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Abstract In this paper, major progresses in the studies of cloud physics and precipitation as well as weather
modification during 2008-2012 have been reviewed and summarized; the important scientific issues that need to be
solved urgently in the future have also been discussed. This paper reviews the current status of the advances in
cloud-resolving models and simulation studies, observational studies on remote retrieval of cloud and precipitation,
influences of aerosol on cloud and precipitation, and modeling and measurement of weather modification processes.
Cloud and precipitation play critical roles in the atmospheric water cycle, climate change, weather forecasting, and
reduction of atmospheric water resource exploitation and meteorological disasters. Therefore, it is important to improve
our understanding of the formation, temporal and spatial structure, and evolution of cloud and precipitation.

Keywords Advances, Cloud physics, Weather modification

1 5|5 fe 1Sy TR 28 e MR, 2 B AT A in
ZE R AP RIERIBATERY  YEBRRI AR ) T T4,

BRI RSB, A T MRROK e AARAR A, 1 e 2 B 5 N TR RS AR e R O

DL K 35 7 RS TR KRS AR A N TR RS, — USSR VSRR, 1 2 MR /K B B % 3 Py Sy

i B 2012-11-12, 2012-12-25 Wi ER
BB HEK ERREES R H 41005072, 40575003, |F K ARHSSE R E ST H 2006BAC12B03
EHRN ¥R, B, 1964 FHE, TG, TR =FAYIES N T#MAS. E-mail: guoxl@mail.iap.ac.cn



xR ¥ 7%

352 Chinese Journal of Atmospheric Sciences

Vol. 37

J71H1 (Rogers and DeMott, 1991; Pruppacher and Klett,
1997), 2= HUE AR AN 52 i 5 1 Y T F
51 (Orville, 19960 LAN N T 52K SIS . FRfH
ARZEJ71H (Cotton, 1986; Bruintjes, 1999; Silverman,
2001; NRC, 2003; Garstang et el., 2004; List, 2004).
RHEA R =YE G N TR A AL
YRR SCOR R (BEETTAE, 2000, 2003; F 15 A
Jt, 2006; BkRET, 2006; Ma et al., 2007; i 1Hit
4%, 2008; Guo and Zheng, 2009 ) . IXSLZEAR P i SC L
ARG 2008 A LLHTE A S BB E N T
SRR BR . AFLEI ) 38 SR R A AT T IR
AR ANIRIE . A7 TN 2 B K T 9T AT
—HEEARMEIR S (BEFIETZR, 2008 1584,
20110, HITAFE M FLE R (2012) R N300
RARPFHARIVIRIEAT T 2598

WG SRR, IR Pk JE, =%
I EL 5 N 5 i R A A A T — R A ik
JE o ARSCHAER 2008~2012 4 WA K 2= K
W35 N 5% i R AU ) 2 SR 5T 0 e R AT 1
BLERIR, TFUHE H A IR 2 S ) A A A e 1)
AR} )

2 TBEFKYEARAER

21 ZHEEXREUAR

2o 33 LA AR a0t e 2 AR I AE h RUBE ] 73
e B LA B A A = e B RE ) = B
Fs I AN BT A R AMASEALL N PS4 5 i o B 4]
USRI AT O B S b, AR AR AU
R TR SR R R HER e A
GHITPUN S Pae /B2 SUN SRR 2SI B RN a7 ayicod 3
R, FRMIEHIE TR IR A s 7
2.1.1 AR & FAalEK a7 h

TR m A A R P A R . A
IR A B AL R, DR ox
K RERA I RIRN S
IR AR AR B LS 2 R
JEAEZ PRI AR A4
AR T AR AL 5 BRI AR, A2 H AT
B, I PR AT W v AT S s
BRI B RTINS 5 AR K [ s i LB A
5ok, BATERIAENE . BAT W AL /e
() AR AW FUX — ) 0 FE T B

R E S (2011 A XS HE = 5 &= W

WRF #K, XAt R R Ry FIp s PR K 46 3
Rz K REAT T EE R ST, S5 R K, B
FAMSR B3N, AE Rt B R . R RI
AP BB E 7 > T 23.8%, 16.6%A1
14%. 17 B U (3G 0, 368 W] 24038 [ K P it
5N 7 11 1 D 5 B R A P D VAR 1575 R 7 S
rh A I RO KA e M E T GRGESE S 2008

MR (2011 FIFHAE?S Morrision WS
Y E T 221 WRE b ROBEEE B0 2007 4F 6 H
13 Fl v — U S K R AT TR 9T, 2R TS
Pei5 50 PIBEK XSOE B B AR, (RO R AR
g, SFIREKE IR/ 0.8%.

