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Abstract The microphysical characteristics of multi-layer stratiform clouds in autumn are examined using layered
vertical observation data of Particle Measuring Systems (PMS) obtained during an airborne observation experiment over
the Sanjiangyuan National Nature Reserve. Results show that cirrostratus (Cs) and upper-level altostratus (As) are
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ice-phase clouds, while lower—level As and stratocumulus (Sc) are supercooled mixed-phase clouds. The particle
concentration and the content of supercooled water of the lower level As are the largest in the cloud system. The Sc
particle size and spectral width are the largest and shows clear regional characteristics. The median diameters of the Sc
(lower As and convective bubble) cloud particles are 3.5-18.5 um (3.5-21.5 um) for the liquid phase and greater than
21.5 pm (24.5 pm) for the ice phase. The differences between the higher and lower supercooled water in the cloud
particle spectra are distinguished. The high supercooled water area of Sc exhibits an obvious rime growth phenomenon.
The effective radius of droplets becomes increasing large in Sc, at the bottom of the lower—level As, and on the top of the
convective bubble. The content of supercooled water of the high subcooled water area has a mean ratio and standard
deviation of 69.9+19.4%. In addition, the fraction of liquid water in Sc is related to the supercooled liquid water content
in the high content of water, but there is no obvious variation in the lower-level As, which shows a mean ratio and
standard deviation of 89.2+8.1%. The cloud particle spectrum in the mixed-phase cloud observed by the Forward
Scattering Spectrometer Probe (FSSP) and the Two-Dimensional Cloud Probe (2DC) are respectively in single-peak I"
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and negative exponential distribution.

Keywords

1 3|8

VLR AR DAL T R e R, R
VL B eV R IR T A 4, Wk 3450~
6621 m, & [B Fraf AR FH0E H 050 SR AR SR
AR IR X IG5 1 (ZEAR45, 20065 #1245,
2007). )Lk, VLU RIS
(ZHREE, 20065 P55, 2007). BEsK & kb
CHL RS, 2007) - HLy A R RE Ak A
SR (HPORENSE, 2011, 2012). KM
ZHL X B K i R R K AN R S
AU, FIEAEEITE 1997 FIHMG7E =L
JEHL DT TN TG R

o 7 VA R A5 T R o D SR (VA S S B
BT B M R K I R R R R G (T
SERIBRAEIMR, 1995). BHZ = AR = R K2
= (Sc). FE (As) S EHIR AR 1% X H AT
R GRAHESE, 2003), 252 KHLA TR
VENARK M EE H b o ik mxd iz X =
F AR B A A A URRT N T B W AR AT
2003 4 9~10 H, HZEEIIECE, =TI S
YT T K0 25 B A MR 5 . T8 b A
PRI AT BV, DA e T WL gk =kl
A4 (Particle Measuring System, f&jF PMS) Fl
N AR A O 5 I BRI Y ST 2R 2 AT
T 2B BRI B AN ®AT o HE T RS T
SAAFIBRE, AN 2003 4E 10 J1 11 HEUS T8
Shy BAEFR R0

ST 2 EES I, PMS 2R 406 45
HERFEFN (Miles et al., 2000). {Ef & H =

Sanjiangyuan National Nature Reserve, Stratiform clouds, Airborne observations

B = BT FE - 5 B i e U v g
iU R T REERIM, Hobbs et al. (1980)
WL T = RASFRBA BRI A AR, SR T e
T 7K A b A B 7S A B 2 7K W 7 Herzegh
and Hobbs (1980) & IIBEH M 10 “IERh—1Les”
ML AT CASRE = Bk %% . T 254F, Fleishauer et al.
(2002) 73T T SRE R g HCH 5 IR R w5
WK % CLEX-5 (the fifth of the Complex
Layered—Cloud Experiments) HH 2R A = N4
GG, HiRRY B P AAAEE ORI 8 )14
). Korolev et al. (2003) X & KEE 2k 2 &
BT T30, RV 2 okoK & B ANBUK &
AR I BRI U/ o Field et al. (2004) ZE6
OB U R T A R X S5 2 v R I v K R K
fiio McFarquhar et al. (2007) 7EREILHIRAS =
% M-PACE (Mixed-Phase Arctic Cloud Experiment)
HIWTFE 4 AR ], PR in s DK ZRTR 5 2= s
2 ¥ 1 38 K L O N k45 18 K . Lawson and
Zuidema (2009) £ 55— U Fr JZAR Z UARAT TE I
H Jb# =% FIRE-ACE (the First International
Satellite Cloud Climatology Project (ISCCP) Regional
Experiment-Arctic Clouds Experiment) 574 A&
M, AEWE RGPl A R L3 AR (1% 5 A1
FAR—H

