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Abstract: Based on the millimeter-wave radar data and sounding temperature data obtained from the third
Qinghai-Tibet Plateau Atmospheric Scientific Experiment during July — August 2014, this study inverses
the phase of cloud hydrometeor in summer in Nagqu, Tibet with the fuzzy logic method and conducts analy-
sis research on its distribution features. Firstly, the typical cases of stratocumulus, nimbostratus, and
deep convective clouds are analyzed, and it is found that the vertical distribution of reflectance factor,
Doppler velocity, velocity spectrum width and depolarization factor of the three types of clouds are quite
different, and the characteristics of radar measurements and distribution of hydrometeor phase are also
quite different. Secondly, radar reflectivity characteristics of liquid, mixed and ice clouds are studied,

which shows that both warm clouds and supercooled water have high value centers of reflectivity factor.
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The reflectivity distribution center of mixed clouds is invariable with height. The high reflectivity factor of

ice cloud is mainly over 6 km and tends to concentrate with the increase of altitude. The high frequencies of

the three phase clouds are concentrated at the heights of 1 km, 2—3 km and 3—4 km above the surface re-

spectively. The frequency of liquid phase clouds is the highest in the morning, the frequency of mixed

phase clouds is high in the afternoon and the frequency of ice phase clouds is the highest in the evening.

The heights of three phase clouds in the morning are lower than that in the afternoon and evening, and the

perpendicular range maximizes at night. The thickness of liquid phase clouds is generally less than 0. 3 km,

and the average thickness of ice phase clouds is the largest when the top of ice phase clouds is located at

about 9 km height, while the thickness of mixed phase and ice phase in mid-level clouds varies only a little.

Key words: Nagqu, Qinghai-Tibet Plateau, Ka-band cloud radar, hydrometeor, phase, fuzzy logic

5 F

TG e A T B R R Y SR A 2R )
Ji o M TR Bl A A A S e R X
DL KA KA R 1 F K 23 18 R (W et al,
2012 ;Bollasina and Benedict, 2004 ; 35 1% 4, 2013;
R AR S, 2016) , SRR Y MR 45 7 i K=
S 1 PR TR I RN G o DAL TG e D P 2 e K A B sk
AN [) T I T 440 3t XA 155 B0 (2 1E, 1988) o 7 i
o SR TE B R — A R OR B R TG S Rk T
R A 5 KR BE G e IR A A T L D) A8 2 AIG
R » T BOM A (R 52 55, 20005 X 2= F Fi1 42 ]
F,2016) o 78 m B AE BN RE R ARG = E
Hh A 1] A5 R RS Bl I A i (U8 AT 6 3, 2018) L 7%
o TG TRV R T Ui X R R T R GRXHa
KA. 2014) o B Ah 77 5 BB Eg R 2
35 1) H A2 GBI 45 . 2006 5 R FEE S, 2014) ,
JK I Bt B 22 77 A A A (R B 5 55 1999 5 J ik 55 4%
2015) o LA b AR {5 80 =5 Ji R T 9T 2 ) L A
AR R AR, T e Al O TAEXT T 1 i AR W+
5 BYR EAE R DL e SR U AR A A R

2 HOBAS A OKARL 7 19 RS TR R S5 A
AR R 22 S B K. 2= N K EEY I A 25 241 ok
E T 23 X8 Ml TR P R I8 R S R 3 [ IS e o A
FE ) L J% %’ %% % (Sun and Shine, 1994 ; Gayet
et al,2002) o B & AN [F)AH KL 5~ 18 70 A 5 AR X T3¢
ERIE A 2 1 Z 804k J7 58 L R /N A e T 0 A5 A 1Y)
e R E T EEEN . FEF T TR BRI
B o B R S AR T = A A U =
KEZ HIEFREH TIFZ R T ZHE R
WFoE . I E MR S B BOSU Bk B iA 5 AL G

PRINR 5 A0 2= BRI T A I 22 53 IS 3 R 7 (Zow) L 22
LR AR A (Kop) 55 5 18 2 1 BB A A0 R 14 %%
K AE (Hudak et al, 2002; Wolde et al, 2003;
Field et al,2004) ., Plummer et al(2010) 7 1, J& fitl
ST B R O SR TR K BT A v KA A A
VR . HETACER I = AR AN O R S O
IR K R K DL R A A Bl 2 AR B 2 R
{H 47 FI W (Intrieri et al, 2002; Shupe et al,2005;
Verlinde et al, 2013), {H &t F ¥ ot & 5 = 8™
L0 TR R R = AR BB AKEE = 5 ik 5l
S8 . Shupe et al(2004) $2 1 AR 4l 22 K % Hr ik 2 3%
% 0 A AR X A0 TR A A = v W3S 5 T 2SR
¥ . Luke et al(2010) ] F = 5 ik 2 385 ) 315 3 2o pf
LM A A ENBA A Ka B W ik
B @R o A BT R (Z 585, 20115 E
TERESE 2015 B %, 201D, REECHSFZEH
R RIF S IR+ AEL 2 e T 757 8 e i 0 WL 5 00l 7 i » L
TR UL I 5 48 R %o i = X8 i 7 e A [e] A 285 7K
BV T LG 53 A R AR R A ARV 2 AN e k.

fE 2014 4E 7 H 1 HE 8 H 31 HIFRAH =K
T 98 SRR AR 2 v ) T 22 A 3k R R 48
5 Wl g 8 BRI T KR = AR KOUL 3R
T E SN TR, Ho Ka B2 oK
B BN b T U O H B 5 E s R BE
T3 FORTSE LA KA s o PRI 23 3 S XA
[ Fh2E = BRI . X B 45 (2015) 1) 2% 8 1K BORE
GIAT T A IR s 1 2 AR AL . & BRIR il X 2
n EEAEPTE 6 ke (B & ) LB A 4 km L
TRz . SmaMalil.c BN BEEsNgitS
BAEAH . FH(2016) 245G C P Bk st
P 7RIk Ka BB K = F ko 1 IR il X 2 2
XF U 25 G5 A 25 R R R RO U 2 s TR



BT

KA S 5 980 SRR il B2 2 vp oK ) o A AL 19 22 oK 5 s L 947

11,5 km 245 GlE3RE D s e K = T 3 19 km;
XIS SR B 11 I R M O R R A
1718 Bk 8 fe o . A AEHE (2016) ffi H /R F 7R
B3 0 D7 VAR = B IR T R SO T R R s
KA TE B BF 9 3 B IZ = B 38 AR A8 4R T 21 1/
MO S OF HOR 25 AT & L hr, S MR
(2018) 25 & A ik 5 T2 W0 I % et e B v JRL TR X i =
FE KM 2. =P 10 km BLE OB B B FE 5
1 /NVKORLF 5 10 km LR 280 1 K vk ok .
15 (2018) F H WRE #5258 LA K Hl 17 08 I 9% ) 1 4 7
BB A RUAIF T 45 5 7R VKA 3 R A 3 R o K o
P RATEZEWER RN T AREZNT
Yo 7K RV HRORE - b T R4 /K 32 22 Hh OB AR 7 A

