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Abstract Based on the NASA/CERES 2001-2015 data of stratocumulus, altostratus, and nimbostratus liquid and ice

water paths and particle radius, the temporal and spatial distributions and variations trend of cloud parameters in the
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Southwest China are analyzed in this study. The results show that according to annual spatial distribution, the annual

liquid and ice water paths are greater in the east area than in the west area, and water paths are greater at low-latitude

regions than at high-latitude regions. The annual altostratus and nimbostratus liquid and ice cloud particle radius in

western Sichuan Plateau are the largest. The nimbostratus has the largest liquid and ice water paths between 90-230 g/m*

and 100-300 g/m?, respectively, stratocumulus has the least water path between 0-80 g/m* and 0-60 g/m’, respectively.

The ice cloud particle radius is larger than the liquid cloud particle radius by 2-6 pm. Considering the seasonal

distribution, nimbostratus has the greatest liquid and ice water paths in autumn and winter and the least in summer and

spring. There is less seasonal variation in stratocumulus and altostratus liquid and ice cloud water contents. The liquid

cloud particle radius is the largest in summer. From the variation trend, the liquid and ice water paths of all types of clouds

show a decreasing trend. The liquid and ice cloud particle radius of all types of clouds show a decreasing or increasing trend.

Keywords Clound water content, Particle effective radius, Cloud type
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Fig. 1 Spatial distributions of (a, b) altostratus, (c, d) nimbostratus, and (e, f) stratocumulus liquid water path (left column) and ice water path (right

column) averaged during 2001-2015 (units: g/m?)
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ZRETHRCE R DA B, EamitXiuis MERXAEH & TR, AMEX AT 51HA =

TORE, AN EM, BRI SR T A% KA. R KA R TR S E XA )1
FRAUEM S MRS T AREEREN N e, PNEM. . SUNAMERM XU =



K5 R B A 24 %

388 Climatic and Environmental Research

Vol. 24

LA R R BUEA M

BAAKE, PUEHXAFEM R ZR AR
R EHAEZ RIRDN, &) E SRV =k
HRCERR D BT 9~12 pm A1 12~18 wm Z 1],
WEZ4 3T 8.7~11 pm M1 10~16 wm 2 Ji] ,
ER BT 0~10 pm A10~14 wm Z 8] . ¥KAH
VRS A BE S 3 X Gl < IS L N e A R S Y e X ol =1
R HWE BB SRR TR S
3.1.3 ®adsbX Attt

AR ER. wEE. ML )R )|
7 e i X3k P A S AR I JE, A3 B S LXK
FZRM = K& B R SRR N 2 511
B MNE2FATLLEH: 1D SEMNE SRR
IKAIVKIK & AR PR BN X 5 22, HRAEZ DY )]
TR 2 g DX, 1P e SR B XK AT DKOK 55 7 8
b 2 BrENTERES, BB BB FIIKK
TRASHAMENK, HEL20g/m’, STMHAE
PRt DX K AR & Sl =y, 2 R A DY )1 2t 3 (X
K. 3) MEMNESIOKEES THRAKSE
&, )2 s UKKE A E PO BN X B B T
KEE, MZETVOKE B AE RHLIX B 5
THOKE &, TN XK & SR UKOK & & 2 75
Ne 4 ERBRVOKEEMRTHRKEE, HPP
BHUKOK & B BAR TR &, XARE&HT
ISCCP & L JZ Mm@ Tz, AT 680~1000 hPa,
DIEFERAL, ahiRERT R, SRR
K& R TR &

W BEBRRHERSR], T E X R ek
KA E R HIRZ WX, HPWEs ik
Z, MM BRHERY, FIRE EE AT E
B X (20°N~35°N, 103°E~120°E) (Z=fy3e
&, 2003). X 570 R HLIX A 7R KR SRR
KRE EFEEHAR, WRERZETE, A
B P () KAB O AL T D0 1 8t B BN 53 N b (X
(ZER 95, 2003) . JZAR = I 70 AR AR 5 Ph e X
K EEDARHERON—8, Sk, Pim X
WE s MEE s BUKRoK S EwmEZ, HER. 5
P PO XK AUk K & B T X
P LRI, BT 2 R K A, AP R X
W%, m/KERFEE, BRMEKIATES, i
AMEHETFRT P ZKBFERFIANEE. BRE
ANTHWEWKEZE s & (PtE AR
Ik, 2006), FEARZELEMKRERIRG MK,

