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Abstract The distribution and seasonal variations of cloud microphysical properties in East Asia (including the liquid
water content (LWC), ice water content (IWC), liquid water path (LWP), ice water path (IWP), effective radius, and
number concentrations) are analyzed based on the CloudSat dataset from Jan. 2007 to Dec. 2010. East Asia is divided into
five sub-regions for this paper, and are defined as the North, South, Northwest, Tibet Plateau, and East Ocean. The results
show that the IWP is less than 700 g m™2 over all of East Asia. The higher values are located south of 40° N. The IWP is
at its maximum at 394.3 g m 2 in the South region in summer and at its minimum of 78.5 g m 2 in the Northwest region in
winter. The LWP is less than 600 g m 2. The maximum LWP is 300.8 g m > and 281.5 g m > over the East Ocean in
winter and the South in summer, respectively. The maximum IWC occurs near the height of 8 km over the South in
summer. East Asia’s maximum LWC is 360 mg m * at an altitude of 1-2 km. The largest ice (liquid) number
concentration in East Asia is 150 L™' (80 cm ™) and both these values are larger in summer. The largest ice effective radius
in East Asia is 90 pm and occurred at around 5 km. East Asia’s liquid effective radius is generally lower than 10 km. Its
largest value reaches 1012 pm at 1-2 km altitude. Two peaks are shown in the probability distribution function (PDF) of
both the ice and liquid number concentrations, and most of the other cloud microphysical variables show single peak

PDFs. The results reported here provide an observational basis for simulations of cloud microphysical properties by

39 %
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global or regional climate models in East Asia.

Keywords

1 3§

A8 BR e A KA PR A v R A
H, SR GEA ] EE 41 RGH 7 (Liou, 2004).
R A s T~ E R, W TRAITRNT 2.
TSRV 2 M B 2R A ELAE T S ot et A=A A
PR TN, 35 RS Z ) 5 (Hughes,
1984; A=FUIH%E, 2009; VE4%, 2011; Zhang et al.,
2013; skARAE, 2013; AR, 2013). BT AW
A E A R ABAEAEAR KA M, 0 T2 1 AH

SRR, AL R B U s L K
SR B2 AR AL, W R I BT AT
PEEFRZ — (EES, 2004; 2485, 2010;
M RAEREE A, 2012). ZV X I BLAT B AR,
MEE A, 2R R 3G B X 3, A1l
FRAE R, RRAI A T ORMIE I 4 0 X 2 1) 3k
AFEE BAT EEERRLE R S CGRIAXE, 201D,
R RES PP B R R A Sl e s O 7 (T W a1
YIBE IE A AN DI TAE, BUS T &M
B —SETIF IR K S5 R A N AR R X 25
PHREEREAT 08T, R T 2 5 RARGZ M%)
PR SIS (1994) FH TIROS-N L2 TOVS
R, WL T KA HKEEE (OLR) WMoafil
KRG Z; Wang et al. (2004) FJFH b3k [
A TR 2 12 N I 2D AR TR, b T
RN ZE A TR0 I 2= AR FRRRAE, WU IR T AN [

CloudSat, Cloud water content, Cloud number concentration, Cloud effective radius

2y L 1] T RS R e e OB 3
U7 ETARI; s A (2007) A IR
ST B IR0 B K = i A gE R, 456 B K
FORFI T T AR B A A (R, IR T v
RN« A< RN R WAL B K RN 2 25 B KP4 B
IKERER I ZE T AR AR AE S 3 S 53 b —3B At
REBEPIERW AT, X TAENTFTAE
. IR ZEREME, BT RHIX = &1 51
FIEE T 45 /- E . Liu et al. (2008) A TRMM
(Tropical Rainfall Measuring Mission) [#/KEiAY
AP ILEFIL AN R G TR, IR T RRK
n SRR KRR S BN 2 . Luo et al.
(2009) FIH CloudSat/CALIPSO 2 % Rlxt Lt 4
AT T v AR S R B R X 2 2 R R A A
MHLEM, T 2w 52 KRR
WA R SIAEE (201D R EE LR =
SR (ISCCP)Y 1) D2 =/ Bk T
HRAEH X AN R RN 2 B (AR e dh, &5 ORI 20
ERTHX BB E . K& 28>
B, PR, BRI X,
ZES, RIS (2009) FJH CALIPSO A%

KL WF9E TR WX 2 (0 5 10 AR AL, AN AE

(2013) FIH CloudSat/CALIPSO 2 %kl 43 X Aiff
FT R HLIX 2 38 H o0 A T REAE, R IAS ]
HEN B2 A BTN G, Hal
LSRG AR 2 2 2 IR 1 AR
kg ;s WtE (2011) FJJ CloudSat BHkL, WI5T 1