DL R E R T A o Y 2 WL RRAE 5
AN 53 B S 6 TS [v) AH 25 7K B4 B T T 45 4 43 A
AIEJ7 T B F 9 0 75 Bk — 20 s . AR SO B 2
BT G R 2 T B WD R EAT T AS [ AR S 7K B
[ 43 2% s B G IIF 9 45 R 0T oy 1002 38 45 R 1 56 iE DA
B it —25 T fif 8 DR s B K HLER L Btk 2 801k 42
HEFEA

1 SRS Uik

1.1 &

PERLEIE T 2014 4E 7 H 1 HZE 8 H 31 HE =
YR e Ji DR AR 2 1 3 A G IR il (31. 47N
92.0°E,4508. 0 m) WLl 2] ) Ka I Bt = 75 18 il 28
PRI GERL . Horb Ka 3 Bz 3k 02 B D PR 42 40 T
8 mm U Bl = B ik . LR E 5 G AT A R 3R
B[] i 5 BE (Z) VAR ) 3 BE (V) 3 FE 3% 55 (W) LA
MEPER Bk I (LoD %08l . HEEAHPEIZR
Bh Bl A b B R R T4 B 23 prift il . & 580
TGS A T RR K oh 4 R O A4
2016) . Ji 2ok >R FAS T[] 1 Jok i 5 82 L AH DG A AR G AR
R aHREA =ML R 28K 5 B8
AR AU 2L 42 = 1A [R] = 2 R e
PR Bof = oo 452 X I e Aot o B30I 0 TR A S B o
fill A SRR R A OB, BRI R D 120 m~
15 km, B} [E] 20 BER A 8. 8 s BB 0 R 4 30 m,
A SRR A R G I 1T RE L BB AR 15 K I [A] i
LRI GERE . e Ah A BIF 5 18 1 R oty ol v A
L 3 B UL AR B A 4% v B )2 ) SO EHE  BE H 07

19 4 AL 45 47— JOULI L 038 T 5 3
AR I B A0 T U925 0 B VY7 4 P
fti.

1.2 WHRF%E

AR F R Shupe(2007) 2 H 1 —FE T
b e 22 SRR 14 7K B W A 25 03 S AR U L K K BEH oy
HNFECE KA GRA A BT BB D LA G
B IR AN R TR SO A A . 2 R K
I 6 58 & =5 dBz B K 58 ) 1 i b K KORE 1. 0°C
FEUTHRMEE 2.5 m s RS9I,
MR (D T 0 C b F) FH S 56 32 R 5 2238 )
FEX WA K. B B WM. 2 W <
—17 dBz f2 [ <1 m « s "B} 85K B HI T N
WK 5 B BTN Y ST SR A A TS K S Z ],
B TART 0 Cmby 51 BE 3% 58 2k 70 B vk oK LK A
HOKIRAH . 1 TERUNI GRS TE<<0. 4 m« s 1),
UL = A AL TR RS 1 B — AR SR BEY) - 8 I
SR BE <5 dBz W Ry UKL . 3% B 8 ORI CRERE 9 T
0.4 moesTH RA AHA SR R 228
FERIH Tt KB K. 0C A BRAFAEWAH . B A TR
JEAR T — 40 C % UHR AW vk AR . i T ok S T
PRAAEBRIE 3l w B A B R LR Wk 7. A
Y% M Gorsdorf and Handwerker (2006) 1y 4 1
45 3 g IR i 41 PR 1 199 0E 1 Ay A 28534 Ui 1) s o 22

Y T B IS TR 2 X T AN [R] K BE W) AN S ME — 11
LA A R R e TS 2 A BLSE 9 (Liu and Chan-
drasekar,2000), F LA SCHE Shupe (2007) iff 55 45
R A E R FARO 2 B 2 X K B YA A AT
KR, B RINE

(D) Hir AT IB RS HR N7 | 2230 B Lk 3
Vi, I8 O P PR LA Rk B B £k s BB T S J 32 o 4K
Xt S B AT -

0 x << X,
xr— X,
X, — X,
P(x.X,.X,.X5.X,) = 1

X471‘
Xrl _Xg

0 x =X,
K, RIEE R (P) RRiAS ®mX TAHESHN
SRIRRREE A ME R 1 R A by E LS

X <xr<<X,

X3 <1‘<X4




948 A

% 545 %

AREPE B o AR S 4L X~ X, KRR
JE B R A HAR R, £ 1 5 T A SRR R AL

4
ZH. AR = D AP, BRITHSEME j FM
i=1

SR RFRIE L P A N RSEE R, AL
HABCASCRM A =1,i=1~5 735 R RS
Zo Vi Wi Lo T j=1~6 R ERE K GRE
A BB 6 MRS,

(2) i Jil 5 R S T BE X £ 45 25 R R AT 25 KR

b, BDFER R, fe R AR AH AR Ay B i 45 Rt i

N SR T U EE S N € TSP OR: i
WARTEHEAT T OO A S R SR B i AR AR 1Y B ik
AL RN - (1) 3 BE AR F — 40°C B HAE AE K
AL C2) B B oK o B 0C o B RLR [l i R B
=5 dBz AR A >2.5 m « s K S HE N
TR s (30 X0 B 20 B3R ASER S JUC 1 A 01 D 680 1 2 3
A TS AR I X, S B
2 TOUA5 o 35 Sy ARV b THT 125 32

Table 1 Membership function coefficient

e FHE(E 5 7K Ay R4 A W EETW 7]
P(Z.) X,/dBz —5 —60 —40 —60 —25 —10

X, /dBz 0 —50 —17 —60 —17 5

X;/dBz 20 —10 5 —17 A 20

X, /dBz 25 0 10 —10 8 25

PV Xi/mes! —0.5 —2 —2 —2 —2 —1
X;/mes ! 0 —1 —0.5 —2 0.5 2.5

X;/m e s ! 2.5 1 2 0.5 2 10

X,/me s ! 8 3 4 1.5 4 10

P(Wp Xi/m e s7! 0 0 0.1 0.1 0 0

X,/mes ! 0 0 0.4 0.4 0.5 1

X3/m e s} 4 0.4 4 2 3 3

X;/mes! 4 0.6 4 3 4 4
P(L4) X,/dB —35 —35 —30 —50 —50 —50
X,/dB —28 —28 —28 —50 —50 —50
X3/dB —10 —10 —10 —25 —25 —25
X,/dB 0 0 0 —20 —20 —20

