LST
VKRLTBOR K, HOREREY 107-102 L. CIP KK T (130 Sor, R EATE
FEHTE 100-180 pm. 454 CPI EME, 3000 m == Z2 LA i AL T2 Bl RS BRI W0 N 3= .
FH LB BT A0 T AR UK SR EN CIP PRk 2748, S BUKSEOREHE K5 'C )2 Hotwire
BOKEE 0-0.17 gm?, “FIME N 0.03 g'm?. Nevzorov /K& & 0-0.14 g'm?3, “FIE A 0.038
g'm>o PR K E SO I B K BB BB — S IR IRAKE R LRLZIE, 5-5C
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Fig 14 The CPI pictures while horizontal observation was performed at 3000m level (HI stage)
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Hre WHIEABIX KA E EIH 77 kA7 8 BRI (2023-2041LST), Je/E4id 1K=,
VKKIR G JE S UKAHE . i%2100-5600 m, #£6.7~-6.3 C, E[EE M EZ14400 mo A KHLE
ZS AR ) o 7 P B 38 [ S B R (2030-2036LST, J7 672097 Al HIAETE W S (2
o XRWHABX M= imbisitae, NRERENERE.

a

15 "KHLLE AB Bt Bl BRI AT B 5 R IX B A (2030-2036, LST) LUK SZHG CPLAL 1 B8
Fig 15 Cross-section of radar reflectivity (2030-2036, LST) overlapped by flight path (black line) during spiral ascent in AB area and

typical particle images collected by CPI
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FEVEE, (KT°0.1 gm?. RFEFLZ (Kl16a) £, ABIX E7¥2780-3080 miFfEWiln/=. X 1]
ERMIRJE A E RE BT B 55 0 LR BEA R RIS IR 2 T 3 8. 8 2 DL BRI 20
0.1 gLV 7K, {HCDPH) AR 7 & /KB R BZIX I 1 v /K & B (K 10.01 g'm3,
Mz (El16e) AILAEH, =Wk EAAEPLE2S umPL . CPIRIR BoR, FEEM L
4 RHR I3 /KL T BB BOTA G A TR . BRI HERTABIX 22 B2 22 DA B AR UK AR 2
. 7Ah, WIESHEIREANZHIE (Elec. d), 4ia Sl NRidE I ZEMILs, Al
B BAEHE BT A EARAE Sy R A .

M6 () UK EBOR T B R LLA H, )2 BLEVK S foki 7404 B (D>100pm)
B SN, R R T KR T BOR L4910 LY, B TEALIA £]50-60 L. CIPYK S Sk 1

B (El16e) WiEIR, KT FEEEPERME B, vOR ¥ BEAR R EAEPE200 pm LR,
RiEEIE1500 pme AP 1500 LUK 5 BEUR AT AR Y, REEBCR RS BB AR . AR A
BN E, SR EAARARL M. [, B FEA K BRIE, ZEZE R
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Fig 16 Data from airborne instruments during the spiral ascent in AB area (2023-2041, LST):
(a) Temperature; (b) LWC; (c) particles number concentration (blue points were from CDP, red ones were from CIP); (d) size
distribution of cloud droplets measured by CDP; (e) size distributions of large particles measured by CIP (first three bins were

removed)

2114-2134LST "KM CD BCK HIALHRIETH 77 3CREAT 2 BRI, &2 1800-5600 m, it
JZ 8.0~-54C. & 17 45t T KHLAE CD SRR BRI SA FRiE [ % (2114-2124LST, J7
P fA 197 LLEAE = R CPTRL T BIE . 5 AB XAALL, WX aTimE. FEE
FERGL . CD XARZE = B A R A & T AB B, H 2400-3200 m 2 [A/77E— N IA
SR 35 ABZ (X 35K

17 "KHIECDW BT BN WATHIE 5 H IS [ A6 (2118-2124, LST) LK iAo . ¥ CPIRL 757 1l 1%
Fig 17 Cross-section of radar reflectivity overlapped by flight path in CD area (from 21:18~21:24, LST) and typical particle images
collected by CPI
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Yo i R P AE 4.5-15 pm, PKRLFAEHAE 100 pm AN o R BLE R /K S &7
YIMEZ) 0.08 gm?, SKEETIMEL 0.26 grm?, TAK G SRS EIIHIL 31%. XFKH
CD X EZJZ UL EFELUNRERUKR T, tREEE DB A . WE 17 XM ) CPI
EUE AT LLE , TRV ERRC FZ DR R AR E . X R W] CD XA = 1 vkhL
TR R RIS R