Gy SCRUBE Y (2011) F)FH ebeadt g b R K
(MM5) IE 2z 07 %8, WF9E T e 2= 4K v BRI
ER . S5 RM, ERHEA BRI Regs . it
MW A B A R, A1S = b
40%, KUk 20%, A R R 1 N ik
30%7iAT o ARV GRS IREE T BRI T bk o

HHLLE (2012) FIF] WRF BB T A
[ =BT R 45 1% (COND XMLk Bk IfI 52
Wi, 49 2P A AR L CON R BE3E I %E iR
BEAC= A WIHRE KRS B DL, ARG %
KA CCN KREESE IR, 1ML sy
Bt CON X B K (15 B & 2%

FURMIAFES% R (2012) )] WRF/Chem #
AR TR, JF R T AL AL N s G
HECIE PR RO 5o A N BB AR LS .
RIS RRY, 1075 1875 YeHEBaE R, R
SIS R AT AR FE AR 5 TR L RS DL FEASOR st
G RN PN Sk e S RN E 2 (B NN B R T = 2oy )
BHEFTZHIE R, N ARG R85 130
KHIN 50%, Z5 5w H I 5 £, “FIREKSS
FRELINH] 1.5 ho I Him 3444 SO, NOx #INH; [
HEWO™ A2 B IR IR 25 1T R e B A T
B (Jia and Guo, 2012).

2.1.2 MCS /= A W32 8 FAH AL

W R R GE (MCS) 72 AN LB AR5 5 4,
ZRRERIRS #IELLAERM#RT) . )nd
T sem . R o Fr a8 R R, 7EHE
ZPERE R R R A S T R A R,
EPem T X MCS TR A M BRLRE ), AR
FELRIF ST MCS JERGEFE (B F A B msE)
JALFE K. VK T, KSR EERS



21t PeE R m RIS N TR ST (2008~2012 4F)
No. 2 GUO Xueliang et al. Progress in Cloud Physics, Precipitation, and Weather Modification during 2008-2012 353

Y

N A RS MCS B By —,
AT M S IEE I MCS BRI — R FH AR
BRGNS BRARR 29T S ik
TR IT — R T FARM I . Y8 WIERI Ay
VIR B0, 25 AR 5 S pe R = B T it
FEiE4TEL# . Fu and Guo (2006, 2012) #4546
HUSE R R 1) 53 3 2 BUE R MMS BLUAIT ST T
Jb5t 2001 4F 8 H 23 H—k MCS MJERGERE, K
B MCS MIERE T T NSARIEGE B < B,
F) MCS P s It A5 2 N RIS R, 1
ARG, T ERiEE, HEMET <
) WA C7/B U R P e SN e S N N
RIEER FE RS, A RBERI &l
Lo A & W HAA IR G — 8k, TR
AL FEIIREANINR

FESE (2012) FIH] MMS5 Hf RBEERE G 2008
7 7 22 HURAAE SR — R iR O
FEHOO I 2 G LG AT T AUERAII ST, AR
WG It gk g, ~TidaE, =K,
UKARY) TS I N, MU REK IS IS . B EHAE
QQ012)FH WRF Bixx} 2005 45 5 H 5 HRAAE
SRR — IR 2 I R TR, RS IEEd
AT DX T34 B 7K o A PR SR B i 4 o X SR A
PR TGS TR 55 5 1 W &5 A A 1) — 350k o

UG AT O, e ROBE AT 23 2 B I A et
THHEBE IR . KRG VKR RS
RURE ). BT XL AN R e, Dl ail
AR I 25 (1 BEAR S AR BUE AL Cln A i
Bl SBSIRIAEHE) 1) BT SE R IR B AR R
A (ARSI ARG SRR AE ), X P AR AR
il 15 BB R0l 45 SR 55 52 B 0 485 SR 117 Bl 38 g T
At Hral e B HAMWNE AR (Cloudsat, TRMM
)« LB I B A TN b 5L T8 A5 I 5 A 1y bl
&, AE A B FE A S B T RE . PR
FENT B I N H , A5 2 ik sk T K 1
ST AT TR, i PR R B K ()5
WA e T = A B FE A 5, S KA 5E 5
HREE DI (Fuetal., 2011),

XA A R (2012) AT 0] 0= REE
WRF $UEA, W98 T 2009 4F 6 H 3 HERE M F
KA Ty S DR RE L KA, I K 28
T A2 T T4 Y 4 P88 ) OB R 3%, T e T A 4 3

TR IR WAL I FE R ) = A v R AR, )
—MNYoE AR R EEE M. hahE TR
R P b TR ¢ A R X 70%, T b T 8 Al 5 2
(R HBTH K AZT s 30%, —FILEMEH S8 T kMg
£ ICEME A4 (Liu and Guo, 2012).
2.13 =4 Mo KITAR 0 BAAAE I

X IRN T, AR T-HE it B K
IR TP N i 7/ B LE T S B S R SR
RIEFIAW B, X 22 G5 MR AR R A TR —
Az T

AEFIEEfE (2008) FF MMS Hr3 iy <t
SR ZY 7 AR T WA X — IR 2R e
/SR I i X VR TE R AN OB K - 8 R Sl =
XoF R BA VR B B e i 2=, B EAR
B ARBAURR AL, TR T 2R = B il
il o