R2 2001~ 2015 FAFMRAKEE
Table 2 Cloud water content in Southwest China during
20012015 g/m’

WERDKER WERZKERE BEREKER

K KK WK vk WK vk

Pt 89.52  110.94 156.05 193.18 4729  34.11
B 106.60 138.93 209.41 237.56 66.83  47.63

R 105.19  146.55 216.53 253.19  64.02  47.57
VO)NZHs  94.00  113.01  189.20 199.46  49.69  25.96
JIFEER 71.04  64.09 11523 119.59  10.46 3.09

R3 20012015 FAFMR ZRFEIERE

Table 3 Cloud particle effective radius in Southwest China

during 2001-2015 pm
[y i R SR T JARR Z R T
R HHCER R
WO Uk WA kA WA VKA
=M 9.93 13.02 9.88 11.26 8.84 11.22
pigll 9.23 12.94 9.21 10.54 8.12 10.22
EEON 9.05 14.76 8.89 10.93 8.25 10.74

VY )1 7 1 8.98  13.91 892  10.35 8.19 9.87
JITESE R 1144 16.09  10.68  14.33 2.76 2.17

PEBEEA IS (Rl P SV E K. MWPURSHX KRG, B
TERZRZNE, THRNEZHNZKEEEN
F8Y
MERIFILLEH: 1) ®EMWNE =B
R AR AE N T e R X A oK, 10
pm, H KRz AT X, DU Z X 2 R
FTEHRCERRAD, AT um. 2) &ZE KA = h
TAHRNCERAE N RO, Hid 16 pm, HIKGE
HPAU ) ZE 3 X, 531 2= e M IX 2= b1 2%
KN, Y13 umEL. 3) WEBUKH R T
AR S R, DM BEPAIPY )1 71
X R AR Y, 29105 pmEfhH. 4
JERR B WARAI VKA 25 b RO AR TE & 1L X AR ZE A4
K, mrEHLIX R RIS K. AT )T
JE X, Attt X )RS PR AR R, R
R, WARSNRIEGENE ) stz E
%, mEEEZAT DI SR, &R s R
/N (Warner and Twomey, 1967), iX tH 1] f8 /2 i& 1%
P8 e SR X 25 6 R AR B R R ] o 7 e
X Y AH 2= R A 8 AR U K /N S5 B e A X e
(2011 WFFL—30 AlAITiH 5 2000~2009 4F o [
XA =R T ERCERRI, b 78RR R



3 MPFEE: JET CERES ZORHIH [ P4 B HLIX 2 /K & E AR 1A 82 0 A S AR A RRAIE
No. 3 LIN Dan et al. Distribution and Variation of Cloud Water Content and Particle Effectice Radius in Southwest ... 389

(i iR 155 L P ) RS iy AR = V& =Y
TR IX 76 g ) 2 i XKL T R 12— M
10 pm 47 o
32 FEPHHIFM
32,1 =KEF

WEES G~5H). BEF (6~8H). K=
O~11A). £F (RARRFE2H) HHETEN
TR X AFRU RN KEE (RD. mEn
FERZBOKFIVOK S BEETEZREB/N, BKE=
B E S B AR 2 ZK T 10 g/m?, VKK & B
5 BARME 2 2224930 g/m*. /2 = WK AU K &
BENEREKR, BOKMUOKEBEKSE, &=
W2, BEMBZEBOKIKAK S BRI, BOKSE
e E SBR[ Z @225 g/m?, VKKEG EiE
B 5 RIMEZ 22180 g/m?. HAEZFEIL (2014)
W E R IX B B e K ENA T RE,
FEME Zwml. K (201D B H R
X 46 FHImmYRSR: &=, WU, SN
HKMX M EEESEL BN RAME. KR
W, =mBENEN NS5 KEEFN ML, =
R Z DA RERIE B K B =T A REIE I 5 R
Z
322 EhRFHMFRZ