2 FRAEEE: ZRAEHLDX AT P ) AT RFAE ) CloudSat LA WL INAIF 5T
No.2  ZHANG Hua et al. The Characteristics of Cloud Microphysical Properties in East Asia with the CloudSat Dataset 237

P A b AT e Y X 2 1 B 45 M SRR AR
MHZER . R TAE TR E N a . FUK
nMEFRAL; 2% (2011) 454 CloudSat/
CALIPSO ZEEM AT T AR W ZRRIX | EIEEZRXX . 7h
B IR 2 XU DXR 75 8 ey i b X1 2 1 s )2
BELER S LT RRR R, WU E AN [ HB X |
LA ATE DL TR T TR IR =
(IR BERLIA, Peng et al. (2014) T4456H) 2007~
2010 4E#PU4ER) CloudSat/CALIPSO LA Bkt
TG R RV R A (AR AR . A, A —
o N T & T =1y 12 7 TH R 5T Chen et al.
(2010) FJH] MODIS (Moderate-resolution Imaging
Spectroradiometer) /CERES (Clouds and the Earth's
Radiant Energy System) )R &5 44 7347 1 vh [H Pk
X 2= A KA, (A4 B T 1) B
IIARRAE: M KA E 4 (2012) FJH] CloudSat
PER AT T E X T 6~8 H /K S RINTEE
SIARHIE, I R e B Y DL AR 5 2 A6
PRI S K E AT AT, B K kAR
B RKAE IR 25°~3204 5ty b, AR IR BT AT VT
A ST, I HW R s s b ix e
WFGT AR IR T A0 T 23 3 M X = 1 20 A f 3
T BRRFAE AR, B BT ST 3Rt T IR 47
IS (LW TEUE N, HArx T oy
BT TULR S, Rl DA R B R
A L4 AT DA S X 32 S 07 TR BRI, T A& LU AT 5T 25
AT LU A A BR X IR B = 1 ) B 2
i PV DY E S ST A S 7R § o
(2014) FIH mH#EH 73 #F% CloudSat LR % RL, 4
T T = B ) SRR A B R 2 06 2% S U A BRI 4y
ATEOMZETTARAL, IFFIE T o BT B SO >
VR, R A 2 e S ) B R A
RS EA N SO H BN S % 5 L A2
RO AR R EERIR AN, S tH AR VX =
(BB () o AR AE R 25 AR, U AR
iy X0 X 88 2 4 (R AR AU At R 2 ) 0 56 i
e

AR 2006~2010 4F4% 1A 5357 0] ) H
[K1ff) CloudSat R BERIHEATSLTE 70 M, BFST T AR
X (15°~60°N, 70°~150°E) IHIK//K =55 5
2 Vi BSOS AT 8% 5 2 ) 3L R TR AT R AR
MZ=ATA o ARTCER 2 855 25 HFFE T F I B REA
Titdks B 3 R A RO S 4 O ARSI Z

W

2 ERFAE

ASCAF & CloudSat TR $4it (1) 2B-CWC-
RO ==k (5.1 fliA). CloudSat TLAE T 2006
F4 H 28 HEEERY TS, & A-Train LA WM
RGN —, H E#EERE 94 GHz 2K~
JELE 1A (CPR), HRHUIEIZATINHZ)N 2 /N,
HEATZ) 37,081 A, R T SRR 1.1
km (SHLJ71R) X 1.3 km (EEHHUEIEIT ) X
0.24 km (HEE 7)) (ABREERRGE, 2008; 2
A, 20100, HATIR & H 20 8% . 2B-CWC-RO
#& CloudSat [ 2™, E0HE T o MBS KE
B OKS RS ARCER LSRR E, FikhrE
BIX A TR MK s CRARSEE R L5
http://www.cloudsat.cira.colostate.edu.html [2013-09-
20D (Austin, 2007; M KAEREEHA, 2012), &
B FEZRARW N HEMRYE 2B-GEOPROF ™ i
B~ (Cloud mask) FIEF 1Lk I =
(R, Wit 2B-CLDCLASS 7™ fi 22 8 2k rh A5 [l
BRI 43 AR i AR A S5 AR U 8 WS KKK
T WRLAR > A Z BV GR A8, 45 5 W1 46 {8
2B-GEOPROF 25 Hi 1) By I PR 25 F v 55 HA A [m] 22
B B KAKK R RS /3 A 40, dEmiv
HHIK SRR 2 AR 2K RS YR
B, I Ja s ECMWE B B 00 GRBEZN T
—20°C Jikz=, KT 0°C Kz, —20~0°C 2
IR A A2 73 AR UK 2 K 25 2= ) BRI 7
HHL . SChH BB AR K Y. Y
SRAE H AT S B2 X A AR B IR = R B ZK 5 1)
PRI AEAE — & AR E Pk, DR SR SR s 7
KRN TNT—15 dBZ 3X— 440 A Ik F
Kz —EiRZER (Austin, 2007).

