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Abstract

May 22, 2017, Hebei Province appears a low-trough and cold front precipitation process. Hebei Pro-
vincial Weather Modification office made use of airborne particle measurement system to detect
stratiform clouds with embedded convections on several levels and vertically. In this paper, the ma-
cro-microscopic characteristics and rainfall-increasing conditions of embedded convections in stra-
tiform clouds are analyzed by using the detection data combined with ground weather radar,
KA-band Cloud radar and ground rainfall self-recorded data. The results show that the accumulated
layer is thicker than 7 km, which consists of cold and warm clouds, 2 km thickness and 3 km thick-
ness. The convective rain nuclei in the cloud can uplift the top height of the cloud by about 2 km. The
horizontal scale of the large embedded convections is 8~15 km; the horizontal scale of the small
embedded convection is about 5 km; the embedded convections duration is 45~60 minutes; the
ground heavy rainfall time is about 20 minutes, short less than 10 minutes; and the embedded con-
vections rainfall occupies the total rainfall of the weather system 10%~30%. When the rain core
develops, the cloud particle concentration is the highest and the supercooled water is the most ab-
undant. The supercooled water at the bottom of the cold cloud is up to 0.6 g-m-3, and that in the up-
per part of the cold cloud higher than 5 km is up to 0.2 g-m-3. During the period from the initial de-
velopment of the rain core to the peak, the supercooled water is rich in the cloud. The upper layer of
the cold cloud in the embedded convection is the ice crystal propagation area, and the cold cloud
with strong embedded convections can observe the song-attached ice crystals and the -5°C~-10°C,
the upper part of the cold cloud, is the best catalytic operation area.
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1. 5|8

MZREmRTEFERKRE, W —MIEEAERNEKRS, EA%. BWE. Bk, g
HEZMRRRGH M. AR, A, B, RS RARZGT AR RRERA S
R 7K o

E WA FE M RZREG IR T REM . WK, 22 NGRS A 7K R BE L JE [
MEz=E, HEA—ER EAEE, o] DU™=4 5 2 UK fi(Hobbs and Rangno, 1990; Evans et al., 2005) [1]
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[2]5 WFFERBULE = o 2 B AN [F] 1500~ (Houze et al., 1981; Rutledge and Hobbs, 1983) [3] [4], #] LA
Nz & 20%~35% 1K E; BUZRE = KBS AT, RN R EAR T J7 B K & — A 2 L F
Rl X 45, Ak “ M A% ” ABL % (Hobbs and Locatelli, 1978) [5]. 5 2 24 | FH 2 Bl 35 1A BORFRIARUE S R AX
BRI T R T B AKX I B §4 0 (Frederic er al., 1993) [6]. o KBEHENLKLRE, MRZRE =ik
17T BUER . FBUE B R B IR TE R = R R = R R AR, AR e, PR
(Frederic et al., 1993) [6].

] Py 114 23 R R o T O R A5 T T R N AZ TR A 5 I AR AE B H 5 B K I 96 R (B 3B 0%,
1987a) [7]; FIFH —4Eif AR = BB T RUZ IR G =P 2R X 5 i = R BRI K s, JE73H
A =R FAEE A R BRK RGO IERE, 1996a, 1996b; #EIT%%, 1987b) [8] [9] [10]. MaFH%
F o B SR EZEBE T B (CAMS) H RUEE 2= 43 H i SRR 2 TR & 2 2 45 W R/ 20 W SR 0 Al BB A s
E(MIH, 2015) [11]; XFUZIRA 2 LA B K RRAE P B E AL LI T LERFF 7, R A xCASE4L )
Z PR KR BE(LWe) 5 CHLILIINE B A B i — 3R 18, 2015) [12]: FUEIRA = S5 HRFAE 2 B /K
PUBBEAT AU 7T, B B /K 5 Ak [R]85 Sl 25 SR AR — S (%, 2015) [13].

g bR, BRREG BN R KSR, &6 WUE, REERERELEeT %R, ER
EiL )y, ZREARERSRAHSHIRERG s, BERGZ2ME LWBEKRSRS, el
TR RS S T EE L R H O RAZ R LR A VG PE S WL ? SRR AL, 6
PLUERE? 7 SR e AR AR . Ik, BUZ RS = IR I 70 A TR S A,
M BB, xR AN IR B AR B R