[ AFE 20 tH2D 80 4EARS|HE PMS Rga, T
BT 2 ) B R 4 DU N T R e 45
MRIREGT. F BT T “db07 R s N TREK
WIEHFIT” (KIS, 2002; FE2ER, 20100, iF
ST FE G 7 BEK A BHL R B AT S 7R A =
HHOK S AR B ABE (PhET, 2006).



xR ¥ 7%

1040 Chinese Journal of Atmospheric Sciences

Vol. 37

IEeApEsR, [N S S [EE T 2 &0 PMS R4,
E—2edb 77 B AT T KW 5T 75 2R 1
M, B CES (2005) KRITILEZ SR 2
IKRGAAEARI S, AREEK s WA, T
B (2007) K AE e b X — UK PE 2R = 0 T
gERRI o S AN EIR, FRITRAAREE UK b ik
TR R AE Ko, SRAMESE (2007) Xtk
I JETAHIX FOIR 2= RIS TR B, T B R4
KSR VEA R, EHAR/NT 400 um [ 20k i
RUSEAFL, TRT 400 pm (K kL TR fE—8
°C 2 b Rl ok UGN 22 W T 3 Ay o ok A ] 55
(2011 XF I ARFKZERE K 22 R ZAEGORN 0 b &5
WA, ZRPAAEB N FERELAR K, Bk
HAFRE . T E (BEEESE, 20000, FHiREARALES
(AR RN IR R, 20015 IR IE A4, 2003).
Hlt (A, 2003) 2562 (I BRRRAE
BT T RIS . LA 9T 9 N T3 R 1R LR
BETAT IR AR, TR AT R BUAEAN A (RS &
GRAFHX P HTEEAT T, =R OS5
R E SO FRAEAE A 2 A AN S Ak

FR Y% 25 2R 10 % WU HE B0 AT AT 1 5 1) A 2 152
Ths K2 F A e AR R A 52 Uk AR A ST
M4y B CIFROE, 1994). mT C AL A2
B2 5T IBR ], [ P AL A5 A 5T T A
WMAZ I (EBZ, 2007, GkAMELZE, 2011).
2003 4F 10 H 11 HERHLBIH, BL“ 55 2 m] 2
BEERIE” AT TROMBUr) PMS KM AT
RIS R B 23 SR, Bk, JRATTK
OS2 5 E b 7 oAt b XA [R] 5 28 = R IR 7
MEFL AP B G MR AR DT I 22 57 ik, =
RS A K B RS S L,
N LM RS ) 52 G CRrfEIAS, 2008) .
X oA 2 R RS K AR ARRE 1, ) B S0 )
KRG . BUEA I S E . KRS
ST THARAT B X (Field et al., 2004). ikt
(1994) g : PMS RGAT 4Rk BTk 45 ]
RE L A7 Z PP PRI T HE, AR 2 IR okl n]
MRLTFIERS EAR AR, ARk RO —
MR T 150~200 pm, A —4E 77 1) HURR Sk
LI (1) 7 - 1% A 2 AR 7 AR S IR AR KA
e bk, WA A G BAEE A AW, PR K
1R RUBE IR/ IRPRL 7 1R AH 25 58 00 22 4 o R 56 4 il
Yoo EPNFEX TR —BHEARZ ; &h, =

PN E B K R A PR R - 33 2 T BRI R RS A T I
P, AE T KE SRR KRN A1
ISR (I, 20100, IR0 2 R AN A o
JE 5 R B R s R i, A RT TRk
BRI BRG], o N T3 AR 2 1 J T 3
BEARH .

T UL E=J7 1 H 8, ARSCRFIA 2003 4 10
H 11 H A PMS WIZERE, 0 VL5 X X — i R
RARGHTEMNZ )RR A R, AT BRI
(1153 WA 5T
2 EERRENE. TEAEMEHRE
2.1 PMS WML R HiIRELIE

2003 AR E IR RHUMIIRE R H T E A %
BEEEHFFCRE 2002 42 N SE [ 5 [H3EK—EFT 1 PMS &
. EARLG (KB, 2003) MK B 2251
K AEKHL (Cheyenne—IITA) PIMIFIHLEL FEE, S48
SAEREIAATS BT #HEAT T RGEMbRE. 2003 4 10
H11 BRI AT v A FH ) 32 AR DA i 1) H5OR
PP IRk FSSP-100 (fajFx FSSP). —4i K% =
i T8k OAP-2D-GA2 J 2k W & 7 7K AL
King-LWC-5 (f#j#R King)o & ZRMALAS RATESN AN
1s'o PR MBI ACR T, 4B B AR T
Rk OAP-2D-GB2 A MM 2145 A