P(T) X,/C —100 —100 —40 —40 0 0

X,/ C —100 —100 —25 0 0 0

X;/C 0 —15 0 80 80 80

X,/ C 0 0 0 80 80 80

FRAE
2 ZER 550 2.1.1 E#®R=E

2.1 H@AEHHA6

] B TR 2S5 (ISCCP)Y 10 H ¥ 2 i Fp 2
SNIE R (SOVZBZE (S W ZE = (Ns) =
(COHHRz (A HEB (A B (CH BES
(Cs) LI IS i =~ (De) (Rossow and Schiffer,
1999) . AHA SR L5 R KW s IR 25 & = (G,
Cs) 5z (Ac, As) H JUM 3 2K H R 43 o vk AH
CRM4E,2010;5 8%, 2016) , Tk = (St,Sc,Cu)
o BB s As Do T 1R K A7 A6 AS R 72 B 1 7K
AR R A A S8 . I AT S BGX LR 2 B S
UG- o JE 7 7 98 5 JRAS [ 2 78 2 38 1 A 2 43 AT

SV UL 3 2] 1) 2 R s 22 L RS R
FMEZE 2 km L. 2Rk FOCEZ L, B 1R
2014 4F 7 1 18 H 10:58—12:12 R KR 2%,
ZWEE RN 3~4 km, nTRE N —10~—7C,
10:06 Z | Tk BRI 2] 25 M 2 FE 2 R 1 km, &R
HF<<—25 dBz, &M <1 m s ', MK TE N
HO0.2mes LA, mn W RAFAEKMRF (K 1D,
WiE 2= 2345 = TG 5 0T A2 15 A 40 . R 5 R A
FHERZE —15 dBz DL b sl S5 >0.4 m-s ',
BB EART 2mes ', W
IR A AR BR T ER SRR A = iR A A Dt Al ok
Bk = UK DL e o #2 (Bergeron 3 #2) |
TR 6 ok A T AR o V2 K TR Y R A T i R AN W



7

KA S 5 980 SRR il B2 2 vp oK ) o A AL 19 22 oK 5 s L

949

(F 1b) . =& T &8 &R W w iR e ik B 1
(1) XN 2 1% T fe KR D3 8 kL F %
JE I SRR IR A e AR TR A A K B iR
0 CJZLAR MWz X T B b 1 B TR . [ T Ohy o W o
P T E R R DL R & AT U E 1 0C )R
DL B K Ao 8 rp o 2 S S B R 7 B T R R
Wk /N L AR R IR R A 248 Kl 0 C 2
ME . TEVIORE T Bl Ak 30 1] 2% 0 M B B FE A R A ] I

HE IR HA 2 BT . 11:58 J5 = P 3 ¥ 7K
b B K Rt B 08D

ARSI b2 B B 2R A 2 vk 2%
JER 1.5~2 km, = T AL T 3~4 km, & 2 5
BT UE SRR s 2B SR, B % R
% Foz= IR A5 A EL 18K A B K 1 = AR TE R
HIRGHSRF. AR KNZER S (B 20
b ¥ K A A AT B R B A I A RO A R BOR

20 dBz ? 10 m-s”'
j z
—-10 E 6 4
J —20 N 2
' -30 T3 ¢,
N -0 X =2
P =50 e A ) . y
10:58 11:16 11:35 11:53 12:12 1058 11:16 11:35 11:53 12:12
il /BT fF1 /BT
9
g @ 0 dB
L -10
6
g —20
T3 bl I C i ad |
- PVRTR —40
0 : AR S Oy e
10:58 11:16 11:35 11:53 12:12 1058 11:16 11:35 11:53 12:12
il /BT fF /BT
Z,/dBz
=35 =30 -25 =20 —15 -—10 -5 0
© . ; :
g 6f
<
2 4l
(O S o P e _ 1860 m
0 s L 0 i P ° _
—60 —40 -20 0 20 10:58 11:16 11:35 11:53 12:12
T/C fita] /BT
B 1 20144 7 A 18 HFEKZER =AM
(D Z. s (DVy s (OWy (D Ly s
(O IRLEE 5 G R ER LR, (D AR 3 B 45
Fig. 1 A case of stratocumulus in precipitation on 18 July 2014
(a) Zes (b) Vg, () Wy, (D Ly »
(e) profiles of temperature and reflectivity, (f) phase classification
15 15
b

12F 12.( )

T 6F T o ifi
3F -

; . . . . . . ey M
09.37 10.04 19:32 10:59 11:27 21:49 22:26 2}:02 23:39 00:16 it
; I} ] /BT s fita] /BT e

&l ,

12 12-( ) i

E 9 E 9L ¢ y -
=6 2 6}

3 - 3%

0 Il 1 _ 1 0 1 - 1 I
01:57 02:33 03:10 03:46 04:23 01:03 01:30 01:57 02:25 02:52

Ik E] /BT [l /BT

B2 201447 H 11 H@M 23 H(b),8 A 13 H (A 15 H (D IEEHIZ B = 4
Fig. 2 Mixed phase stratocumulus on 11 (a) and 23 (b) July, 13 (¢) and 15 (d) August 2014



950 A

% 845 %

ERam = R h ek )z, B R
B XFFTE TIRGMZRZMAL RS = NI
WRE /N RO vk A DL R B R B TR A K (Rau-
ber and Tokay,1991;Jiang et al,2000; Shupe et al,
2006),
2.1.2 ME=

WZziem i EEEEKR sz — il h
2SR Y 2218 40 Tt iz 3 i (Houze, 20145 X1
PR 2017, RS IRIE . 2 WSR2
WA B arkasE . B3 2014 42 7 16 H M
BT R =5 23:30 B o TAE 7~8 km &b, = ToUIR B2
T —40C. W2 = W A /N vk gk 1. L
0.5 m s "AYEE T V& 58 1, 1] 3 5 B2 I 2 T ) T
e . 3 km DL EEEIETE<<0.3 m+ s 'L iR
PR FAE—23 dB Zo 4, I B DL b= R AR Dy vk
BT K2R 4 km, FEFZ 2K 3 km & B DL
TOREET9C R EERE Ime.s 'L
B UL AR T B AN R B v KR AR .
Gt 2 & IS AR IR & A 5 B — AR 1~ 3 km, 7E
— KRR I R T o A RS E TR AR . UK s IS AR
MIRE A =2 NV 78 23:30 Z it F R Ko i
B WA R RS RN T, Z 5 B )2 8 W
B, B () 3e) . BEAh. B IR IR 7 1