2017 4F 5 H 22 HimdbE Bbmm il —k IR R RS, Wb N TR RSP AEE
KAT W AR BER = BT T 2 0K PRI ZE BRI o A SOR] F PRI B2 6L 78 T FRUZ TR A 25 A0 m A% 1) 22 7k
MEEFIRFE, T AR Z R & 2 IR R A R R ML 2%

2. {UESFNEER
2.1. BN

HUER AR B 2% 5 HLERL T 2R R 48 AIMMS-20 HLE S R 4R & 4t \Nevzorov # 2k 205 K &AL
MR B AU GPS SR . Ho, KT ERI R FAHE DMT AR CDP 3k, &K 7 HATEE K
2~50 pm; CIP 3k, W&k T EHAZTEHE 25~1550 um; SPEC A ® HVPS-3 3k, & k427 Bl N
150~19200 pm; 3V-CPI 4% 3k J2& il 2D-S 45 3 M1 PDS Frdl s iy, a5 % ki T #E 4T s 20 HF R A S8R I,
I 25 R 7K LA UK S R 1 K/ TR AT & . Nevzorov #AZR & /K &4 AT LLSE Il = RS
KE VKK E &

FHNER RAFER A F 2 E R A E B (SA B TR Ka P B 2= Bk TRk H T & H 045 .
22. RERG

2017 4 5 H 22 H 08 Bf (AL 3By, FRED)Z— R “AAE" K RAARS, 500 hPa =7
ZRWIS), mTEERBERER RN, Aok TR ERE PR PREAFAE B REX,
7E 700 850 hPa {7 7E m AL X5 P g KU RTI AR, K37 RESAS AR, A W51 E b m
Mt b RKER o X o M 1 b, SRRy “dbmmR” , BHEEILRARANEIL. &2
SR JE 1 VH g ISP IR AR VA B T AR T T R B KR SS R, 22 H 20 B, 850 hPa KUHIA R T
12ms ', BEXE— D, FKEERD)AS RS R K, B2 7RI RIMAEE, NG, WA H
R g e,
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Figure 1. Meteorological condition on May 22, 2017 in high altitude at 08:00 (a), 20:00 (b) and ground level at 08:00 (c), the

purple and red solid line represents 500 hpa height and temperature fields respectively, the black and blue solid line represent
the sea level pressure field and the cold front line respectively
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Figure 2. The aircraft observation route on May 22, 2017
B 2.2017 % 5 B 22 B AR L

KL 15:03 IEENIZEE K, 15:11 EFFE 3627 m (L1), 15:32 P K& KAT I AR X (F1); 15:32~15:37
1 3627 FR&F] 2100 m, 15:37~15:53 FEMMEVGHE A X 2 EAT 58 — U0 BL_E 2RI (A DX Hi T 52 55 W00
i IS TR IE), BN 2100~7259 m; 15:53 FF4GTE 7056 m = FEF & 16 4380 16:09 FIHTHE PG
B X, 16:09~16:23 £ B XXt = #E47 1 28 IR IEEH FEFREN, &N 7056~2106 m; 16:23:41 FF4A(L2)
£ 2111 m & EF KT 16:31 FIAHEEEE HE C X (F2), 16:31~16:48 7£ C XX =T T8 =k FEH LTHE
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1E D XX = 3T 2B VU e B BEERII(A X BT), SN 7239~2059 m; 2056 m & fE(L4)F KB & 7l
H(F4E X, 17:49~18:04 7F E XX} =i 4T 58 HREE ETHENI(A X L), mERN 2056~7256 m; 18:04
£ 7400 m = B2 KT 18:08 FFAGZEM8 T F%, ©HLT 18:32 [ & LI 2).

PRV KL AE P8 XSRS AT, bR T PG p R A2 B AT (L AR R R SR B, 7 R AR T e T 4R T
BB A i 1, IR 2 s A KNS — BRI A% o AXSCERAT 3676 m P47 Al BL_E B SRR H
BB REEEAT 43 BT

3. MNRAEEREH I

NT T IEASFEERN B B FY-2E T2 2 BRI T A 1 B S b ATl AR et ol, K3 % 5 H 22
H 15 BF 30 2346 31 KL R 78 G BB B 1 18 2 PR DA RO 2 9 R AT U8 b ) s 2 B T AT & (2
BLRRIN TR, CHIHLSKFR KAT 1), M R EESEA ML/ = A B (5 3), 15 B 30 4> FY-2E
BRs RERIE—RERTRD A, ERBSREPZEEHINGE, =8 %, LI-F1 AT R A
A EHI A E 6 X R s~ T B s, B IA R R R A 2R G =, IRV A AN AT [t
TN 16 WHEMN X A L2 A = TR E N-30C~—40C IR =, 16:30 =IHRETHE, &z XD,
2 17:00 Fa Xk K 1 REEHEE, CHERNIAR(15:03~18:32) AT 75 XU A4 2 0d 5,
SETRIEWN, PRANZETEZX AT ARSI RE =T, WHZERARZREGS.