FSSP A Tl RER /N =R F, 4 P45
P, AEANRFEN AR5 0 15 ANIEEIE . HE ORI
KA EANEIEE Y 2.0~47.0 pum R, PR
3 3 um, FSSP H{i{ 4% D;=3.5~45.5um (=1, ...,
15); OAP-2D-GA2 J2& it OAP-2D-C (FFE N 25~
800 um) MI¥ RIS (hfajfR>h 2DC), H Tl
= M BRI AT SR I e G0 RE, IRk T
BEARVEHEY 25~1550 pum, 43K 62 ANEMEIE, 7>
B0 25 pm, 2DC HHH E AR D;=30.12~1550 pm
(=1, ..., 62); King %L T35 2 A /K & &
LWC (Liquid Water Content) (id 4 LWCking)s IE
W ETEE A 0~5 g m>, HIRZERE15%
(King et al., 1985). Rl W4T %) King #Rk#EAT
20 RS Y 2 SR IDORE B VR S 7K 5 o S DU () T
SERERRE (Feind et al., 2000; A4S, 2004).

X T FSSP 1 2DC %5 —4Ewif [ B . —4Ee s
Pk, HORZER AW : B RS R 2= F
RLFUHBUR R ZE GREEEE, 2010). Coelho et al.
(2005) MIWFFLRBIF AL FSSP 7ok Tk B /N T



5 1] TR ZTLRH KA TR 2 SRR R I TEH U 43 47
No.5 WANG Lijun et al. Analyses on Typical Autumn Multi-Layer Stratiform Clouds over the Sanjiangyuan National ... 1041

500 em™ [R5 IR R B AR AT BB 3%~
7% . B, ASON FSSP B2 AR TUFH K. S5k,
Gardiner and Haslett (1985) #1 Field et al. (2003)
FRAERLI P A IR KUK RE 115 FSSP 4k R AlE i
e, 22 NAIE /UK S BEROR, A FSSP {EUK
= RINGE ) 2 B — B RIS . BIRAE = 2
UKz TP, PSSP JL-F R I 2 28 1. P
Uk, %K FE XA FSSP A8 k] A 3 B 50 o
Korolev et al. (1998) B 5TIt 5 AL RS
TR Sk OAP-2D—gray HOMNERE S, KIW
RS TRUMRET (AT 100 pm) A RS
ity BARAL AR P T ORI I %, JUH X HAR
25 um (/N R 1 (1 I L 413K 70% . Bau-
mgardner and Korolev (1997) F Strapp et al. (2001)
WL thR ] 2DC e/ B (AR T 125
um) FRERAIRER —E MR, K 2DC % 1
FIHE (D=30.12 pm) KRR EEH (25~42.5
um) 5 FSSP 2 9~14 W&EHIE (D, =275, ...,
42.5 pm) FNESEEAA P S . AR T, 1E
6250 m %)=L, FSSP ARAEMME k7, {H
2DC Rk D;=30.12 pm F 0 2 38 38 ORI 31 T 800K
W kL, HAZK B ZUE WAl FSSP L
Moo FTLL, ASCINHA 2DC BR3K7E D;=30.12 pum i
PARASRL 3 RETHI AT REME SR J6T- 2DC _Likdkfg
% re, HZ M CHk (McFarquhar and Cober, 2004
McFarquhar et al., 2007) FZORMGE 5, ASCHE
FSSP AWM FH R, ¥ 2DC (W3S 1 Pk
7v, HUEL D;=54.88 um LA b id i Hcds b AT Ab 3 . i
1 FSSP COMLINAS 244 i 2DC A k), B85 HAh
HuIX 2DC MMAEAELALN, H 2DC % 1 W iE %
BHOENZIH, LEZ% . 534, McFarquhar et al.
(2007) #£2] 2DC X EHAZ 1300 pm PL_L Pk 7k
FERII B AL — 8 AN E P o A URERI AL
FIEAAKT 1300 pm LA B 2k, 1R Z 0 A
2DC K BRI B o
AR T HABM LGS B /K =SS, King $85k
BEPR UL T RS A 1 52{E (Feind et al.,, 2000). Isaac
(1991) 7E InE= K Frfiif) King #83k 5 FSSP [ e
M5 RFLH, 76 FSSP il H A% =R P 8 A s
IKITEOLR, 1 LWC AR Eh 2k LT 52 A
£ 26 [® g B KR U5 A 5 5l % VORTEX ( the
Verification of the Origin of Tornadoes Experiment)
(RF5CH, Feind et al. (20000 £F X2 KU A