22:52 23:28

e /BT

00:05

22:52 23:28 00:05 00:42
il /BT
Z,/dBz

—40 —30 —20 -10 0 10

AR 528 B v i 2 SR B 5 REAE L 3 W5 e A R
TR A A AR R B R A M 9 LR 1 R A E
— 25 B R A A TR 1 o A
2.1.3 RBAAr=

B 7 1 9 R R — A SN AT B0 DX TR X
ot BB, S BOUR R I K B Ry v R R S R K
TE . T I ) R U 2 R R AR (R
EARK (s KE,2016), B 44201447 A5 H
PR3 1 L5 58 B 1 — IR I = Rk AR . IR
JERLR G, n Wk E T —75C i F 12 km B X}
T2 T, 32 3 b5 AR U2 I B 1 2K P O ) K
e bl WA 3 RE5 Wk A X = N R
HAOLT TR HKZE . 18:10 Z A S5 R 5 18 i Ik
PR #8042 1o R B e = 38 3 7 10 me s, BT
A ) Bk KR A5 UK R A 2 TRLLR B B K
HE ., WP NIRRT S EARWA ST
TUAT - XX PR bRk . [ de 19734 380 )3 R
RATA BE KR 76 b S0 38 R R YR 19
B, 18:10 Z 5 48 1] 3 J3E 4% 3 ek /)N » o JEE i B8 B 1K
F0.5mes "PUF AR ERIR B IR A ook
To AETIHR 5 ER Ry UK i 2 s 2 O O R K 2 A
BEARLER

2252 23.28 0005 00:42
It R] /BT
9
0 dB
6 -10
-20
3k -30
- 't
T, —40
.o sk _. _
2215 2252 23.28 00:05 00:42
I+HiAl /BT
9
6 REREL
it
LA e
3 oK
e
=
0
2215 22:52 23.28 00:05 00:42
ikl /BT

B3 & 1.{H 2014 47 H 16 H
Fig. 3 Same as Fig. 1, but on 16 July 2014



AT S 7 980 SRR il B 2= 2 rp oK s 4 A AL Y 2 K

5 UL 951

18:02 18:21

it e /BT

0 s s
17:26 17:44 18: 21

18:02 18:39
kil /BT
vy/m- s’
=2.0 8.0

0.0 2.0 4.0

B4 R 1B 201447 A5 H,H(e) Wik E 547 H#

0
17:26

18:02 18:21

kil /BT

17:44

18:02
IEFE /BT

18:21 18:39

17:44 18:02 18:21

f&fa] /BT

JEE R &

Fig. 4 Same as Fig. 1, but on 5 July 2014, (e) profiles of temperature and radial velocity

2.2 AEWEESEITHAE

2.2.1 ®%kBEEASH

5 S = AR = TE AN [R) e B J2 1Y [ 35t i B2 i
ForAn . WEITH AT LUE A = )2 F A WA 55
At g =240 F 0~1.5 km, H 30 A X 45
2, RHPRHE TP — 45~ —20 dBz.500 m LA
TR 2 [R5 BE S AT AE — 45~ — 28 dBz, B & =
JEHE RA E {E O 1) SO R . B 1 km A2
FORZER N X, R W 5 R 2 =
B R IEF] — 35~ —20 dBz, 4t % K2 N

IIARAE 2~3 km, PR FEEAE — 40~ —25 dBz, i
R KERTE—32 dBz, IRE = E MR R T
AR = FE AT —20~0 dBz, 7£F- 3 0 C 2 &
PLE 500 m Abik B e KA HAEh 7E —7 dBz, It
W A RO LT A Bl R A AR R IIR A
HE 1 B2 236 DR 43 A I — A 38 B 1 A S R AE
KBZE 0CIZLL B i)™ 1€ 2~9 km 4 fii 4
AT S > — 35 dBz, 5 S5 vk Al
O R R, B A 3 km AL REIXF] — 5 dBz,
6 km DL EFEA N H 2 5z AN R 2 T UK A
J2 5 K HE BT %6 e L HL S S S A B v B G R T

E Y 9F [y
6 Fa) ‘) ®) © o
7.5F L
4.5+
1.5 6 0.3
g g
Le & 4.5k
N N .
2 1 3 L 0.2
3
0.5 L 0.1
1.5F ' .
- 0 0 1 1 1 1 1 0 0 1 1 1 ' 1 0
—50 —40 -30 -20 -10 0 10 —-50 —40 -30 -—-20 -—10 0 10 =50 —40 -30 -—-20 -—10 0 10
Z,/dBz Z,/dBz Z,/dBz
PRSI i R A0 4 T TS0 A R AE

(a)(&j‘ﬁﬁ,(b)(ﬁ (=] Z"(C)‘{/ki‘

Fig.5 Vertical distribution of frequency of radar reflectivity of clouds in three phases

(a) liquid cloud, (b) mixed phase cloud, (c¢) ice cloud



952 A

% 545 %

b, B R R B B AT — 30~
—20 dBz, =FpAHZS [l s 3 i AE 0~1.5.1.5
~3 km DL} 3 km Db b B2 2 A BT 09 0 A bt
R S R A X B R A 4 28 AT 4 8 AN TR AR 2 0 26

AH 2 52 T B T
2.2.2 LA EEASH

K6git T 78 HRMBZEREDZ ke
JEAEAS[A] 25 B2 J2 CREX 3t T 8 ) Hh B AR R . e —
1o B J2= N R — A8 e AR R E I R R A
BB S T R AR S R AR . B
F1% 0 UL IR AR 25 J2 IR B ey JEE R T R AR L AE 6 km
ULILT-BAEBMB)ZFE. 8 HBM BJZ1EL km
LU B R GR F] 2620, 18 7 H @ 626, T
U ken DA b 4% 8 B2 2 WO 1 R 294 i/ . il ot
MBERL ST ARt B 2= 0 CJZ g iy (14154 325) m,
0CIRRLITF Kz B Ak 3200, [ 7 AR %
oA DL R RBUBR I3 A WL Rl U s HA
BN A HEF 0C)ZLL k. A/ RN,
15 0 CHEA WK IR M BLRAL . X o — iR &

154(a) s
14 —i1
13 == — A
2=
11
10
g0
8 ————
T 7
6
5=
4
3
D ——
[ A— , ‘ .
0 10 20 30 40 50 60
W=/ Y%