NTREMER . o = NIREKE RN AL, £ A XIRCESFUN7) 1% & Ka B = HIE
PR R (K 4), BUZRA WA R4, 3900 m ML I —4& W B0 Rk, FENMEZR, LENA
=, 15:35~15:55 WM = mifcRiA 10,000 me B NIRE RISz, =K 4000 m &N IR A KFEK
2, b= EERENEKEGRRKRE, (URME KRB . 15 B 03 4 ¥R K E 17 5%
BLE AT WK ER, CMLIE B R A, R =P RN AZ . M Ka BB = AR R ,
5L SRy Hb B R R RHI R A R AR AE B KGRI, DRI R A% Y BB 7K 5 SR AR 2] R 7E 45~60 7381, Xf

Figure 3. The FY-2E satellite cloud picture and the radar vertical profile overlap with the flight trajectory in different detec-
tion time (a: 15:30; b: 16:00; c: 16:30; d: 17:00; e: 17:30; f: 18:00)

3. AEERMEZI FY-2E D2 ZEMTFXEEFERE CITHIEAEM(: 15:30; b: 16:00; c: 16:30; d: 17:00; e: 17:30;
f: 18:00)
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Figure 4. The change with time of Ka-band cloud radar echo and liquid water content

4. Ka SHBR A BWIAER SRSk & BRERER L

WMWAZEKIE, =T S RE FREE] 4000 me 25, =& AN 8000 m, LI = A &K EREIL, =
WINIZIRTS, RINBRENERE . BRa WIS RN, BF ET-Smmsg, s e EHR T
292000 m. HuTHZ S B E RN 15 2 17 BRI X3 5 35 H B 20~50 mm I RT, 17 B DS FE PRI X 35
NFERZIRZ PR, FEN 10~20 mm, Z 21 BFFEKAE L. TR RS2 A RO SR e st i H RS
FEIBEK, BE/KH SRILPE RS —ARAbE M, W B b 2 m s T o

AT WAL R A% 5 T IR v A BRI B K Bk 2P M58 1 5 0L b, AR AE R, BEK
FATIAEE )M S, DN 52 BRI RZ R . O T IR R AZ G HL TR S, AT A X B
W TG M2 B AR DY AN b T Y 53k o 3 M T P T S Bl A ) (A8 4k, 615 o, BT RVAZ B HL I,
HOTH S A BhBERE I T E RS, AR BE. M2, mMmNsit, A, 200 I O
WZBERT, FREEET I 2502009 10 43 80A 18 4350 I & BB ORI AR R K, FREERT 2 23 230400 10
b BAE T EOM W ERAYE, NSRSt AR R X R A% T A R
(A2 20 7350, FRIAR 10 %0 BN E S RASENE 10%~30%.

N A8 W b () TR 35 I T R B (FD B ARSE, 2015 FhEAESE, 2017) [14] [15], T kT2 4%k,
A AL R R AZ B SR R A R AN = T 40 dBz, 4000 m B B 2 tp g ik [l MR E /N T 35 dBz, HEIA
MRZ I bR Ik IR N 25~30 dBz. Kl 6 R R G = R £ AR AL, =W HIEAE
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Figure 5. Representative site rainfall distribution during five minutes in aircraft detection area (Neiqiu, Xingtai, Baixiang,
Nanhe)
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Figure 6. Vertical profile of radar echo on flight trajectory (a: 15:03~18:32) and superposition image of radar echo on ver-
tical detection and flight trajectory (b: 15:37~15:53; c: 16:31~16:48; d: 17:49~18:04)

B 6. $iTHIE EME AR B ERIE (2 15:03~18:32) REEFRNHAEIE AR 5 ¥ ITHIEBME (b: 15:37~15:53; ¢
16:31~16:48; d: 17:49~18:04)

