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Abstract Using the CloudSat/CALIPSO data products during the period of September 2006 — August 2009, season-
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Monsoon Region (EAMR), Indian Monsoon Region (IMR), the Western North Pacific Monsoon Region (WN-
PMR), and the Tibetan Plateau Region (TPR). The geographical distribution of low-level clouds over the Asian
monsoon regions and its correlation with atmospheric stability of the lower troposphere (LTS) are also analyzed.
The major findings are as follows: (1) During the period, the total cloud amounts are 69% (EAMR), 72% (IMR),
83% (WNPMR), and 69% (TPR), respectively, to which single-layer clouds contribute 56% (IMR and WNPMR)
to 77% (TPR). The multi-layer clouds are mostly double-layered or triple-layered (fractions=>95%). In the IMR,
the total cloud amount in summer (greater than 90%) is significantly larger than in winter (about 50%); the total
cloud amounts are larger during spring and summer (=>90%) than autumn and winter (about 50%) in the EAMR
and TPR; the seasonal variation is negligible over the WNPMR. (2) Clouds located above 10 km containing small ice
crystals prevail in the tropical monsoon regions (IMR and WNPMR) all the year round. Marine boundary layer
clouds are common during each season in the WNPMR, in contrast to the IMR where low-level clouds occur mainly
during summer. The EAMR clouds are located mostly below 10 km from autumn to spring. Although more clouds
are present in the upper troposphere during summer than other seasons over the EAMR, their occurrences and verti-
cal locations are lower than those in the IMR and WNPMR (cloud amount of 60%-70% from 12 to 16 km heights).
The TPR clouds are mostly located in the height range of 4 - 11 km, with cloud particles at the same height covering
a wide range of size. (3) The geographical distributions of low-level clouds in the Asian monsoon region are similar
between spring and autumn, and significantly distinct between summer and winter. Low-level clouds are the most
abundant during winter (45%-70%) , located mainly in the western North Pacific, southern Chinese mainland and
the oceans to its east, and the regions around Japan. The low-level cloud amount is correlated with LTS quite well
except for winter. (4) The cloud layers are geometrically thin in the four regions, with 30%~ 36% being thinner
than 1 km. Moreover, the vertical distance between two consecutive layers in multilayered clouds with values less
than 1 km accounts for about 10%. Both suggest a need to improve the vertical resolution of current general circula-

tion models.

Key words Asian monsoon region, Tibetan Plateau, cloud amount, cloud vertical structure
2|= ZHE B LGl . TR B E LU
=1

23 A R 3RO AR G A AL A s )
PRI R M0 R AFR I S <R G 1 BB B S S KA
WEE Ty EEMEN, =5 e S
HoPy #6445 # %8 V) 4 5% (Stephens and Webster,
1981; Stephens et al., 1990; 4 fH5E, 2003; 7k
FERGH B, 20100 RAFHHE X (GCM) fEDy
o XA S B TR, HAB = 1 4 A
FRFPEAFE B BRI E 1 (Zhang et al., 20053
Bony et al., 2006), B E 2L %A%
(IPCO) fii— IRl A 4R . = Rt A=A
P AU A 22 S — > EEORIE (Randall et
al., 2007) . W WFFE AN = B S IBAT T — &
)T AR H T B = S50 UL TR, X B
PP BAE IR B Z TRA AR, X2 GCM 4=
MR AR RO 0 P 2 R 2 — . B LA
i — 20 3 M 5 N RS AR AAE 0 B TS5 A
AU

D BRI, A b TR ORI sl R 2 22 /A JL 4
ic s (Hahn and Warren, 1999), (HE M4 L2~
[ A AE TR P s b TRDULIN 2 B R XL 2] 5
RZ MG E . b — 285k 5 BT 3 3 2 sk
s WMHOLEIR . 2B, ORI = 1Y 3 B 45
MEE . ROE s AR rE . 2 H TR 5
(Luo et al., 2003, 2005) F5&FE/K I (Zhang et
al., 2011), R XAEAYul JU AT AT BR . AR eSS 2 8
SN AT BRI SN 2 fER. B
B FARE I 28 28R P s 20, HA AR
FMEn g sh 2 TR I RS [ bR TR = AR
(ISCCP) %l (Schiffer and Rossow, 1983; Ross-
ow and Schiffer, 1991;
2004), F2MtsE e ek g i E L IX T 2 4
BRI = /40 A (B A ag, 19975 F ] I 4,
20015 XK 55, 2002; XIPEF 4, 20035 T 5F
45, 20045 XIAF4E, 20100, JF & ISCCP = & wEk
55 25 Ml TR B0 9 R L A — 2L (Rossow et al.,

Rossow and Duenas,



6 1 YEL I CloudSat/CALIPSO YEKH 47 0734175 AU DS A5 SRS JELHLIX 25 0 175 (L

No. 6

WANG Hui et al. Analyzing Seasonal Variation of Clouds over the Asian Monsoon Regions and the . .. 1119

19935 XIHLFIZE, 2003), Aidix 2 2 3 pk sh 0w
D BE S e AL T B T EDULIAT N KR ER B 1R
B RSN EESEHER, 2201
B, BIRE . = MY HERE . FE3 s Sy T
SEBRIC 2 HL 25 I XSO0 ) 28] 0 9L BE L TR L XL
L T HF ST 28 2T B8
PR EEE (i Wang et al., 2000), {HE2JGZk
TR 0 JRAS A I 3 A i %) [X ek 9 L A A
JRI R s BNk e 2 3 LA A S BOA D T 4
DU SA 5 4 Bl 58 B A%