HR 45 2B-CWC-RO I 5L, W3 =i
FFAEW R ARt (1) FEPEH K CloudSat
oAt = S B A 2 % (O2B-GEOPROF 7= iy
BHMAEEE LS BN @2B-
CLDCLASS 7 {1 2= 43 FEH W AN 2 Pl
ECMWF 5 xCH (it (1) 2540 DL J 72/ 31 CloudSat
Rk AT ENE ) (2) FGE R AN E
PE (7K 2 KR T FK 25 ks T IR A7 e 2 A
B RO BOE RS A 7= A I 22 s @UK = BK
PR //Bi =GR B U N e s B K SR CY A S B



N W 39 %

238 Chinese Journal of Atmospheric Sciences

Vol. 39

B P oK AR, FEORSE M =B 2
=R

AR ASE (2013) (X%, SR (b
B E AR ) (1995) ko Tk, FAR W HX
(15°~60°N, 70°~150°E) %43 A pudbHuX (LLF
fAiFR Nw) . T s X (LR i Tibet)y dbJ7
X CLLRfj#K North). mg i X (LLF faj#x
South) FIAEHFEL (LLUFFAK EO) 5 ANy, &
BT 2 VKRS K12 . VKA IK S5 KK 2=
ARCEAR VKK 2 2 TR P 55 2~ ) B A T A
Gl HARGEH 70 BRI X G 4 LRI 53 R
2.8° X 2.8° MM Mk, AR AL T AL, JE RN
F P 1) CloudSat TP ALFIH 1) FR 4k, SR Ja e 1T 5 2
B R EE AT RS T8, GEil X e H R AR
WA XA P o3 At Do ARG =AN A —
FATRISY, 3. 4 5 HRNHESE, 6. 7. 8 HAK
7, 9, 10, 11 HAKE, 120 1. 2 HAXTE, &
KG T B AP B AT A A A X3 i 2R 4y
fitfdl. T CPR FHIAAEHELL L 2~3 ZE/]
0.48~0.72 km i [l 4 ELANIf 22 PERCK (Stephens
etal., 2008), 3CHHTE B LR AEGE TP LB T
ML L, 3 2 (B 0.72 km) DLRHIME. 752U
H )&, CloudSat LA = M B & /= W E 8 fH
2B-CWC-RO F1 2B-CWC-RVOD. A 3%} P = i
HOHEAT T 3BT RO LG, 45 H I 45 A — 2. Protat
etal. (2010) tF5 ! CloudSat WA 3™ /i (2B-
CWC-RO #1 2B-CWC-RVOD) Ziil [kt JLP5e 4
A R, ] 2B-CWC-RO 77 i ] L3l 2 A S
AT E. T30 R4 T H 2B-CWC-RO 7= i 1)
Gl a3, ARG P4 R R N gs T A
I (PR HE 2 o

3 HRMSM

30 KIMXBKEEHNSHRESEDHTWE
311 EKEEAZRGKT DA B ILET T

ZRV R VKK B () B A L 2, AT
2 PR LU, PROK B AR I 7E 700 gm 2 BAF,
HKHENMS R, FRERZ, LB, EHEX
IAAEALZE 40 FELLRE K I, F2RH IX S5 N,
AR NS R M R R, B R B
400 g m > LA, FRE KT iR L 23
/NG R, R 300 gm 2 L Ly B
EO AT LR R, T3 5K AR M X

DL AR S A A K R e oA, Bk
{E 400 g m > BA_b; FKZS it B i) 42 da A 3,
AT IR 5, B IRG: A%
AR H DK KK B SRR, VA ) S e
XAFLE . XFNT MG [ 22 57 B2 KRR
R, 2Rk 15°%) 40°2 6 45 M0 Hb X $205C (1)
KPR %, MR AR, R A
SRR S E IDNEE = NN ) &%
o TR A2, KA K S 2 A Th e T,
AR M IX VKK B AR A M /N, KA X
VAR R E AT T S