4. IR ARG FES th
4.1. IKEF R B NEFHESHT

I A [FR 8 AN [ AL 2 ey B S5 48 2 7K o3 A RFAIE , 3 B A J2 B A P47 $R50 s Bt CDP
CIP ZHE TR S LI 2 AN [F) RRE R KL T3 FE AP BLAR . FAZR S /K SOW I 21 TR K & B AN UKoK &
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m (L1-F1) A7 HRM i 72 o SR E &P = oW B 2 B U 26 I [ 40 AT, &% m FE R IR EEAE 1 C A8,
NELZE . 5 7a BoR, CDP W E K b 7 PR E N 7 x 10* L™, BRI AN 3 x 10° L7,
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TWC &K EREFEE] 0.1 gm > LLR, RN = b PR R B I B, = W5 DR KRBT
T BH O R A% K B R AEAE R DU S, TR K& T 38 0 B /KORL T3 1 R A% NI B, BRI T
R A AL, I TR T ] od ORI RS S TR A T L 1 I 3~4 A3 PR 22 R A
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DOI: 10.12677/ag.2019.93022 190 HOBRBL 2RI


https://doi.org/10.12677/ag.2019.93022

REsk 5%

dBz [IIR1R, SRR AR I B A 8, T BEAT iR s iR 22 .

350000
300000
250000
200000
150000
100000
50000
a
0
15:10:05
0.7
0.6
0.5
0.4
0.3
0.2
0.1 b
q5:10:05
10
8
6
1
2 c
0

M

15:12:58

—IWe

15:15:50

15:12:58

15:15:50

Pt e AW

\_J\/\/\—-m

15:12:58 15:15:50

2017.03.

15:11

15:15

25
m2 m3
20
15
10
5
0
15:18:45 15:21:36 15:27:22
15:18:45 15:21:36 15/|24:29 15:27:22
———CIP N 800
g 700
600
500
400
300
200
%OO
15:21:36 15:27:22
|
-
|}
-
e -
I ]
=
|}
T%,_ Batl s ;
n 1 ] SR
15:18 15:22 15:25

Figure 7. The variation of the micro-physical parameters in the cloud during the 3676 m
plane flight phase Figure
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Figure 8. The particle image of CPI high resolution image probe at 3676 m height
8.3676 m mE R CPI &SRS GIR LIV EI 40K F E 5

DOI: 10.12677/ag.2019.93022

191

HERE} A HT AT


https://doi.org/10.12677/ag.2019.93022

REsk 5%

4.2. R ERLFIEYFE

S AT AR R B BORE 1% DB B 1 AR N R OB AR R, Dk — D LR K T L 22
FEHEA[16]. TWC LRI NELE 8 mm WFEIHEEAL RS, ARMASK Al ERHEN KR, BB RHEK
iy LWCARIRERNELE 1.8 mm, K 16 mm EFTEAL RS, AL ] LWC 1L A 25 5 KA
PRI AN BB 58 A U 28 2, ANITAEAS LWC 75 368 21 K I 301 il Ak 1 R 3 B e /s, RIS TE Rl ik
JEHRAEH T TWC SKEHIREATHR I 0. B9 A T HIIE RN 3676 m A E/KE KM T IR 1%
i, K 9a RIS EOR, R XSS, W EAAS RN 6 pm A 14 pm. 24 TWC=0.1 g'm > I,
TR B, (B2 3~10 pm /N SR, 10~30 pm Kz kTR R, XTIRE 7 047, LI AE R
BWN. TWC =03 gm i, =k FREHEAE, 6 um R 13,000 L'um™', 14 pm WK E
113000 L7'um™, BB WZATEEY, =W EASREE, s FREHREK. 54 TWC =05 gm”
i, 3~10 pm /I ZHE TR EE I BB, 6 pm BB IR BE R 21 1000 L'wm™ 4247, 14 pm WE{E IR FE 1 4 51 7000
L'um™, HERFPEEAN A, 17~30 um KR PR ER0; MK b FFACK T i AR RS,
TWC =03 gm” FEAPHEE I, TWC=0.5gm> N5 Rk, BEWKEN0.0082 L um™, 1[G H
% TIEMHEAR 580 pm, KT TWC N 0.2 gm 5 0.4 gm I (55 IS B 4%, i TWC = 0.5 g'm° It},
W HIUKE KRR, KT 580 um R ADERE, SR, MRZAT RN, 28 BRTIR, XA A% K R,
PN, KERR T NAEA Bk, AR EREE S, NFiEE 6 um 14 pm &5 5 H I
13,000 L'um™ A HIEMRE, TWC §/KEEH 03 gm>, {HzE N T BRI KR,
BT BEAEWK, 1E 6 um &4 /N A RLF IR EEIRGE N, KT 14 pm BERZRF3GN: mAZEN B,
R EEH 10 pm VL B RZRTFAR, KN SKELEEEM, SKRERKET 0.5 gm”;
T, RO AR, SKEREE 0.2 gm” LUN, = WAFR D BRKR T