MZETBN (RS KE, HMX s TH
R NN aa .- 31 P b AR SRV S X e )
KINEZFmK. MEZBHERTABCEEET
ZErmK, EFENRKNESEENRIMEZ ZEL
15 pm, HEZBH R TFERCEREZT ER K
/No PISERRFIRE, B 2R P r X R i
5, BERTHICEFRBRRKSWRETHL, 57
Hh—AJE R A RE 2 TR R vy, KA R
15 )52 BIRF SR, 1E AN AL I RURE )
b, Mz RS R (KRR %7,

=
==X
=

R4 20012015 EHEAFBR ZKEESZTTHTHG

Table 4 Seasonal variations of cloud water content in

2012) . R BB kLA R RN B L
s, HUCAENES, XFhTE3CER
/N RSN E WS RTA RCEE RN
HEHE RS, HIRAKE, AFNEEZRNTA
RN, HBEFNTAZE,

7 L X 51 2 = N 2 = VK = b 7 R
RINETERK, EBR oK BT 5 E B0
Ko MEBIKMERFARCEARETERRK, 4
FH R NESEENRMEZ EZLS pm, EHRZE
KM=k HRBCEREN Z S 8N, AF) 1 pum.
R oMW E o KA =R B R RN AT
Him, HIRANEFNKE, EFRNFa80EE
/e
33 ZHEFEHTHEDR
33.1 =XKEF

T R T I R EE 2001 ~2015 4F P8 £ Hb X
ZIKEBMART A SR IE TR SR, AR
X SHOAT TP E o008 . PESF 1 4323 0]
S e R — B B ) P R 5 TR P RS 1 i 5
FERE

MRS (K3 RE, HEXEZ
= MW 2 = K & & 9 5 2 R H 15 2001~
2007 SFONIEAE, WK EHE ST FHE, N
2008 F PAJE AR N, WK &S EALTFME, Ik
PSP B i e L HE BILAE 2002 4E 4112003 4F, A7 T 1Y
A HPLAE 2013 4, UK & &I IEAEEFH
Iy EABUAE—10%~15% 2 [0, JZFBBKE EE
B A% A0 B Bk A /N, IE SRR R AR AL AE
—10%~10% 2 [8], B H 4> % A5 M 2006 F I 1h
B AR R BUE

FirX SR WESHZER MoK ES &
BAFAAHEL (B4, BHEEDBYE, &2
N 2 2= B 7 1 2 FAEAE 2001 ~2008 4E N IEME, M

R5 20012015 EAFHR ZRFELEEZTTHHE

Table 5 Seasonal variations of cloud particle effective

Southwest China during 2001-2015 g/m? radius in Southwest China during 2001-2015 pm
HWER S WER= ZAVAP [ =rapay A WEZmRT ERashT
KEE KE KE ARER ARk ARkt

A VKA A VKAH WA KH

TR UKAL M ukRE W ok

HZ 8624  109.34 158.04  196.81 4326  30.15
HZ& 9173 100.64 16698  158.54  46.06  22.80
&Z 9579 12931  184.80  240.65  49.62  39.56
A7 9425 12629 17140 23595 4957 4825

T 9.86  15.06 929 1176  7.24 9.33
FES 10.71 12,53 1070 10.56  7.95 9.61
Es 10.18 1472 10.14 1257 742 9.27
X 9.89  17.24 9.64 1491 6.78 9.46




S EE K B WA 24 %

390 Climatic and Environmental Research Vol. 24
15% 7 (@) BREAWKAER mEX mEH
10% -
=y o
= 5%
Jlasg
B
= 07
_5% m
_10% 1 Il 1 1 1 1 1 1 1 1 1 Il 1 1 ]
2001 2003 2005 2007 2009 2011 2013 2015
F4
15% 7 (b) WREZHASR mEK WAl
WM W
10% - = i
x o/
= 5%
Jnd
B
= 07
_5% m
DD b s
2001 2003 2005 2007 2009 2011 2013 2015
F4
15% 7 (©) EREWASR EK  mEE
WOEM O W
10%
=y o
= 5%
£
o JII L. -1I r | '
—5% 4 n H

—10%

2001 2003 2005

2007 2009 2011 2013 2015

F4

B3 2001~2015 0K & B4R bR L3
Fig. 3 Annual variation trends of liquid water path from 2001 to 2015

2009 LA 5B A AE, ER S R EMN
2008 4E DL JE AR N B . IF FE P ) S5 B34 H BT
2002 £E 12003 4, 2011~2014 4 VKK 2 & B B
K. MERME, BEHEKKESRERZNEHKE
K, BB H 5 R BMAE —40%~50% 2 [7], H
WANEZ, ZBWFBNE—20%~20% 2 [d] .