FREZ M AR S EISF] 029 gm?, EUKEE 0.5 gm?, WAKEEKEERL
112 58%. ~IHEIRERL (B 16 0 on, TEEMHE A MEIREZAIERE, £ 1.23x10°
L. CPI BIESEH, FEZMPEMR 7S EEUR SRR A Z AT, KE SRR
WM A T o IXRII 2 MUK 2 KL R ZE AR BRI R I . 3-4°C IR
BKE BN, BAKEEL 0.04 gm?, F/KEEL 0.08 gm?. %5 EE K=MK
FEEHAN 104 L1.6°C (2500 m) BT R A /K BRI IE (X 2] 0.13 gm?, SU/KEEZ 0.29 grm3.,
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Fig18 Data from airborne instruments during spiral ascent in CD area (2113-2133, LST):
(a) Temperature; (b) LWC; (c) particles number concentration (blue points were from CDP, red ones were from CIP); (d) size

distribution of cloud droplets measured by CDP; (e) size distributions of large particles measured by CIP (first three bins were

removed)

T AB CDXHEAIL, KBS S HAE T TP EAIR KR KR (-5 TR
MUK i ZUE R e AR IR R K o B R R, TR G R AR KB . I HRE
JRAFAEBOAFEIM IR K, UK e IR 1A AR S o, LI 3] 1 R A A B A K i DA%
SENEALT . X E R SR A kI 2, UK e PR AR AR N2 5 1 BT U4 18
FAR B CREEMFLER, 2014). REZUKE SR 322 DUR KOy 3.

5.3 AN [R]HE BV F R 7P 351
Nt T IRAS R Z IRFAE, A A Xz R IE = O B AT T B 3R 2
2t T P IEE BRI BOR FIRE 2 = B T M

®2 MRAEEFRNIETREEECSYIEETINE

Table 2 Average microphysical properties at different temperature layers in two vertical observations

Nevzorov  Nevzorov

T(C Neop AB - Nepp CD Nepp AB(L! New CD(L! Dcip AB(um) — Dep CD(pm

( LWC AB LWC CD CDP_- CDP CIP_- @Lh CIpP_ (L CIP_- (M) i (u)

) - . 5] (L (D>100pm) (D>100pm) (D>100pm) (D>100pm)
(g'm™) (g'm™)

-5~0 0.01 0.03 637.2 41235 19.5 12.6 646.8 741.0

0~5 0.05 0.04 7734.0 2704.5 4.1 42 519.5 4358

M2 ATAE 1, CD X-5~0CHIUKE fRik L AB XAK. FhAl & Mkt (1965) W
MFH, FHREBEANEZIRA =Pk (100-300 pm) 15 & CFEEE 1000 um) -7
WISy 78 262 VAT 0.18 LY, AU B 10K = diik FERE A 2. CD IX-5~0C [ = 1%
BRI /K S EE AB X &, IKE AP EAEH AB XK. 454 CPLEIR, CD IX
VKAHZFAEEAA KT 300 pum (AORUKE, 2 P RA ] 10° L. CD XAIHCIRIK
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Fig 19 Average spectra of particles at different temperature layers within AB and CD region (a). 0-5°C ; (b). -5~0C
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fiio AEIFERIE, BT AB XK=k CARARKRI, WHNERERE AT, EAK
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6. &R KB
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RIGX WA KL TGP KRS 4.5-4.7 mm, TBE AR KT 10 mm. @il #
B WA EL N R e 0 LWL 5 2R P KT 23 J2 R 3 B e b T ROERIN T 30, 455 R
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TR . UK BBORFEREEIX (R 102 LD ARG REAHIRAFERIK A, XA 62
Hallett-Mossop ALl FIE AL 1K iy S5 AE AL R0 F R 77 2 KK S 0K e TS E DK T L T AT 2% A
NIEN RS R PTER UK E SRR BRI Xk, EELURIR, BORONE, AR &
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