2006 4F- 4 H 28 H EEERKFMH (NASA)
R T2 T —x F 3 X AL s K AE CloudSat
TR (Stephens et al., 2002) FHZ Kk =B H
i5 (CPR) (Im et al., 2005) Fl& A CALIPSO T2
F (Winker et al., 2003) i =—SIEKIEAMIE
WGk (CALIOP) (Winker et al., 2007), H3k
A ZS R 25 FNAS 0 I ) T B 4549 . CloudSat 1L
A1 CALIPSO P ETER —#iE | %f7, CALIPSO
TBEA )G CloudSat AEZ) 10~15s, EATF 5 4k
=8 TR Aqua, PARASOL 1 Aura FLJRIZH K T
A-Train [LE#E (Stephens et al., 2002), A-Train
TR BERTE B SR 4 3R 2 VS VA I () T EL45
FIWI PR3 A F5 % A T fE. CloudSat 7R %9 CPR
A LA KA TIOI 2 3 EL 4 40, p T A il B
TEE I B BE (94 GHz) . A DL %R 3B 624 B 4
JEM 22, FTCTE I B4 R R 5 vk . SR
1M, CALIOP GEXLIN 22 B R# R . KT CPR
PRI 13 (B 7K ) |2 RN K 2= J2 oL, R] I 3 g e
NI GERHAH 45 A T LAMERR BRI 2 2 1 P9 30 2 45
F, 3% J2& CloudSat/CALIPSO 254 il z % H F
2 LT B IO I R S 2 0 X SOOI = e} ) e
K#H. A L5 CloudSat/ CALIPSO ¥
BEI T 2= 12 5 ISCCP B2k 1 1] 2 0L 5 e i
TR0 #r (Sassen and Wang, 2008; Luo et al.,
2009; FIMHES, 2010), FH] CloudSat/ CALIP-
SO FERbZ LB AT 5 19 .

H#T, CloudSat Fil CALIPSO M O 2424t T
2006 4F 6 H 15 H LRI F & vk, Kt 24
FRUE = 5. i 2B-GEOPROF, 2B-GEOPROF-LI-
DAR F1 2B-CLDCLSS 4%, X8t & s T
i = B9 B, B #: Haynes and Stephens
(2007) F 2006 4F 6~8 H 2B-GEOPROF %k}t

TG L 2 A A RRIE s Mace et al. (2007) H
2006 4E 6~8 f] 2B-GEOPROF 20 #7 T 28k = & 4=
AR EE B3 A 5 Zhang et al. (2007) FJJ] 84 KiY
2B-GEOPROF 1 {53k S5 B8R, 3l R4t
BT B A b X = R AT ROEE 432, FF 1 500
hPa JJ P-4y Bk AR KA 30 T SRR AE , Ui ]
ANF = BRI AR s Luo et al. (2009) |
FH 2006 4E 6 A 3] 2007 4 8 A Ky 2B-GEOPROF F
2B-GEOPROF-LIDAR RN L 734 1 v [ AR 7
X IR B 22 X 2 1) 30 T 45 40 R o S LR AR 4k 5
FREARZE (2010) I 2006 4 6 F 5] 2007 4 12 A
i 2B-GEOPROF #1 2B-CLDCLSS & R4 ¥ 17 &
e B e R R A R R KUK 2 R R SRR
fiEs Luo et al. (2011) i 2006~2009 43 % Cloud-
Sat/CALIPSO BERFXT LG T 5 8 5 I . 2P 2= XU X
FIAE 5w By X R BRI R

VIl XA 2R G A BRI B 48 T R AL
BRI, T e J DAL A 1 TR i 7 A 1 3l R
Jya AR FTE N 2= KA e iR 3 Al AR
(R BRI 23, 2002) . WERAWFIE = 1K SFF
T EL AR T A S Y 2 IR DX 7 7 v i e DX ) A=
Ty, WME XA AR EE R TR R
ZERANPE A K 2 2 X = A8 (Wang and
LinHo, 2002; Ding. 2007), 47 5 75 X2 Bl
i 2 XL B RS B 2R RURITP b P-4 7 2 XU 2 44
#:Z X, (Ding, 2007; Wang et al., 2005), AHfF5E
DAY 22 AU DX 1) = A DX I 7 s D b DX A
X5 (D) s AN AT X343 00 SO AR 2R AL
X (22.5°N~45°N, 105°E~140°E) (Eastern Asi-
an Monsoon Region, fij #8 EAMR) . E[JJi Z= XX
(5°N~27. 5°N, 70°E~105°E) (Indian Monsoon
Region, fij#x IMR) . PHILRFHEZERIX (5°N~
22.5°N, 105°E~150°E) (Western North Pacific
Monsoon Region, fijfFk WNPMR) HIF5 ik = )5l X
(27.5°N~45°N, 70°E~105°E) (Tibetan Plateau
Region, fajfx TPR), F 2006 & 9 H 3| 2009 4 8
H =4Ef% CloudSat/CALIPSO %k}, 4347 7 X pU4
MWK =it = E I 538 R R B 25
FMHETARAL, WIFRZMZE RN EERE,. &
WEEMNE. o) ZYHEE ., HB)ZREE. =
HY) R 8 ST AR — s AR AR A S T X YA B IX
IR AESIR A HAA Z [\ B4 H T 2



X " B ¥ 35 4
1120 Chinese Journal of Atmospheric Sciences Vol. 35

50°N
~0e

7T

>
.

40°N 1

30°N 1

km

3.0

{

20°N

< IMR < *
! WNPMR
10°N 4 Q / ) 1.0

9

0°. . x\\g (\’//Zwﬁ

60°E 80°E 100°E

BT o IR A IR S A 1] (B2 HUIE i D

120°E 14(I)°E 160°E
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