14000 0.0124
] E —=— TWC=0.1gem” .
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Figure 9. Spectral distribution (a: CDP, CIP, HVPS) of 3676 m height layer under different water content conditions
9. =M 3676 m EmERARIAKEZHF THIIL S i (a: CDP, CIP, HVPS)

4.3. MEARTFERERNEL

BT = R I R BB B, B Lk T BV (¥ 2 P 80RE - BLAR B e FE TR R 4L, R K
B BK & BLWC) KT 0.2 gm > fEARHR =& /KERE, S LWC /M 0.2 gom™ % ) CDP
RS B ) 200 TR FE SR, IR CDP Sk W 1) ) L 19 B 4 036 /2 KT 20,000 L 1 AL =
RIBBIME, /M FiRE/NT 20,000 L R0t s KR JE = W HBURK IR T = HeRE,  Rkg)
& 2B TR CDP N /MT- 20,000 L %8s . 1410 &7, A X B X, C X 3 IR KI = A Roki 72
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Figure 10. Five times vertical detection effective particle diameter varies with height (LWC
greater than 0.2 g-m73, CDP n greater than 20000 L', hl:a, H2: b, H3: ¢, h4: d, h5: e)

B 10. IREERMNERAFEEESEEL(we KF 0.2 gm”,CDP N AF 20000 L,
Hl: ARX, H2: BIX, H3: C[X, H4: DX, H5: E[X)

4.4. ZERUNYIELENEE SHIFE

N3 TR ORI R A% ¥ 25 AORL I B 25 1 S B /K A3 A REAE . X KL = R B = T e B A =
AN A] B ZORMB e TF AL B, A\ CIP FR LA 1) TRk b I BURUEE S 100~300 pum FRTRE TV BEAE S UK it 80 FE
300~1000 pm K TR EIEA DT SERE, M HVPS #:3L FRHIERL 1000~10000 pm K73 1R A B KR
TIRE . 02 CDP RSB =R TR KT 100 L1 AR AR 5 /K B AOU 3 AWK & & > 0.01
g/m’ I AL E 2= i (P TR %%, 2015) [14]. = WIMAIFE 2 B0 B AR ESE i 45 L 11,

M 11a FE 11e FTEAEH, AL Cy D AN XSS R (1) 2 1) 2 M EE A K, K/ T 2000 m,
KT 7259 m, 0CEREALT 3900 m [, =WIEREE-164C~105C. mRANNENAR, KEE
EA—EMZEMN, OCEL N mikER R, M REBVN, BRSPS & LI FT i A2
(AR 1) v 2 B IR BE 3 ) o 0°C 2 BA v 2 OBl 81 1 R B (RO 2 i VA /K UK SR A S ok 1
AR PTG DL e = AN XU BT /N 220 R BE B v B2 AR A R 2 000 A, HRAREOR, LWC &K E
5 2R B LA B IR AR O