Wb I, King BRI/ UK SR = 2R R, A
& mfl = SR K% & . {H McFarquhar
etal. (2007) MUBFFTERI, XT3 2 ik v /K 4 i
FRGAHZE =, XPEmARGS N . 35 )RR 5%
KR 45 9 (Strapp, 2003) F W, King KA HL
THEAE 50 um LUF 5 KRS KE 8, HAEBER
50~200 pm i [P0 R R I S BRI 1
70%~45% o AL BT 45 R R ] VTR HLIX B AR
50 pm PL B 2RO UKL (PRI 5.1.20 5.2.2
), B LLZ IR 6 A King 85k ML IAS 3 1% 5%
M) o
22 WHMEETERZHIRE

A% E AR S EORE N (total number
concentration) FI*P-#4)EH 42 Dy, (mean diameter) ]
PR PE R E A%, ) Ny F Dy 2575 FSSPFT il (K
JEREAE, FH Ny Fl Dy 75 2DC Jrill i) 2 F B
%, H Nas0)fl Dmae=soyde s 2DC Jrilikife D>50
um P F (R D;=54.88 um, ¥ 5F 7 D;=30.12 um [f)
TR R R EAR

XFF FSSP, $&4n N ik ATV (Miles et al.,
2000):

N, =3 n(D)AD, . (1
i=1
iamqmq
D = (2)
Nl

LWCissp :%X1076 plZDfn(Di )AD, , (3)

i=1

Horb, Ny PR em™, Dy #4674 ume D; 4 FSSP
o i MBS P EEA AL pm); AD; ARE
TEIEIE AR, AD;=3 um; a(D;) SN @ I IEIE Rk
THORE AT BB A7 em” pm D), =1, ..., 15,
B n=15; py VRSB (ff7: gem); LWCkssp
N FSSP -5 BT IS & /KB (A7 gem™),
RIKE FSSP A P BN 21 )z b~ A R T o

XtF 2DC WE Ny CRL7: L7 FIE AR Doy (R
e pm), FKEX (1) 0 2) kB, Hok7H0k
JE AT n(D) 2 L um ™, =1, L, 620 1R
17~62 W FIAIE AD; =25 pm, 1F 1~16 Il HHE
AD;==25 pumo MHUKIE N =500 SFEIEAE Dieso)
i, RPE =2, ..., 62.

PR r S =A DBURG IR | S (Ol 2SN 3 2h 2
P A B EE ET L BO) AK QliERIt, 1994). =



xR ¥ 7%

1042 Chinese Journal of Atmospheric Sciences Vol. 37
AR rew (effective radius of water droplets)
ik (Martin et al,, 1994; McFarquhar and 2500 -
Heymsfield, 1996, 1998; Miles et al., 2000) - 5000
n D 3 2
zni( 2, j AD[. 7500
= i , ) % 7000 -
< D, 6500 -
zm(JAQ ,
pr) 2 6000
VKF 5 /K& IWC (Ice Water Content) A DL . E
< SRR T ke s b 2k 1 7% 5000 -
PMS #5453k Bt 0K AHRL 1~ IR B0 5 29 A bR 50 % 101 ,4°E\|0|5¢,E\\‘ /’ﬁmﬁ'\’

fHE AR B vH 5 QiF k6 4%, 19895 Brown and
Francis, 1995; Mitchell, 1996; Heymsfield et al.,
2002; McFarquhar et al., 2007),

IWC =Y aD’n(D,)AD, , (5)

j=1

Hrr, a. b Rl &8 R L

LIPS R AE BN X B A5
AR AL W W £ 555 B A7 0 R 2 R B I 3
i, FFSIFEZENHIN AL = & T2
ghL (ZEMEoRAE, 2003) KA SCHR 45 (Cober et
al., 2001; McFarquhar and Cober, 2004), 7EJRAAH
A=l LWCrssp KT 107 g m B, UK
L N, KF 0.1 L7 B

3 HMNTRITHUR & & R B M EEHIHHE

3.1 RMNTRITHEER

2003 4E 10 H 11~13 H, ZABASS 51E
BRI SR I SL FE T, = VOV ASER X B T 3% H
FIRN RS 10 A 11 H 08:00 (dbxithf, FIE) 500
hPa 5 2% A 2 W 12 b XAk 1R 1) PG R RN <
o, ARV SRR . W X R A
(34°44'N, 101°36'E; 3500 m). ¥&JFE (35°2'N,
101°28'E; 3663 m) Hi¥fi. JH[F§% 08:00 Hu iyl
ZARNWOCERZ (Scop), FFELAFMELT 252
7K, 14:00 Iz RoNECZAR 5 (Sctra)s )
14:00 zRABOG )= (Asop)s