A B DRARRL 1 9% 2 0t i 5 = R BOR . AN i
R TV IS FURES N

REMHKFT 2~3 km Z N R NHE, &
PRI = T 3006 15 I v JE B 208 = IR w1 1 AR
= 8 4 km DIFRIRAHE 7 A4 B . HAe
B 1 km R LU BB T, 5 km BLEIR G
AR L BT R B g R S R D HE R 9 km &b
3 DR KGR S MSHFE. 2 km IR &2
FELBAH A2 km DL FRSK EEEETIR
BRIZ)Z . RS AR5 ORISR L R Rl o 32 49 DRt
WK, — A 8 . A MAAE—5
—12°C FEAER A RAG 5 i VK BRI 0 A 2
ARARL 332 PR A 980K DL B v KA AE IR AN AR E - 25 5
R AL . RS ABRTE —5~0 C X B X d 42
AR/ A — 15~ —5 C R g

VKARTE 3~4 km {45 fig B 3 40 96 F I ]
B BT ok, 7 H KB AE 8~9 km A — - ORAH
8 F W TC e 5 AiE I ELARZ DA 5~ M B0 R B
9 km DL pROAH A5 5 B e 8 T I L B E B B

159(b)

14 — i
134 —
2=
11—
10
R
o e —
= 7
6
5
4
3
—
1

20 30 40 50 60
B/ Yo

(=]
—
[}

B 6 20144 7 H(H1 8 A (b)) =ZMMSTIE IR H o i

Fig. 6 Vertical distribution of occurrence frequency of clouds

in three phases in July (a) and August (b) 2014

14 km, 7E—15~—5C JK & H BB R A7 8 2 3 fn
(B 7,26 %0 oKk f & 2B F IR B BE . DL R AR 3
BB il 3 X S RN~ 2 K o L K. R L T
X 21 km LF A HBEE S, 2 km LUTFIR
A R HE R L vk A L3 km DA E VKGR IT 5 LG R
o ATE 7.8 R A AS Y R R A R A T R B, 8
H&EM R FAEAMLLF 7 H¥A 5 km LT 1
K5 km DL BN AR . TS TR R A 2
AN K s 3 X b 22 0 32 D TR o B Y
A, 3% 5 35 L R 48 (01D IR A5 i 45 18— 3%,

15 100
=

12 ot 180 o
o N
% 9 L60 g
K 61 L40 &

3 Lo

0 = 0

=85 75 —65 —55 —45 —35 25 15 -5 5 15
T/C
K7 =S 2 )2 R A% A
(SEER A B B2 R
Fig. 7 Occurrence frequency of temperature
in clouds in three phases

(solid lines: frequency density, dash lines: cumulative frequency)



7

KA S 7 980 JFOIR il B2 2 vp oK ) 2 A AL Y 2 K 50 R I W

I ) 953

P8 43 il ol = AR 25 AR T B0 A 5 R
M A AR L . BV E K WA = 2 B0 3R Oy BRI
A3A 08— 12 B fie i - 16 B 2 Jig B L AS [ B 220 /2 AR
BKBEG B2 5K B A R 10 B Z )5
GG 5 14 B2 S B> 2223 BEA — R
B VK= )2 HAEL W &, 78 14 B BUAR R 5%, 22
BRI K. WNEE SRR WA EEE S
AN B 5] E 04—12 B Z 4P AE 1.5 km DT,
KREZRNE L MAE 1222 B = KIE D, i % K
X 2 . REG =2 1317 il H A,
FE 1. 5~6 km B 35 9 & AR 2 )5 Bl 5
AT AL, 3 km DA _E 9 000 36 R IR A PR, 20 B S
Iz i BUR AAE 0% L R 1 R e
AKARTE 3 km Z . 08—14 Wik = 2 TEm = N
IR A AN T BEAS L B P A T 1. 5~3 km 1Y
W 1521 I FZ A ATE 5 km LL FLF) 21 B
ZIEEHEMMGE T, 86 =S s ZMEH
AR AR DL B0 AR i DX A DR 2 Kk
F TG 2 T LA A ) R KRR AR R R B

HFER 9 km DB A VK 285 2 H PR,
2.2.3 BEBAEEASH

K9 g3 BT 1] 2 2 5 AR A A . WA
BEZEE RS R 1 km A4 SR EERE /3 7E 300 m
PATR . | = J2 19 83 % 43 B O 31. 306, 24, 204 HN
18.3% . HA 12% R AH = )2 B B =500 m, JRA
=2 W R 4y A 4 P, 500 m RUR R AR IR
34 % .71 500 m % 1 km F4 % A H—2F,5 km D)
EREARET 1% . A T4% K= EERT
3 Jern, il 5 J3E B8 R0 3R 2 W08/ IN S AT T 040 1 VKR R R
JELE S km D |

B 10 B THMHERZREES ZT(RK) &
FEWXRR T B ERE EEEE/NT 5 A E
(150 MM =263, HE 10a il d Al 0 HH = 2
AR, KZ Rt 300 m. mI0FE 1.5 km AR
PLR AR T 4.5 km i E 2B =R BEBCR . BIRTE
1.5 km DU EAE R K = )2 008 PR 100 m
AN S FE 4.5 km DL % A JE B B e 3 S OB 6 1K
[ Sk 52 0 °C J2 Fox 3 2 T B BR 461, vk A0 5 IR A M =

6 " 9
(a) ’ (b)
12 73 0.3
4.5
1 6 0.25
g g 0.
f 34 0.8 54.5 2
T 0.6 T 0.15
3
0.4 0.1
‘ 0, L5 0.05
0 \ \ \ \ \ \
12 00 04 08 12 16 20 24 00 04 08 12 16 20 24
[k iR /BT fif ] /BT fit ] /BT
7 7 7
(d) (e) (®)
o 6] 6
54 5
= = =
Y o 44 o 44
H # #
B 44 LS K
3 34
3 2] 2]
2 \ \ \ \ \ 1 \ \ \ \ \ 1 \ \ \ \ \
00 04 08 12 16 20 24 00 04 08 12 16 20 24 00 04 08 12 16 20 24
[t 1] /BT fti|] /BT fit i) /BT
B8 =R AR H A6 (as b, o) 5HI R 407 (d.e. D) HA L

(a, DW= (b.)IBRE = (c. DK
Fig. 8 Diurnal variations of vertical frequency distribution (a, b, ¢) and
occurrence frequency (d, e, {) of clouds in three phases

(a, d) liquid cloud, (b, e) mixed phase cloud, (c, {) ice cloud



A

954

% 845 %

LE AT

0
0.1 0.3 0.5 0.7 0.9 1.1 0.5 1.5
ZRJFE/km Z=RJFE/km

2.5 3.5 4.5 5.5

B9 =ZFARE 22 S5 R A 45 o) A
(DWH = (DREGE . (DKE
Fig. 9 Distribution of frequency of total cloud thickness of three phases