A XBZREZSNETHZ, 4500 m UL ZRCFIRER, BOAKE N3 x10°L", 4500 m LL b=
B FIRENT 8 x 10° L7 =k IR BEAR KA HBLAE 4000 m (] 11by), KA S /KEN 0.6 gm™; 4500
m L EAKEEANT 0.05 gm” (4 11a)). CIP FLMIMTE 4500~5200 m HEL 100~300 pum Fi FHE =
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BIX, 4700 m FAHKEEIE 55 L7 (B 1e)s WRE 1R, =W EEHIRFIASRUK SR 78 E . 4500~5200
m KREEAKEEER =AER: 2 KRR L, 4000 m T 2k F IR BEFI FKk Bk i s —
TR T, mR TR KR ZE BFUKE 30~100 um FIUKFRL(E 122); =& iZZERE-3°C~—5 CiE
GEPIRFIFIRUK S E A . 6800 m BA B HIL AN ABCIRIK SR (B 12¢), 100~300pm [ UK fibFL 94 B2 KT
300~1000 pm [ 3 SR FIREE; HF 7 6700 m B, &5 &RFIRE K TOKMPLFIKE. B4, 6800 m LA
ERROK RIS TR T S (1 12b), KRGS EUTER] 6700 m S MIREEE ., 4500~5200 m
UKARRL IR Iz 55 F 6800 m LA UK AR KL TR, (HiZ)Z S dih FAREIRE /N T 6700 m ARAEIRE, £
RNz N AT M5 2 B8 B B 7R FRIEFF 25 k(B 11e)o 5000 m LR ¥ 2 FR UK i 438 K A0 485 7 HE
KB K, =N A KGR, 5000 m LLRA R T ZEid Rk 81%, 5000 m B EH)#A =
FEEAIKE AL 20%, WHA S FERKSHEE T =5 80%1id A 7/K.

C XAL T Bsmx RN AZ R R INFZR A=, B 11b, 87, 4900 m LN =k Pk R, KR
N3.8x10° L7, 4500 m BLEZREFIREANT 1 x 10° L7 & 11a, B8, 4400 m HBLRGE & /K B RAE
0.6 gm >, 5000 m A E% 7300 m AK S BEYERFAE 0.20 gm” A4, 3600 m LA I TWC VKoK & & KT
LWC K&, RUGMLZE L B WRFNKAKIBE 450, 15 13a 7 0L 30 um DA MR R IR K,
Kl 13b i, 30~100 pm FEZRIUAAFN FIOK R BE R+ 0CZLA EaWRFH =W KE . &
RLFFIPK i SR AR A, TWC VKK & &K T LWC &/KE, 5000 m BLE TWC MoK & &EE LWC FKE
ZEEREE 1.0 gm™, FHZKEEHIKBRKSRSEAR. E e, Ml 11d, 878, A=W 100~300 pm
VKSR TR B R R LTI R, 6800 m vk SR FIREIA TR 90 L'y XN 1 RIL, A=l LdhFE
B UK. FEMKGE RS RERE TR, PR TR SR (11e). M CPI HRELERMMIK S A (4
13C), A= EHRTERUKS & e LR, BN EKER, S REnEERS = H RGN
ARG A KR I E] 7000 m FHIT . X A UK GE TR B, 5000 m BLRIEA K S HE 40%, 5000 m
PLEIA = BRI A K EERE 60%, SRR Z R G 2 iR I 55 TN A% TE RSB IR BT 2 P S i )
Aot EEFIENLA ZMERZE .

E X AFEEIR = (A 10a; FE 10bs), HAMBEMEFES A XA C X eARF, mhiFikEst
A1 x 10° LBLR; WA KIE 0.1 gm” BLF, SR E/KEHIEZIR, CPTHSL W) B &
NS K E R R E R F RIS RS A . 100~1000 pm VK 5 M E B 4500 m (4] 10cs),
L1417, EEKSEBIKER, X 2~6L" 1000 um LA_EBFEAKK TR AL 1~3 L7'(&] 10d; A1 10e5).

i LR, XRWAZN BRI 2 b TR B, AR, W RnE s
Kz, Bt BEdWKEE . ERmZKENB, 5000 m PLERIE A K S I 60%, A= E)E
AR B VK SR IR AL T W 25 s AR EZE 2, 5000 m BA R A N H T T8 BGOK & R 485 AV L v
KHE 80%. = H A K — M LLE AR 30 um LA R =R FRIZSHIL, B2 30 pm PA R 2 DAk sk Y
DR TAALE, RGN AZ A T I, 30~100 um 24 TR T. WEZN R KR, okl 1550 T
A EF A ZIE 7000 m B2, UKTURLDEGE K BOK SR, UK AR AR ELRE . ZER . AP RS
a UK R A S RO B REUK R EMTE NIt LT a R UKRRL, SohL AR T
VK ED 2 SR IR K ORI KR, 3T 78 NBE 2 J5 Bl AL BT R (] 10e). CIP FRSLARI 1K
= A (BLARAE 100~1000 pm) (K] 10c, 4 10d,), 4500 m UK SR ER K, 3560 L', {H TV EAR/D;
5000~6000 m, VK FIKEFS] 10 L7, (HPHEAHKD] 400um , ZXIWE T W ERRAK E AR KRR
i 78 « N HVPS #8000 %8 BHE 7R (B2 KT 1000 pm) (4] 10e,),4500 m BA_EF 8k Pk s 3~5 L7,
FARTFIER B FEF: 4000 m 247, IREERRK 1~2 L', HERRK, N EEBENSIER T,
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Figure 11. The cloud particle concentration, the mean diameter (a: CDP, c: CIP, d: HVPS) and the hot-line moisture meter
measured at different scales in the vertical detection flight stage. (b) Variations of particle size distribution with height in
different scales (e: CDP, f: CIP, g: HVPS)