M HX SRE, W H =K S Emd AT & a4
MrJa R, AR = IR & =I5 R,
EER . TUIEMA S X, K& R
AS@ERL T 0.01 B AL, BBUK SR
b EHREER, Mo ZRZ 80K E &

A B AR, NV S R X R s
AN Z UK & &3 B B E AR . AH
KRV G R BB, HFiR X
T 0.01 BFEMAKFALL, UKOKE EREDES
SEIEH . PRI X Z BRI, K25
FRIE A (ZHESE, 2012), WFFER T 60 4
Sk i N7 28 KUROR B (R4 B 2 R AT e %, ViR
X 21 th4g DLk BE KB #i sk b, eI K R D
BRI E, ZKEENZDHEKASEN S
Mk, WEEZE (2014 BRI 1961~2012 4
O X ORIV A AR R s, R



3 MPFEE: JET CERES ZORHIH [ P4 B HLIX 2 /K & E AR 1A 82 0 A S AR A RRAIE
No. 3 LIN Dan et al. Distribution and Variation of Cloud Water Content and Particle Effectice Radius in Southwest ... 391

15% 7 () WEEWKASE

10%

5%

BEFHE
o

BEXK Bz
WOEM m R
u)IE

2001 2003 2005

20% (b) MEZWAS IR

BFHES
o

2007 2009 2011 2013 2015

F4

mEX WZH
mEMN WA
u I

2001 2003 2005

50% (©) EMBKAER

BRSP4 b

2007 2009 2011 2013 2015

F4

mERXK ®EZH
RN WA

2001 2003 2005

2007 2009 2011 2013 2015

F4

4 2001~20154FPKR & AR FRASAL 3
Fig. 4 Annual variation trends of ice water path from 2001 to 2015

204G, R EE, FEFEREHRTESE
K 5 P A R XK VRSN TE 75 76K e i R 30 S 4030 3
DX 4 R o 5 1R 9 55 5 BUKTR N I8 (AL K3 2%
2009)
332 =hFHZKFR

Ph g X 2= BT SRR RS 5 =
KGR ZET (FSME6). MR L R
B, AR UK =R T A R AR 2L
AN LA A B TE R, UK RT3
PR IE PR R BAE —10%~10% Z (8], ¥’
M zbL 4 B2 IE 7P B 2 RARAE — 4%~

4% 2 18 o JEF WA UK 0L 1 24 BE ST
B R AE S 23k, 1E£2001~2007 8 74E,
BT A BCE AT FME, 2008 471 46 B ¥ H 4>
RANEME, mTFEE. SEsANZEsh A
SRR O R A A /N AE B HR BN, B MR R X
1512 2 VKA 26073 AR bR T 38
K,z FATIY )1 2 b X AR A7 B /N s B R
PEH X’ JZ 25 UKAH 2K AR PR AR A Bl L
K, BUNHLX N ZE A =R RO AR R bR AR L
ALK

SR KE, X H R A RO R AT &k



S EE K B WA 24 %

392 Climatic and Environmental Research

Vol. 24

6% 7 (a) BEEWAR T LB

4%

2% A

E=
&K
o
B
]
_2% -
—49 HERK BZH
WM W
= i
6% 2001 2003 2005 2007 2009 2011 2013 2015
4y
4% 7 (b) REZBHRL T £

2%

BFHES
o

—2%

mERXK
oM
m)IFE

_40 L L L L L
% 2001 2003 2005

2007 2009 2011 2013 2015

F4

4% 7 (©) BRERHRT £5

2% A

BEFE
o

—2%

—4%

2001 2003 2005

2007

mEX Wmz=H

WEM maH

'2009' '2011' ‘2013‘ '2015‘
FE4

5 2001~2015 FEAH = BT HCE R FERR R L
Fig. 5 Annual variation trends of liquid cloud particle effective radius from 2001 to 2015