(a) liquid cloud, (b) mixed phase cloud, (¢) ice cloud

0.6 4.2 6
(a) (b) (c)
3.6
0.451 | 4.5
- g 30 ,
e = =
N N 2.4 S
203 = ®o
o O Y Y
i mg 1.87 g
1K 1K 1N
0.15 1.27 151
0.6 g
0 ‘ : 0 éé ‘ ‘ : 0 “"é‘ R ‘ ﬁ

0.0 1.5 30 45 60 7.5 0.0 1.5 3.0 4.5 6.0 7.5 0.0 3.0 6.0 9.0  12.0
2T/ km Z T/ km 2T/ km
0.6 2.4 3
(d) (e) (f)
2.4+
0.45 1.8
= g g
o) 4 o
= p a
o 0.3 o 1.24 ok
iy il I .2
1N 1K 1K
0.15 0.6
ﬁ lg ﬁ 0.6 A
0 . T . . 0 T : ; é é 0 - T ﬁééﬂ
0.0 1.5 3.0 4.5 6.0 7.5 0.0 1.5 3.0 4.5 6.0 7.5 0.0 3.0 6.0 9.0  12.0
= JE/km 23/ km 2RI/ km

F 10 =MHEEDZEESZTEE @b, oMK E(d.e.DXR

(a, DA = (b

7e>‘{tb%£"((ﬁ’f)}7j(£‘

Fig. 10 Relationships between cloud thickness and cloud top height (a, b, ¢)

and cloud base height (d, e, f) of three phases

(a, d) liquid cloud, (b, e) mixed phase cloud, (c, f) ice cloud

JZ Eﬁﬁ@iﬁﬁ%ﬁ]ﬁ%‘ﬁ?%ﬁ*ﬁa‘é Ay o=

A IRE = 2 WV )R A = T B AR T i
3 km Fﬁ%fﬁiﬁﬁﬁik,zm%rﬁm? 3.5~5 km
Wz 2R B 5N (B 10b) . R E AR T 2 km (1)
BAEDBEEETHEEVE TH&SN =, BV

JEEJRE 2 e A 7 ) 2 s — IR R R AR A TR X
M. IKBEMXTEIE, DRGSR 4 km DL,
UKz 7 TOU e B2 ey o 7 e KT JEE 0 O 1Y [ I JRE 2 3
A W AZAR 0 BB 100) o e RSP 2 B J3E X o 2= T g
JEE 5 fpe KRS B X I 25 T e BE AR A T 9 km Ab . = 0



BT

KA S 5 980 SRR il B2 2 vp oK ) o A AL 19 22 oK 5 s L 955

15 10 km 22 1 i 2 )8 B8R B IR, 2 IS B
4 km PAR Y 0K 2 J2 - 149 J5E B2 i v 88 38 R T 4 [l
I 2 I AR 6 km DL_E 0K = J2 - 24 V5 2 Bl v 2
$E T I8 /L 75 4 35 %0 I J2 AR AT AE AR AR M 7K =
ZROP SAEAEN 3~6 km = 2 N KA 5 IR A M
JE IR RFF RS E

3 45 ®

AL 2014 48 7—8 55 = R RS
Bl g0 AR 15 09 22 K U H 35 OB R A TR B R
I TSR] 72 8 1 08 PG SR it X 5 2% 25 v /K L i)
AT R . el 2 A W ZE = LIRS
Tz I = AN RS ] 43 B TS TR 2 38 2 oK BE )
14 [0 30 R AE S A A5 40 A o SR JE X SR K s kA 7
St b AF BT EEAE R .

D BREcIEmERZLE 2 km, =2 BE,
= IR A A Y B 18R K A B K B 2 PN A kR 7K
KRG WE D ZIRRIE = TR AL 5 A /UK
B P ST AFAE R E /NTF 3 km ¥ A1TR A MW .
TRXT I 25 & JRARAR = o (FL 3 3 I, X N 3 LA o7
TR K = )2, 38 F0 A b Th 0 615 vk A
BRKAE 0CEZ ElHTE %S,

() WHE MR RFEAR 0~1.5 5 2~
3 km AN HL . KA B2 AE 2~9 km 43 fii 4
XF¥5),6 km DL E R RS RN 2B HHD . RE =
JZ 1 B e R F AR = 9 43 A B o 008 43 A
JUT- A e BE T AR A o A TRIAH 2 K B 1 8 23 1 7
3 H G DL R g JBE 53 A R AR AT B WY A X

) W2 RAEMEZE IKE 2037 1.2
~3.3~4 km fb H BUSR K. IR A A TR AT R 4y
A 53 ¥ K 1 43 AT S 26 B AE — 5 C I iy B 32
K. KR —15~—5 CHMRA W% 5, X
TR X B 2 ko R m . AR X
KB A DMK KB 8 £ JG 2 0 15 54 A )
1o )2 R R B R M R R B e e

(4 KFBAY 1 WA 2 B BE /N T 300 m. = T
FE 1.5 km DUFRLRARFE 4.5 km & B 2 0 = &
EEAR. 1/3 MRAHE 2N ARE/NF 500 m,
ZIREERT 2 km WIRGHBREE R, 7011
K2 BRI S 5 km KL E, ZTAE 9 km
AEAEEEA KSR ES SRR, zRAeF 3~
6 km = B IR A A1 2 5 VKR 2 0 R A AR /N .

S %k

W 2016, 77 55 g SRR b b X ZE s R K R AE 43 A (D] bt
R %R0 98 B, Chang Y, 2016. Characteristics of convective
clouds, precipitation and raindrop size distribution in summer
season over Tibetan Plateau[ D]. Beijing: Chinese Academy of
Meteorological Sciences(in Chinese).

o e S R T 9, RSP, 45,1999, R4 1A WERHE /R (1 9 R
HEMF R AEKLT] AR5, 57(5) :549-560. Chen L
X,Song Y K, Liu J P,et al,1999. On the diurnal variation of
convection over Qinghai-Xizang Plateau during summer as re-
vealed from meteorological satellite datal J]. Acta Meteor Sin,
57(5):549-560(in Chinese).

2 T IR X i L 2, 2016, 3T 25 4 R RR K TR Ik T v B A 2%
1 B 2535 s JR AR R0 ], KA R4, 40(1) :102-120. Fu Y
F,Pan X, Liu G S, et al, 2016. Characteristics of precipitation
based on cloud brightness temperatures and storm tops in sum-
mer Tibetan Plateau[ J]. Chin J Atmos Sci,40(1):102-120 (in
Chinese).

o AR R L R L 2017, 7 R R B M R AE B X R
GERIEMILT ] 22 N K% R CH AR 1D, 53 (4) £ 459-466,
480. Gao X X,Chen Y.Zhang W,et al,2017. Climate Characteris-
tics of clouds and their influence on the land-atmosphere system
in the Qinghai-Tibet Plateau[ ]J]. J Lanzhou Univ (Nat Sci),53
(4):459-466,480(in Chinese).