10 H 11 H R CATHRI 2 5200 SR v e b
K e 1447 TR BN THLIZE &, 2R
X 255, FEMEF R PEAEL) 20 k. PEESPH R 25
km [ 123 St 43 R LR A kAT B 1T
M E RN AT 2k PR EAL RS GPS (Globe
Positioning System) W&, 15:33 KHUET %
WK T (HD 7800 m, ESERU— )2 P AR,
FEWE NP IAUTTFLRSE 2P C8,  BPTR a5

101.2°E 151 15E 34.5°N

Bl 4 R E AR AT GPS (ABR TR EAL RS0 fiiiklEl
Fig. 1 The GPS (Globe Positioning System) flight track of vertical

sounding in layered itineracy flight

JE R H R R AR BRI, RETTIRE R
IR N 78 /P = > B % ¥ g == N = 7 NE I eR el =1L 3
5200 m 2. KL RERM 6 2, B2 RERIEL
500 m, AR RBSEE B2 40 km, BRI CATILHE
20 1 he RS CBUCT 1 B StV LA 5 3= A

T H PRI S AEMARES AT S5 40 min )5, ]
TR IR, BRI BER 17:40~18:27, %
KEAN 1.6 mm. 20:00 ] g5l 2R RN =
(Cbeap), FF4E 20:00 2% Hug = HILEFEAK Gk,
), BFKEHN 5.1 mm FREEE 1.0 cm). IGITH
FEPEN 20:00 B Z0RWBEE 4 Cbeap,  JF HITR )&
FE7K, B¥/KEN 2.2 mm.
3.2 TEREMLEEMWFIE

AT EMMIMIL KR : % RIEECE R
LR rn—mEn—EM s (Cs-As-Sc), 4y 4 )2,
HHE I BAFLE 3 2T 2. £E 7800 m = E A —Fi
I Cs, HIALHEL 100~200 m, AME S22
IRe 7300~6800 m £l 6250~5700 m 7= 5 Vi [ A 2>
WHEW)ZE As, HIEAL500m (T 2. LE As =
RFAHL, REER, 1 FE As UK, HER
PRIRTE (JEZ1 200 m), 2 AAH I A 6 v 1 1 48
IR 200~300 m. 75 T2 As i E AL
B, HATE MHLEARIKHIL, RHZ A ARE
I I T8 MRS KA. 29 5400 m
FJEZLUR I KTEH Sc = H. A &abia 43wl 2
BT 24 Sc =i, msllai s, Hallz
()R] B Yk, T I 25 BRBR Z mT WLHbTRT,  H DA T Sc
ZIRAEL) 5000 m 4k, Sc JEZ 400 m. =i
b 25 BRI A 1.3~2.0°C,  KHLATESH FL0K.

R 1A T &2 IR R B =2



5 1] TR TR R 2 2 2R A B LI 2> A

No. 5

WANG Lijun et al. Analyses on Typical Autumn Multi-Layer Stratiform Clouds over the Sanjiangyuan National ... 1043

B BEREMRE. BRI, AT s REEE
() Sc Hil e AR e, oA A% 2 1A (RO 3
R AR 1.5°C. 1B 2 JiR 8 BEER m I
AL K 2 AT, BN A RLE 0°C ELLE,
A BAEEREI . XHFTIRE =2 KR
RERVKARRL 7 1 — BRI KR, BRT =2
B R RANBE PR AR PR A 1)
ABR=0.98, Wi BFEMKT 0=0.01 [H04, %
TR 5 i LR MEAR G 2, A% w2 A BT
DIARZR A Y (3R 2 . 5200~7800 m [1)-F-HiR
BbJE T =— AT/AH=(0.64°C)/(100 m).

4 SIMESNERESHFESN

41 THTRE. EEMSKENEESH
3G T m AT HE s RS2 18 n] T

BN FSSP. 2DC (D>50 pm)+ King kUM
HbE R GRED MamE. & 2. % 3 73051
T & E R b FSSP Al King #3k. 2DC #%:LM
MG G (SErh I B 1),

i 3 Al WL, FSSP 7E Cs Fl EJZ As W LR
M E] k7 (B 3b1-b3), RHHIXHE =9 B3
ARAHBEADNT 47 pm A RCTAFAE; King #45k
R B A v K (B 3¢). B2 As 1, 2DC
M) BT (D>50 pm) FEAELLTE H 0 A
2 As B, RIEBTSERR B A 2 R R R X
I, BLhE N RIS i, BRI R E A
AN Ak 2z 2 WA FSSP. 2DC J% King #3k 3 A Wil
IR