BAHTE RIL, R BT 2k 74 3L
Pt RN, ®E S NE A UK
SR T ARCEE S B RS, S45E X
B, MBS (2016) X s 5 X 2007~2014
GEPN AR SRV & S S NI TIW, 8 DS Saay AR R K &
BB RN LL2 pm (10 2) ' H IR
D, R R R AR TE AN T e S X 2 gk
AN DKHERE T R AR TR AR 1 3 S gk a3
34 it

it X =TT R R, T PRt ag
BAERZ GRS, HET2MEREM, Frth

X%, BRBKIATED, FEKEREDE
o TREME. Xk, SR s s, st
N IR KR E K. BT =
B SRS LAN, KTTHAT FEK BE Ath 2
REE, PR KPR EZ MR
W F NP ATED B ESE, H A KU EE
8, YPuEHLX R AR KV . AR
FERYL, St DU AN E PROCHR 73 4 [X A 7Ky
BHUZEX, SFKEEES, SaEmEbXZR
K EEA A, SIM FPANPY )17t b
X =K R, B BN T ARk



3 MPFEE: BT CERES %R [ 78 g L IX 22 /K & s R 38042 20 A0 S8 AR
No. 3 LIN Dan et al. Distribution and Variation of Cloud Water Content and Particle Effectice Radius in Southwest ... 393
8% () WEZKMKTERE mEK WEH
6% WM WA
m )iV
4% -
=y 2% A
.
0 .
B
2y —2% -
_4% -
_6% -
_8% 1 Il 1 1 1 1 1 1 1 1 ! 1 1 )
2001 2003 2005 2007 2009 2011 2013 2015
F4
10% 7 b) FEZKMKTFEE  mEK WEE
8% - WOEM WA
6% | m)ivE
4% -
x o
ﬁ 2%
0 -
B
W —2%
_4% -
*6% -
_8% -
0%
2001 2003 2005 2007 2009 2011 2013 2015
F4
10% 7 (©) EREWHKT$F
8%
6%
4%
=y o, |
= 2%
g 0 -
B
o —2% 1
_4% -
—6% BEX mzH
—8% WOEM m A
_10% 1 L L 1 L L 1 Il 1 1 1 L L 1 J
2001 2003 2005 2007 2009 2011 2013 2015
4
El6  2001~2015F0KAH 2R+ BB bR L 3
Fig. 6 Annual variation trends of ice cloud particle effective radius from 2001 to 2015
Ao FHL P RREE ARKT R, SA TR

PO R IX —E Y355 N TR K, 52
e 7 i 3 X ) 5 E EON R R AR T, fEHFEZEMEK
7=, 2V = EAVESER TR G, HORR
TR KR SIS RE, I KRR KKK &
s, CHUE S E 3000~6000 m, & A 4EF
AR = T ML T AR, X 22 A 515
REAR A #MEA BEE L. BT bR
R %2, H LUK R I 2 1 =K B IRA
PedO R, #OE 2 N T AR D . &2,
72 VO F 1 X K de /D B R0, RN X BRI AR AR K 5

XERE K EERE, £FNmbX AT
B BUKAIVKOK & &, Bl T R KRl R
Bb, EEE R, RAEM. KHEFERL

S A St AT 489 Y b VL
4 #i

ASCKH T 2001~2015 4E 1) CERES %KL, %}
PR 3 X [RI 2R EDIR 25 0 okt 8 AR A 25K
TRIT TR Nm/KEBEE D ARFIER



K5 R B A 24 %%

394 Climatic and Environmental Research

Vol. 24

B D BUKE EFIUKK S A3 25 18] 53 AT RHAE
AL, FEAR R BV R X K A AR T AR i
X, WHRACHIHL XK & 2 TR X . 2)
WE KKK EERZ, HERES, BER
AN B o WRLTF B RO A3 2 A R E R
D FESANZE =B =R T H kR
EX AT )N EE, ER SRR =k 3L
PREEXM T . 2) AR S
SR A RCER 2 B EUE Z 7N, UKAERL T 2
PREFBK. 3D mEHWNES R TAHY
wEmTERE,