E 1. EERUVYTMEAEREN TR FRE, FER(: CDP, ¢: CIP, d: HVPS)RALEKEMSENRIRKEE,
KKEE, BEOMSENSH; TRIREMNNFILHESERNZEX(e: CDP, £ CIP, g: HVPS)

Table 1. The distribution of ice crystal particle shape with the height and temperature in mixed cumulus clouds of region A

= 1A RRERATTIKRE BT IAABESERRE S 2 HHE

BifEm) ECC) A X(CIP #R3K ST — 4EFI15) C [X(2DS #RK LI —4EI15)
- - ‘" *. e W T r PR P A o.'__"*" f dead " ‘ &7
7248~7259 —16.4 " ﬂ_» -"4 Cue _,-" i .;n" e D — “ .ﬁ’ P
~ B [ P . °y ',, Lot 1, e >
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Figure 12. The particle image of CPI in the area A. (a: 0~—5°C, b: t =5°C~10°C, c: the top of cloud)
12. A X CPLIRLSEMKI FEI K (a: 0~5CEA, b: —5C~10CEH, c: =INMIL)

5. &hig

1) KA SREARGERNAZRE B B i, =/EKT 7km, 0CEREET 3577~4004
m, BBREERT 2 km, BREEKT 3 km, nRIEHEN 154C, mTEERN-17C. ZNXRNIZK
AR, AT 2 T B AR T2 2000 m
2) MR E = PRT AR . RBE | RS8R A1 5K BN o KB AZ 7K P RBELE 8~15 km,
/J\E’mmbﬂﬂ?E’vk%i'f“fSkmEE XL W AZ FF S ] 7E 45~60 438, Xohit MU AZ M T B YRR 420 7] 2
0 735, HMIAR 10 2%l XHRNAZMEN & RGN E 10%~30%.
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Figure 13. The particle image of CPI in the area C. (a: —=10~—15°C, b: =15~16°C, c: —=10~—15°C; the time below the image is
the world time)

& 13. C X CPI #RLSLMKIFE A (a: —10~—15°C, b: —15~16°C, ¢: =10~—15°C; BB T AAtE it FaT)

3) SHRMAZRER, =W BTN, KEsK A aRR BiE, RrREREEm, =k FigE
6 um Al 14 pm 440 H1H I 13,000 L' pum ™" 7645 (IR, TWC S/K A 0.3 gm ™, Bz BRI TR D
&ﬁﬁﬁ% WP EAEWA, 756 um 24 1)/ o R R BN, 14 pm K R IR IR 218 T

s UIAZHENEY, SR EEH 10 pm PL KR PR, R EEAETR T, = A IR E K
M¥ N EKEIEBI R, L 0.5 gm™; T, R FIREERERRE, S/KEMR 0.1 gm” LA
T, BWAFE D REREKRLT

4) BN BRI EEMEE FTHmE K, SRRt meE, P BRI mE, fixkss
= FEM R TE . 8% WA = RS A /KEREIE 0.6 gm™, 5000 m BAEA = Efi A /KA 0.2
gm, HFE KRR _E A K 5 A 7 4Rt A K Bl B il 60%, = = i A 7K A % R 1T 06
R MR BRI, IR E#-5C~—10C, & B Tfbffl.

5) BahA P FENKSEBREEX, WETHASH LERNKBELEX, E4AH LT TEHRE
KL BN OK o [FIR, A% A B2 B 30~100 pum FhE 1o ¥z Hr ok S 1S S I o0 A A e B2 IR
TEWE AN BMENEPTESERAENIL, EER AR T2 HBE 0°CIHHE.

EHEWmHE

WAEE R G R BT H (16kyd03, 15ky20); 1648 SR 5 42 3 M55 5 o5 90 50 = JF e 72 2 4 0 H
(22016027)).
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