A5 7K A P M X £ 3 A 1 KK
PRAHAE, e 4 e b 2 40 LRI HLIX
K/NE 600 g m > AR . HBRIAIRA KRR
Wk, KERZ, HEEB/. HBEEEXATH
SR SRS . B M X DL AR L, Bk
{H7E 250 g m > LA by TR En i RS B e R e )
E5E, BN E] 400 g m LA b, 48RRI
SATTERIAN: KER KRR, A RRFA
ey, A A T R R A RO 2R e,
B AT TRES, 1550 350 gm 2 L by KT
SEARFE AR IBIEER, BRI 400 g m LA L,
APULE L % 0 B A 7K B 2 1 40 A [ R 2 80
SRR SRR, 57T e i R N 5 B
FIE TR, KBS, Ho TR
BLESPEH], BRI, RSPk
VR RO, RIS /K B A0 10 e X A b Tl
KT (2012) B4 H K E 24 X
AT B B I A HH IR 250~ 3202k A 1 I
— B, ABREIHEHR KRR, WAKE R
(AR P EVET b2 . RN 5 R R R 2
ARG AT A
3.1.2 KRR RIREKEERFHME T T T

1P R R AR ] X 3 UK 4%
BB TRE MR TUEE, R
M X AR [ X438 P UK K 8 A2 1 SR AE 400 g m 2 LA
T, HEMEEE L ERET R, Rk, &F
e IR IRTE FoRTE, UK AR AR EME R
FEHAIK . ZRERIE . TS X . b X
PG X, b g M X PR S 394.3
gm ’, EFE R R, PEAHX &7
/N, HAT78.5 ¢ m 2o 1% kg 7 Hu X Fi 7%
HHR KIS A, R A KR L



2 1
No. 2

AR A X A B ) ARFAIE (1) CloudSat A MLINBF T

ZHANG Hua et al. The Characteristics of Cloud Microphysical Properties in East Asia with the CloudSat Dataset

239

240

240

360

110°E
360

480

130°E
480

150°E
600 gm™

15°N -
70°E 90°E 110°E 130°E 150°E
0 120 240 360 480 600 gm
70°E 90°E 110°E 130°E 150°E
0 120 240 360 480 600 gm
1

Fig. 1

h) winter

110°E
200

300

130°E
400

150°E
500 gm™

V<

"{‘}0

.

o

7
NEed

7
'

90°E

110°E

130°E

150°E

0 100

200

300

400

500 gm™

110°E

130°E

150°E

200

300

400

500 gm

110°E

130°E

150°E

200

300

400

500 gm™

UOKEEE (B WAKERE CBFD AP CREL: gm™) FENEL: (a. b) HF: (co &) HF: (en D KF: (g h) &F
The seasonal change of ice water path (IWP, left) and liquid water path (LWP, right) horizontal distribution: (a, b) Spring; (c, d) summer; (e, f) fall; (g,



N W 39 %

240 Chinese Journal of Atmospheric Sciences

Vol. 39

HoAb X, H A R E R TR, b
X KA T R T-RIX, AV, 2 vkk
BRI, AR LTSRN KOK & A F
BATACT. BRI Rk, HARIAEN
EAHILF] 310 gm 2, PHALHX YT L RN, HE
RIAEBZAE Y 133 gm 2.

WA K B AR AE A ] X 3 A PRI 300 g m LA
T AT DR IR ] 42 5 L B 21 2 ) L koK e 4
ANo FREIHRA RN, 553008 gm >, 5
DR AT TR R, VR B . AR
R 7 HB X I L e M XK, 755 8 M X A A 5
BRI . PEILH R I/, e & 2R (1)
B 562 gm 7, IR ORHR TG,
BN AR R M X, B PR 2R A A
R HB X A AE AR R TR AL, S IBBK 25K
R4, TP ILH X T TR, AR RS
e KA MRS, HBOMA T T AL
L RO 7K 5 AR 52 2 A T B AR o 4
Ko

*1 ARXERK/ BSKEEFENSTTHEN (B
gm?)
Table 1 The seasonal change of the mean of ice water path
(IWP)/liquid water path (LWP) in different regions
I s T
AW At mU7 FiEelR vEdk 1675
VKK #FZE 202.009 2463993 213.0217 208.0954 137.4351 200.5626
M5 HZ= 295.0991 348.7511 3943127 299.845 211.2091 264.0914
7 215.9013 344.1761 262.1809 158.1923 127.4816 187.0611
A7 114.0766 148.9988 84.76368 121.2207 78.47543 126219
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£Z% 167.2159 300.7871 249.6032 129.0382 56.28774 143.6398
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Fig. 2 The seasonal change of the vertical distribution of the liquid water content (LWC), ice water content (IWC) in different regions: (a, b) Spring, (c,
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(Liou, 2004).
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