MPF & X KE: 1D SESMHESFEL
WK FIVOK & BAE R PR S M IX 5 %2, HUG= DY
N ZEH X, F e X, )1 76 e X d
o BRI ERBUKAKK & BT S X £ 57
RN 2) BIEBMWNZ W=k 8RR
R RS, DU )2 B MW E K
MHabFHBERENTE SRR K. ER AR
VKA B0 B ARTE VI e S X 22 AR /DN, =5
Hb DX S 5

MEFI ARG : 1) WEBBOKFKKE &
FHNEFRER, MEMELERKE MR, BEM
HFEERKEGERDY. MES. BRBOKAUKOKE
BEWERE /N, 2 ANEARUEAZKBHE oA
RERIRMNE R K, WEBBH B TH K
FRBWEREK, BEDBHR A RCERES
PWERBN. 3D BES. WESKH R 74 %
PRRBINAZFRK, FZECKE R FARCER
ENERRK, BRI TFHERERENE
N,

MAEBRAAL AR 1D PHR X AN A 2R A
= MK FNUKK & B35 R b s 2) ANFEIEHY
= VKA B F A RO AR A bR AR AT 30 LU 2= fE
THBEREER, B2 MWE B FUKA R
TAHBCE AR DG, BRI
AR RE SRV E S bt SR

S %3 #E (References)

AR, B, TR, 45 2015, JE T CERES ()7 575 h 2 K B LAY
AE e SLRE TR 7 05T (7). T S IX Hu R, 38(6): 1112-1120. Chang
Zhuolin, Cui Yang, Zhang Wu, et al. 2015. Characteristics and
developing potential of cloud water resource in Ningxia with the
CERES data [J]. Arid Land Geography (in Chinese), 38(6): 1112—

1120. doi:10.13826/j.cnki.cn65-1103/x.2015.06.004

B, Xige . 2011, A E X 200 2 5 A B A RO AR AR AR 5
[J]. K% FHE, 39(4): 408-416. Duan Jiao, Liu Yu. 2011. Trends of
cloud optical thickness and cloud effective radius variation in China
[J]. Meteorological Science and Technology (in Chinese), 39(4):
408-416. doi:10.3969/j.issn.1671-6345.2011.04.004

VLA, TYELE, XIRTE, S 2014, FE T 4041 2R 78 7 X s
50a 7% H K B 1 AR RRAE [ R 9¢F, 33(1): 65-72. Fan
Sirui, Wang Weijia, Liu Dongsheng, et al. 2014. Climatological
characteristics of water vapor over southwest China during the
recent 50 years based on the reanalysis data [J]. Torrential Rain and
Disasters (in Chinese), 33(1): 65-72. doi: 10.3969/j.issn.1004-9045.
2014.01.009

Y, AR . 2006, 2R = 2 N LRV I vPAL B 5L (9], KR
2, 30(5): 913-926. Hong Yanchao, Zhou Feifei. 2006. The study
of evaluation of potential of artificial precipitation enhancement in
stratiform cloud system [J]. Chinese Journal of Atmospheric
Sciences (in Chinese), 30(5): 913-926. doi:10.3878/j.issn.1006-9895.
2006.05.20

T, 2T, SfH RS . 2016, HbIERM R T T SR KR B R 2k
K2y BT 0] XR B, 44(5): 702 - 709.

Hongyan, Bao Yansong. 2016. Accuracy analysis of vapor density

Hou Yeye, Liu

profiles measured by ground - based microwave radiometer [J].
Meteorological Science and Technology (in Chinese), 44(5): 702—
709. doi:10.3969/j.issn.1671-6345.2016.05.002

U, M, RIBEEE . 2012, 1 60 4 Hh I A [ DX B K ) SR AR 1L
FEAE [0]. R4, 38(4): 419-424.  Li Cong, Xiao Ziniu, Zhang
Xiaoling. 2012. Climatic characteristics of regions of China for
precipitation in various the past 60 years [J]. Meteorological
Monthly, 38(4): 419-424. doi:10.7519/j.issn.1000-0526.2012.4.005