I 3bl. b2, b3 Flc, JEgiak 2, 7
XPULELTI FSSP AR 215 3 P 4 i T AR IR N

x1 SEFYRNMER. zBUE. BRSEMRE

Table 1 The time, cloud-layer location, altitude, and temperature during layered flight detection

SRR I A] Bt P A B QREREEE) (m) wEE (°C) PR RE RbRUEZE (°O)
15:33:05~15:36:16 Cs 7800 —18.7~—20.0 —19.440.3
15:38:01~15:46:37 FJZE As Ti 7300 —16.0~—175 —16.8+£0.4
15:48:52~15:56:48 )2 As JERE 6800 —14.0~—153 —14.6+0.3
15:59:43~16:06:34 T As TS CRARIE T 6250 —11.1~—12.0 —11.6+0.2
16:10:39~16:16:45 T2 As JKH 5700 —6.6~—28.0 —72£03
16:19:10~16:28:17 Sc R 5200 —1.7~—55 —3.540.9

2 FSSP M King IRLEZ L EERMNN ZMYIBERKITE
Table 2 The statistics on the observations from the FSSP and the King probe at each level
2 N Ni max Dum D LWCkssp LWCrssp max LWCking LWCking max

(m) (em ™) (em™) (um) (um) (gm™ (gm™ (gm™) (gm™)
6250 44.6 192 10.7 5.7~12.2 0.034 0.144 0.041 0.151
5700 148.2 312 8.6 5.1~42.5 0.078 0.201 0.069 0.174
5200 473 230 13.7 4.0~42.5 0.018 0.114 0.015 0.068

FEe Ni RN oy 4 FSSP YRS TSR Dot g FSSP A% Dyt (073348 LWCrssr Rl LWCrssp max /9 FSSP VL5 7K da 1 P (R A s
LWCking Al LWCking max A King HVEI A S5 7K E AT I /KB BB AN 5 K {H

x3 CHFFAZTXSERUNMEHMEER TR

Table 3 The statistics on the observations from the 2DC probe at each level

2 N2(>50) Ny 500 max Bm2(>50) D 500 max N> Na_max Bmz D max
(m) ™" " (pm) (um) ™" ™" (um) (um)
7800 6.7 252 91.3 326.0 166.8 557.3 33.1 99.2
7300 6.1 324 88.0 310.0 124.2 480.4 359 178.3
6800 53 21.5 87.2 2753 91.2 320.3 38.4 202.9
6250 4.5 23.6 84.1 178.3 42.0 190.1 53.5 178.0
5700 43 22.0 98.5 350.6 37.6 299.5 57.6 350.6
5200 3.1 24.8 216.4 1038.3 28.8 169.9 121.0 1205.0

T Noso M1 Nas0) max 2 2DC (D>50 wm) S (6 V- BEAR KA Dyagos F1 Diaos0)_max A 2DC(D>50 ) I LLAR (9 VBRI KA NaF Vo ma
1 2DC IRPEI I EABRAL: Dy 1 Doz man 4 2DC BRI P-H AT KA
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FiF 4715, {H LWCrssp M LW Cxing ¥ HBRAE H
W TR As BJEAEIKRER =0T 2934 Do
FEARBE T T FSSP &2, LWCkssp Al LWCiing thH
WECRAE: Sc " NEB Doy WA 5 T FSSP &
Fi, fH Niv LWCrssp & LWCking WD T FE As
JEHS. AP REMGETHE (R 2) aIL, NP
BIE N R et KAE Ny max~ LW Crssp 1921 24 1H
LWCrsse A RAH LWChssp_max~ LWCking R 2 {H
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Fig. 2 The change of temperature (7) with altitude (H) for vertical

sounding in layered itineracy flight
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Fig. 3 (a) The sketch map for the vertical structure and (b1-b3, ¢, d1-d3) vertical distribution of cloud microphysical quantity with altitude variation by

layered vertical probe during flight: (b1-b3) The FSSP (Forward Scattering Spectrometer Probe) concentration (N;), diameters (D), and liquid water content
(LWCsssp); (c) King probe measured liquid water content (LWCkiyg); (d1, d2) the 2DC (Two-Dimensional Cloud Probe) (D>50 um) concentration (Nyso))

and diameters (Nas0))
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F4 HELALEBRRZRIRESD As 7 Sc WUBERIHEMLRE

Table 4 The comparison of the microphysical quantities in the supercooled water layer between As (altostratus) and Sc