BB R R4S AA R 2017, R 3mm &= FE AR B TIR G A &
B Mt R KA AR L] A %, 36(1):219-228. Huang Y
M,Zhou Y Q. Yang M, 2017. Using 3 mm cloud radar data to
analyze frontal mixed cloud vertical structure and supercooled
water[ J]. Plateau Meteor,36(1);219-228(in Chinese).

RN WRAETE A 4, 2010, 7 56 = JR = B0 T R A ) O TR I Y
[J). @A 4%,29(2):268-277. Liang P, Chen B D, Tang X.
2010. Identification of cloud types over Tibetan Plateau by satel-
lite remote sensing[ J]. Plateau Meteor,29(2) ;268-277 (in Chi-
nese).

X ZE B % . 2017, 2T CloudSat TR R B & R & & kKR
WK RILEER )] SR % 36(3) :632-642. Liu ] J.Chen B D,
2017. Cloud occurrence frequency and structure over the Qing-
hai-Tibetan Plateau from CloudSat observation[ ] ]. Plateau Me-
teor,36(3):632-642(in Chinese).

XNERS R L BTAE L 45 . 2015, 2014 4R35 58 o JA = M K 2 b 7 3k
LRGN S e = R AER) 2 A AT 45 R LT ] AR %, 73(4) s
635-647. Liu L. P,Zheng J F,Ruan Z,et al,2015. The preliminary
analyses of the cloud properties over the Tibetan Plateau from
the field experiments in clouds precipitation with the vavious ra-
dars[ J]. Acta Meteor Sin,73(4) :635-647(in Chinese).

XIGHT » 5% [ M 245 57, 2006, B 7% 7 J8L e JBU N 4 R BR 38 3% 199 H 2 £k
[JJ. HuER B 2% HE L 21(12) . 1273-1282. Liu X, Wu G X, Li W
P,2006. The diurnal variation of the atmospheric circulation and
diabatic heating over the Tibetan Plateau[ J]. Adv Earth Sci, 21
(12):1273-1282(in Chinese).



956 A

% 545 %

X w F AR E Y, 2016, B2 i JR ORI Y SRR AE LA 2 5 s SR A
AR R LT KR FF2£,40(4) :864-876. Liu Y F,Li G P,
2016. Climatic characteristics of atmospheric heat source over
the tibetan plateau and its possible relationship with the genera-
tion of the Tibetan Plateau vortex in the summer[]J]. Chin J At-
mos Sci,40(4) :864-876(in Chinese).

REBE T ,2016. 2007~ 2014 4F 75 51 5 J Hb X 25 119 728 Ak 4 AiF K2 5% )

T D]. ZF: = M K. Long L X,2016. Analysis of vari-
ation characteristics of cloud and influence factors over the Ti-
betan Plateau from 2007 to 2014[ D]. Yunnan; Yunnan Univer-
sity(in Chinese).

255 BRUEE A0, 2011, BOWIZ AR EE TR Smm & 35 S = K B
YkLF AH 2 i T L) . 38 AR 5, 26 (5) 2 655-663.
Peng L, Chen H B, Li B, 2011. An application of Fuzzy Logic
Method to cloud hydrometeor classifications using the ARM
WACR datal[ J]. Remote Sens Technol Appl,26(5):655-663(in
Chinese).

UREE ] S 25, 2018, B vy Ji U 4 A= i sk i JRUAIR R 76 1 R B 3l i 42
THIRRBEE AR AE & 22 R [T]. R4, 44(2):213-221. Shi R,
He G B,2018. Comparison analysis of circulation features of dif-
ferent moving tracks of long-life-cycle plateau vortexes moving
out of the plateau[]]. Meteor Mon, 44 (2):213-221 (in Chi-
nese).

FE T S84 R A 2018, T SIS it X 7 — O I = B K
TR 2 S B R DX K a3 W SRR E LT ], RARE %, 42(6) : 1327-
1343. Tang J,Guo X L,Chang Y,2018. Cloud microphysics and
regional water budget of a summer precipitation process at
Nagqu over the Tibetan Plateau[ J]. Chin ] Atmos Sci,42(6):
1327-1343(in Chinese).

FAERE X BT 4%, 45,2015, SEF RO B 3 1 KA SR FAHE R
AR )], 5. 41(2):171-181. Wang D W, Liu L P,
Zong R,et al,2015. Fuzzy logic method in retrieval atmospheric
cloud particle phases and effect analysis[]]. Meteor Mon, 41
(2):171-181(in Chinese).

TES, 502%% [, 2018, 75 58w B 8 it DX — R IR X = T EL &5 A 1Y 2
U5 T B A b T R W X B Ay AT L), KR %R 76 (6) 1 996-
1013. Wang H,Guo X L.,2018. Comparative analyses of vertical
structure of a deep convective cloud with multi-source satellite
and ground-based radar observational data at Nagqu over the Ti-
betan Plateau[ ] ]. Acta Meteor Sin, 76 (6):996-1013 (in Chi-
nese).

BT AHE IR L AF, 2013, T 0 SRR 0 9 XU AR AR AE M H
5 E AR AR TR R R AT ] RAR,39(2) 1 129-136. Wei
J.He ] H,Su Z Z.et al,2013. Characteristics of south wind in
east southern Tibetan Plateau and its relationship with eastern
China spring rain[ ] ]. Meteor Mon,39(2) :129-136(in Chinese).

TR g, ARG, 2016, ARALHL X A 2= 1 3% 38 T 19 A8 L RHAE K 5 95
o JE b T I AR S R A 06 R LT K5, 42(3):271-279. Xu S Q,
Li D L,2016. Characteristics of the first soaking rain in North-
east China and its response to surface heat source over the Ti-

betan Plateau[ J]. Meteor Mon,42(3) :271-279(in Chinese).

BRAEE, EH B R RS, 2014. = R 7R A 4Ok 0 )2 T RE AR AE
SR RZEF I AT S R AE LT ] AR 40(10) £ 1165-
1173. Xu X D,Wang Y J,Zhao T L,et al,2014. Relationship be-
tween turbulent energy in the near-surface layer and atmospheric
boundary layer thermodynamic structure over the southeastern
side of Tibetan Plateau[ J]. Meteor Mon,40(10):1165-1173(in
Chinese).