Ry, KA K, E30F, 452017, £ T MODIS 7™ i ) o 1 Bl s ik ==
FATARALIFAE (7). N AR 23], 28(6): 724-736.  Li Te, Zheng
Youfei, Wang Liwen, et al. 2017. Ice cloud distribution and seasonal
migration over land area of China based on MODIS data [J]. Journal
of Applied Meteorological Science (in Chinese), 28(6): 724-736. doi:
10.11898/1001-7313.20170608

BT, SRR, ARTL . 2008. o FE M X 7 rh 25 7K B U0 20 AT RFAE
R AR ] RARFHE, 32(5): 1094-1106.  Li Xingyu, Guo
Xueliang, Zhu Jiang. 2008. Climatic distribution features and trends
of cloud water resources over China [J]. Chinese Journal of
Atmospheric Sciences (in Chinese), 32(5): 1094-1106. doi:10.3878/j.
issn.1006-9895.2008.05.09

ZERRIE, TR 2014, VU RTHBIX I 2= 5 B B K I % RARFAE 7 (7],
H AR 958 22 4R, 29(3): 441-453.  Li Yueqing, Zhang Qi. 2014.
Contemporaneous relationships between summer cloudiness and
precipitation over southwest China [J]. Journal of Natural Resources
(in Chinese), 29(3): 441-453. doi:10.11849/zrzyxb.2014.03.008

BN, KA, AR, & 2014, TR TIIX 2= AR RHE [1]. 78
MK AR (H R R R, 36(7): 117-125.  Li Zeming, Li
Yonghua, Bai Yingying, et al. 2014. Variation characteristics of

cloud amount over the main urban area of Chongqing [J]. Journal of



3 3] MFFEE: 3T CERES BRI [ PG R 3t [X 22 /K & BEATRL T AR 70 A1 AR RFAE

No. 3

LIN Dan et al. Distribution and Variation of Cloud Water Content and Particle Effectice Radius in Southwest ... 395

Southwest University (Natural Science Edition) (in Chinese), 36(7):
117-125. doi:10.13718/j.cnki.xdzk.2014.07.020

AR, FARE, IR4°F, 4. 2003. o E R 5 X ER 2 0 B H
A ALKEAE 2 AT [J]. KR, 61(6): 733-743.  Li Yunying, Yu
Rucong, Xu Youping, et al. 2003. The formation and diurnal changes
of stratiform clouds in southern China [J]. Acta Meteorologica
Sinica (in Chinese), 61(6): 733-743. doi:10.11676/qxxb2003.074

MRPF. 2015, V8 3t DA [F) 620 25 1) 5 K B B 2 0 A AR AL e 35
[J]. RS %, 33(5): 748-755,801. Lin Dan. 2015. Temporal and
spatial distribution and change trend of cloud water of different
types clouds in Southwest China [J]. Journal of Arid Meteorology (in
Chinese), 33(5): 748 — 755, 801. doi: 10.11755 /. issn. 1006-7639
(2015)-05-0748

B, B1Z. 2008, = HBUK & B 5 o6 R EN SR R
[0]. AL 50K 22230 (H SRR R), 44(1): 115-120.  Liu Xiaochun,
Mao Jietai. 2008. Statistical relation research between cloud liquid
water content and cloud optical thickness from multiple observations
[J]. Acta Scientiarum Naturalium Universitatis Pekinensis (in
Chinese), 44(1): 115-120. doi:10.3321/j.issn:0479-8023.2008.01.021

FEBETT . 2016. 2017~2014 47 i 51 J7 4t X 2 (R 2R AGARFAE 22 e mi
R T 43 #7 [D]. = Fd K 2= 12447 18 3C, 1-88.  Long Linxue.
2016. Analysis of variation characteristics of cloud and influence
factors over the Tibetan Plateau from 2007 to 2014 [D]. M.S. thesis
(in Chinese), Yunnan University, 1-88.