(stratocumulus) in the typical cold front stratiform clouds over northern China

HiX L 1] = N | Nl—‘j’;“ D L chjs" LWCFSS};—“”‘ Nj sz“l‘” Duz Drous
(cm™) (em™) (pm) (gm™) (gm”) @)y @©) (@m  (um)
Hk 2001 49 ~10 F Sc, As 20 88 46 0.003 0.045 3634 3395 103 —
THE 1994 46 H SRz 12.6 676 6.85 — 0.179 — — — —
Tk 1992 4F- 6 H Sc 63.8 — 9.7 0.047 965 — 27462  —
Jes! 2003 48 H Sc 36.5~540 120~144 8.22~16.05 0.213 0.393 0358 1.525 243.13 5795
2003 F9 H ARz 633 183 7.22 0.117 0.193 0366 378 19550 1325
Jbxe? 200448 H 12 H Sc 0~30 — 3~17 0.02 0.26 0.3 15 206 658
thZR 2008410 H5 H Bz 280 888 45 — 0.18 — 406 — 345
AL 1995~1997 4EHZ Sc 0.2 — 13 0.01 — — — — —
As 6 — 20 0.04 — — — — —
AT 2003 4E10 A 11 H Sc 47 230 13.7 0.018 0.115 288 1699 1210 12050
As 148 312 8.6 0.078 0.201 376 2995 576 3506

e HOR (MRS, 2003); T H (BEESE, 2000); db (B3CEESE, 2005): Jb3 ' GRAIEYE, 2007); 65T ? (UM, 2010); iR CGiRAmE

5, 201105 FHHWEARILE (OHAE IR/, 2000

216.4 um, 4 Cs [ 2.3 5, H DuesoffIc KMl
Diny>50) max 15 10383 um, B T2 RIRESZH Sc
AR RSF Kl SE R K e Nav Dp 5 Naesops
D50y ZZ A RK AN 5 Nosy s Do 9 Duagesoy I TE L
A
4.2 AsSc 5dEIb A H b XN LE R Y ELEL
BAAE (2005) X EHETT 2 KA R X
AR 2 Z i FSSP Tl R P340 B R0 & /K B b AT T
P, RICFIIRIE . Sk = AR AN B .
TS (20100 X EACTT 9 MR B A &R
H 2DC WLIEREAT T L, RIS SRR 1)
EREKE 2N EH . =S EAE AR
X, ZW. KRR =8 ZF AR AR
RIEM B KK GG AR . ASCH T
5 As K Sc H FSSP 1 2DC HIRL A, 5 b E L)
LA X VA 2 S rp AR Tk v 2 T i A ) Bk
KA BRI 25 SR — LR, 3R 4 Bl .
SVLYPE LK — MR R OR b, KV
i, BEAKANE CGRAIESE, 2003). HER 4 AT, 1%
HuIX As Al Sc [¥] FSSP Frdl V-3 5 v W1 i T H
TR AR AR A R P o e X R s
A, HAEF I ARSI, Slbnt. mdbSs s
BT . Do AT KB X A 1o As ] LWCrssp
FiREE 2003 AEAGROMMN S5 R ] AL, AR
DX A 2DC 2 b PRI B N, 5 HR B #E,
Dz B HABIX /N, {5 Sc B Dy max W 5585 TE

FiHABMLIX, W] Sc ZRITRE R, BAERN
S5 0 M XA

5 ZHRIFKF SRS T RS
32 IKETF Al

51 Sc
5.1.1 Sc =R 2K 5 b4 B AR4FAE

Kl 44507 16:19:10~16:28:17 #& Sc 1 F
&I FSSP Al 2DC MM PRI FHEE . AR WIS
W, LWCrssp~ - 4ER T % S King R WMIE
LWCkingo

P 4a vl WL, ¥4, 24 Sc =M (1~187 s,
422~547 s) 1 FSSP Prill a Wi BEE Ny FIEAS
Dy K3 A 22 R 80K o IR FEAE M E X 5 %ME
X A2 3~4 MY, Ny SR AE 200 em B L.
Dy E FSSP [ EFEN B 70 Ao Ik, FSSP Wl
(R S0 B 5 AR A A I R SR O, ik B
X %F W LWCrssp X (K] 4a. b)o 7E2 NaBW,
U Ny AE 10~50 em ° BALIF, Dy M2 B LE
6~9 um. 6~11 pm JuH N, 5ZAHXN, 7EK 4b
A I R LWCrssp XL (G1-G7 XD. 114
NN Lem ™ i, Doy A5 EEE M, H Doy (B3R
K, 7EE 4b thIEA B A R AKX L. AR,
7 FSSP BTl IR 2R T B LA /I 2 s 1 (R
JEELN 3 AP LL LTSRN, /K& LWCrssp 1
PR AR TR RE . BRIA (188~421 s) H
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Fig. 4 The time variations of the middle—lower level Sc (stratocumulus): (a) The FSSP concentration () and diameter (Dy;); (b) LWCgssp and LW Cking; (€)

the FSSP instantaneous spectrum (Ig (cm™ pm™)); (d) the 2DC (D>>50 pm) concentration (Nas0)) and the diameter (Dmaes0)); (€) the 2DC (D>50 pm)
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HEBI R TAEAE, Ny FaA E7E 0.1 em™
LWCgssp /N T 5X10 7 gm™