I TEL 1988, B 2 T i R b s O S5 A 0 U TG 3 A5 2 A SR
KRR EFFIGT]. KR .12(SD 1 1-12. Ye D Z,1988. The
thermal structure and the convective activity over Qinghai-Ti-
betan Plateau in summer and their interactions with large-scale
circulation[ J]. Chin J Atmos Sci,12(S1) :1-12(in Chinese).

AR ARG T4 T7 2014, FEF CloudSat ¥ kh 1 7 8 5 Ji b X
WM ERHAE A3 T L) . Bl LR M. 30(2) : 239-248. Zhao Y
F,Wang D H, Yin J F,2014. A study on cloud microphysical
characteristics over the Tibetan Plateau using CloudSat data[ ] ].
J Trop Meteor,30(2):239-248(in Chinese).

A . 2016. Ka I Br-20 450 380 R U 7 32 2y 28335 B0t b 205 3 % ==
PR O B SRR FE (DL Jb a0 w1 R R 2 5T B
Zheng J F,2016. Doppler spectral data proccessing methods of
Ka-band multi-mode mm-wave radar and air vertical speed re-
trieval in clouds[ DJ. Beijing: Chinese Academy of Meteorologi-
cal Sciences(in Chinese).

JA 5 ] 2 L AR T, 2000, 58RI AR BRIV IE R 5 E
T XK B OCR LT Mt LG B4k . 23 (1) : 93-100. Zhou
B,He ] H,Xu H M,2000. LFO characteristics of meteorological
elements over Tibetan Plateau and the relations with regional
summer rainfall[ J]. J Nanjing Inst Meteor, 23 (1) : 93-100 (in
Chinese).

JANESS B« 1 2. 2015, 3 5 S o AR 0 R b 9 R B S IX
HZEBKRGERABRE TRMM BR AT ] A% .41 1 1-
16. Zhou S N, Luo Y L, Wang H, 2015. Analysis of occurrence
frequency of precipitation feature over Tibetan Plateau, East
China and subtropical North America in boreal summer using
TRMM data[ ] ]. Meteor Mon,41(1) :1-16(in Chinese).

Bollasina M, Benedict S,2004. The role of the Himalayas and the Ti-
betan Plateau within the Asian monsoon system[]J]. Bull Amer
Meteor Soc,85(7):1001-1004.

Field P R,Hogan R J,Brown P R A,et al,2004. Simultaneous radar
and aircraft observations of mixed-phase cloud at the 100 m
scale[ J]. Quart J Roy Meteor Soc,130(600) :1877-1904.

Gayet ] F, Asano S, Yamazaki A, et al, 2002. Two case studies of
winter continental-type water and mixed-phase stratocumuli
over the sea 1. Microphysical and optical properties[ J]. ] Geo-
phys Res: Atmos, 107(D21) :4569.

Gorsdorf U, Handwerker J, 2006. A 36 GHz high sensitivity cloud
radar for continuous measurements of cloud parameters-Expe-
riences of 2-years operation and system intercomparison C] //
Seventh International Symposium on Tropospheric Profiling.

Houze Jr R A, 2014. Nimbostratus and the separation of convective

and stratiform precipitation[ J]. International Geophysics, 104 ;



%7 KA G 75 T SRS i 52 2 2 v K ) 43 A R AT B 2 oK B A S 957
141-163. Rossow W B, Schiffer R A,1999. Advances in understanding clouds

Hudak D, Currie B,Rodriguez P, et al,2002. Cloud phase detection in
winter stratiform clouds using polarimetric Doppler radar[ C] //
Proceedings of ERAD. Delft: National Research Council Canada:
90-94.

Intrieri ] M, Shupe M D, Uttal T, et al,2002. An annual cycle of Arc-
tic cloud characteristics observed by radar and lidar at SHEBA
[J].J Geophys Res:Oceans,107(C10) :8030.

Jiang H L,Cotton W R,Pinto J O,et al,2000. Cloud resolving simu-
lations of mixed-phase Arctic stratus observed during BASE.
Sensitivity to concentration of ice crystals and large-scale heat
and moisture advection[J].J Atmos Sci,57(13):2105-2117.

Liu H P,Chandrasekar V,2000. Classification of hydrometeors based
on polarimetric radar measurements: development of fuzzy logic
and neuro-fuzzy systems. and in situ verification[ J]. J Atmos
Oceanic Technol,17(2) :140-164.

Luke E P, Kollias P, Shupe M D, 2010. Detection of supercooled li-
quid in mixed-phase clouds using radar Doppler spectral J]. ]
Geophys Res: Atmos,115(D19) : D19201.

Plummer D M, Goke S, Rauber R M, et al, 2010. Discrimination of
mixed-versus ice-phase clouds using dual-polarization radar with
application to detection of aircraft icing regions[ J ]. ] Appl Meteor
Climatol,49(5) :920-936.

Rauber R M, Tokay A,1991. An explanation for the existence of su-
percooled water at the top of cold clouds[J]. ] Atmos Sci, 48
(8):1005-1023.

from ISCCP[]]. Bull Amer Meteor Soc,80(11) :2261-2288.

Shupe M D,2007. A ground-based multisensor cloud phase classifier
[J]. Geophys Res Lett,34(22) :1.22809.

Shupe M D, Kollias P, Matrosov S Y, et al, 2004. Deriving mixed-
phase cloud properties from Doppler radar spectral J]. ] Atmos
Oceanic Technol,21(4):660-670.

Shupe M D, Matrosov S Y, Uttal T,2006. Arctic mixed-phase cloud
properties derived from surface-based sensors at SHEBA[J]. ]
Atmos Sci,63(2) :697-711.

Shupe M D, Uttal T, Matrosov S Y,2005. Arctic cloud microphysics
retrievals from surface-based remote sensors at SHEBA[J]. ]
Appl Meteor,44(10) :1544-1562.

Sun Z,Shine K P,1994. Studies of the radiative properties of ice and
mixed-phase clouds[ J]. Quart ] Roy Meteor Soc,120(515) ;111-
137.

Verlinde J, Rambukkange M P, Clothiaux E E, et al, 2013. Arctic
multilayered, mixed-phase cloud processes revealed in millime-
ter-wave cloud radar Doppler spectral J]. ] Geophys Res: At-
mos,118(23):13199-13213.

Wolde M, Hudak D,Currie B,et al,2003. Radar signatures of winter
clouds from aircraft in-situ data and ground-based radar obser-
vations[ C] // Preprints, 31st Conf on Radar Meteorology. Seat-
tle: Amer Meteor Soc:973-975.

Wu G X,Liu Y M,He B,et al,2012. Thermal controls on the Asian

summer monsoon[ J]. Scient Rep,2:404.