PE 2, Bl S L 2016, Hl B B K R 2R 5 T B 45 4
AE A1 20 B [7]. R % FE L, 44(5): 805-810.  Pang Zhaoyun,
Huang Shan, Zhang Fengwei. 2016. Microphysical structure of a
stratiform cloud precipitation event in central Gansu Province [J].
Meteorological Science and Technology (in Chinese), 44(5): 805-
810. doi:10.3969/1.issn.1671-6345.2016.05.019

KAV, ok, BRH, 55 . 2013 [ P JbHE X AT 20 4F 2 K B AR IR 25
ATRFAE [J]. 2591 K22 22 4 (H 2R B2 RR), 49(6): 787-793, 798.
Song Songtao, Zhang Wu, Chen Yan, et al. 2013. Temporal and
spatial distributions of cloud water path over Northwestern China in
the recent 20 Years [J]. Journal of Lanzhou University (Natural
Sciences) (in Chinese), 49(6): 787-793, 798. doi: 10.13885/j.1issn.
0455-2059.2013.06.022

P, A BT ST, 45 2014, L 7E4 2008~2010 4F 64 ZLK
HLz W LI &5 3R 43 9], RRAHEL, 42(4): 682-689.  Sun
Hongping, Li Peiren, Yan Shiming, et al. 2014. Characteristics of
cloud microphysical structure based on aircraft data in 2008-2010 in

Shanxi Province [J]. Meteorological Science and Technology (in

Chinese), 42(4): 682-689. doi: 10.3969 /j. issn. 1671 - 6345.2014.
04.027

FAR, KEh, %HRFe, 55, 2014, 2T SPEI G B [X I 53a T 2
FEAE 23 B [J]. B 28 % U5 2% 4, 29(6): 1003-1016.  Wang Dong,
Zhang Bo, An Meiling, et al. 2014. Temporal and spatial
distributions of drought in Southwest China over the past 53 years
based on Standardized Precipitation Evapotranspiration Index [J].
Journal of Natural Resources (in Chinese), 29(6): 1003-1016. doi: 10.
11849/zrzyxb.2014.06.009

Tk, BRE M, %A, 5. 2011 BT Aqua TR &= m R i
X = K BEIR [0 B 2R BT R, 26(1): 89 -96.  Wang
Hongqiang, Chen Yonghang, Peng Kuanjun, et al. 2011. Study on
cloud water resources of mountain ranges in Xinjiang based on Aqua
satellite data [J]. Journal of Natural Resources (in Chinese), 26(1):
89-96. doi:10.11849/zrzyxb.2011.01.009

Weise, 2L H , Wk, 4. 2001, dbai & H K RGP =K E &
G RAE 43 BT (0], B A S AR, 12(S1): 107-112. Wang
Xiaobin, Li Shuri, You Laiguang, et al. 2001. Cloud liquid water and
precipitation studies and its statistic characteristics in Beijing [J].
Quarterly Journal of Applied Meteorology (in Chinese), 12(S1): 107-
112. doi:10.3969/j.issn.1001-7313.2001.z1.014

Warner J, Twomey S. 1967. The production of cloud nuclei by cane
fires and the effect on cloud droplet concentration [J]. J. Atmos. Sci.,
24(6): 704-706. doi:10.1175/1520-0469(1967)024<0704: TPOCNB>
2.0.CO;2

MRAs, B A 2012, o [ M X 25 2080 RT3 20 A AR AE
[J1. A % 5 3 B 50, 17(4): 433-443.  Yang Dasheng, Wang
Pucai. 2012. Tempo - spatial distribution characteristics of cloud
particle size over China during summer [J]. Climatic and
Environmental Research (in Chinese), 17(4): 433-443. doi:10.3878/j.
issn.1006-9585.2011.10066

SRR, ZRERTE, FRALSE, 25 2011, 3T 46 R P R HLIX 5 B I 25 Ak
fE 0], =5 RS, 30(2): 339-348.  Zhang Qi, Li Yueqing, Chen
Quanliang, et al. 2011. Temporal and spatial distributions of cloud
cover over Southwest China in recent 46 years [J]. Plateau
Meteorology (in Chinese), 30(2): 339-348.

SR, F 2400, FRRRTE, 5. 2009. w5 SRR A 4RI ML IX 23 KR B
P SARARAAFAE [T]. B )54, 28(1): 55-63. Zhou Changyan,
Jiang Xingwen, Li Yueqing, et al. 2009. Features of climate change
of water vapor resource over eastern region of the Tibetan Plateau
and its surroundings [J]. Plateau Meteorology (in Chinese), 28(1):
55-63.