FHE 4d AT L, 2 A S =[N 2DC W i 2 4
TIRIE Nosoy AR B = ARMEX, Naesoy
FEERLE 0.1~10 L7 JEFE W o Dppesoy /M i
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ELARAE 1000 pm P I BRI R R E T HIR
/NFZ5 200 pm BLR 1 206 R EUEAE

AHXTT FSSP+ 2DC Bl i) 2 b~ FE R 4%
HBrm s (K 4e. e REE AR ME =R FAE%
DU TE P 0 AT S RS B 25 kLT
Wi 2DC R W R BRI AR, JE—20 00 Hr
ZRL T IR 2 A g 1 VA 7K DX (R B B
512 Sc=kTAEeHE

(1) Sc == 2DC &N zkL 1 AHZA 1 H0 51

X RIHERIG 2DC B 14325, Korolev and
Sussman (2000) ¥ 2DC EIE FITEAR T N KNy
h 4RI B AIE R CERARRUKED |

uT?

Bk SRAE S (2007) 45 AT BE EUK G B0 R b
RV K AR R R EE AR BRIE WL 7 R O UK 5 45
WAk EIHEAE (2010) R AT RE UK 5 5 i Al
TR« TEARASKEIN) R R R L DR AR RL§FR A UK
ELLE Sent

McFarquhar and Heymsfield (1996) F|H 2DC
UL IR B THBLLL AR (Area Ratio) SKH ki
% D>125 pm AL IIAZS, R —FabR: WE&
ZHT [ AR>0.8, A7 RAE MR WILL AR HIE
D>125 ym = K FAHA M 0[5 B A 93% L |
(McFarquhar et al., 2007, X} T 53 um<<D<<125
um ¥k F, McFarquhar et al. (2007) 7E£3E M-
PACE {56 (58 b $1 A2 Bk i ANV LB R 1Y
O, ATRLLL 2DC BB A AEBRIE KR AE =
AR SRy ST

H1 Sc H R 2DC BB Bk (B 4f1-19) AT AL,
D>125 pm 1 2k R AFTEOK R FR UK
BORVK S UK S AR OK T it G5 AR 25
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McFarquhar et al. (2007) $&tH (1] W7 7772 75 %5 %2 53
um<<D<<125 pum & B N KL T TRAR, AR LERTE KL
TARAE,  H AT 2 RS A ) s R T R UK
fire [N, 1 2DC Wi (18] 4 ) Al WLAE D;=54.88
pm TS 2R A AN . BT, ]
WA Se R 2DC BN D>50 pm (D;=>54.88
um) () 2R AHA N UKAH

(2) Sc 2 FSSP &A% A 20K 1~ AHAS IR ) iy

E Py, JiERt (1994) 5 I FH 1% 2 (A AL 41k
B9 A F UK = P HARRT 5 pm RN UK
Bt HEAN, mEAERRG & 25A AN MR
o, E SR B 2 B IR Y RICE (Rosemount
Icing Detector) (Cober et al., 2001; Korolev et al.,
2003; McFarquhar and Cober, 2004; McFarquhar et
al., 2007) ERLEA ML H AWM (Field et al., 2004;
Lawson and Zuidema, 2009) K452 0°C JZLL )
A GRS KA OKIRES D K=, R
J& FERR P S AHZS 2o FSSP i 43 A ) 2 Sk B A it
W] FSSP S AR N ki HIAHZS GRS TKARD

Cober et al. (2001) 7EZ—IXFEE X INEFEK
RS (the First and Third Canadian Freezing
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RIIR G A = ORGSR B R E AR KT 30
um, Korolev et al. (2003) X I1E K& 2R = R 1
I T2 WA 1LV 7K = TP R AR B A
10~12 pum, ¥KzFHHILE 20~35 um Z [H485), 1
Field et al. (2004) A ILILIE R G2 FUK 2 H (11
WA EARAKT 30 pme ] WA HLX K 2 &
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TR = AVKOKIREGE =, MaSKE &
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Fig. 6 The distribution of mean particle spectrum in the high and low content of supercooled water for the middle—lower level of Sc (a) FSSP; (b) 2DC (D>

50 pm)
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