MridlaE (20100 R —4E 2R 2 2 Rk,
XF 2007 47 1 HEMWRE — kBB TSR JE
ARz FEK G RIIEAT T BT, R IOK A ERHR A
BRI B A D<<300 pm F)/N KSR .
TREZRE D>100 pm [F7KI R~ LA SR 56 4 il
A B UK RORL 7 568 8 J2 /DS 2 3R 1R R i £ A
R, RN, 4 BeKohL 1 2E R J2% P T T ik b
BURE AL A

FIAAE (20120 A R 240 B =00 3
7 2008 4F 1 H 28~29 H MWW R AR FERET T
AL, W T KRR ST I K245 e = 7
TR DX 2 I 2 O S B RFAIE o« 25 SRR, W91 R AN B
P Hb V5 N T 1K 2 ) BE AL B AN [R), 90 7 42 N E
“H—IE—A7 B4, il “UKMHRBL SRR B
B, TS MR R AE “BE—3%7 24 Nl “idw
RPN RLFE " FE R o

RS (2011 FIH—4E 2R 2, 0+
2004 7 1 HE— R EEAKEZAR = 200
PR FNSEAKBLEIREAT T 208, WS — 2 = 46
FRERIAT T 3 — D . R AR, &2
ZNAAFAERE R —HE N DGR

FAAEAESSE (20100 X 2002 4E 10 H 18~20 H
T )2 R R 7K BRI K BLT A MMS A5
MU &5 R, 78 BB B, FRACGR v
ZHBE = R FESE R =2 10, DRORL TS A K6 K
(1) DTk e KIS 35%,  J8 R 3 K 10 Dk A s S 2
12%, A WK YRR BRI AR e . A2



xR ¥ 7%

354 Chinese Journal of Atmospheric Sciences

Vol. 37

VKK EFIBK Z X B K B BTk 73 1R 15%~
27%- 45%~50%F1 23%~38%, FHWIIt “fEfb—1it
257 2 WKL TR UK K TR B J2 R 388 K56 B K ot
BRAH K

AT LA = BUE R e % e T A
BHAE IR, TFRE T Bk R ) 2 B K A2 1)
M (A 9755, 2009; 4fH174%, 2010a, 2010b;
PRUAATSE, 2012). BRI 45 REW, FHETER
R4 AT AT S S A % B AKOR 2 ) B R (A
B
2,14 FHEALAEM

B AR X 2 T PR 5 1) T B
BEE Z A nl o RS I kg, HET
WO PEA I = B R 2R R R
TR RRAE, XS AR T I DA R R LB () AT
T TAHRCT-BL, RIS AR ok 25 (W AU E T Fn A
LAY St T EEAT

S (20090 FIH i RUBE AT 4303 2= B A
(MMS5) W55 T 2007 4 10 /] 26 HAbKZE RS
R, IS ZMIER AR T KUERZR A NOAA
B AL R EAT TR LU, 5 I b T
e I 2 ST A Y I B T K 38 A S VA 0 B ) 55 11
TE RN YERF B A BEEAE T, i BH R R e S 0] 25
(YR 55 T B

FHEAEEAE (2011) A REEEUEELA T 2004
E12 A 17~19 HAEFRE 45X I K25 R
ST T BRI . SRR, R E R
— KM RS, EEIERIR, KOPAKIA . I
i A AE R 2 783l R K Ve N NG AR A
GIRREAIPIAT T ER R

fTIESE (2011 A REEZERL . (MMS)

] Reisner2 5 E£H 5| N T WA =~ AHHAEH R,

SEL T REROE Z ThRE. X 2007 4 12 H 26 HAbi
H DX ) — A 25 RS RR AT T 55 I B (A
WFFE, BT TIHE SO FIYLE. 450K, LL1s
g/s MR FFRUEAE HARIX E X7 5~6 km (1)
Hb S VO L BE 1 S B b B
2.1.5 =5 iR R
PRS2 3 )RR % D)
Ko WHBAWIERE, AR TX = fad R
PIRHUIITGT, #9752 e B0 5 e R A AR T AL
i,
RIS (2009) ¥ =PRI RN B2

BT I = i R S BUER, X 2005 4F
6 H 10 H R AAEKAF 10— G 3 R FEAT T RS
o SRR, BATH=EG T A KSR,
TEREE A K S RO M ER T B . RN
i S T SR 2 e B BUA TR 2 v LA
PESE

EGEBONEEE R (20092) A7 T =Y ARG
CERUR EHION/ O AR/ i WD O | et/ i E TS N
(1) 2 P s B LT S5 A 20 A1 T ML 0 il Rt
1T TR . SRR, ~/KESEEEED
JER WL FL L o S 2 7K L BB T 22 TR PR LA R R
SR R 2 ) FLA 3 A s e BT R (R AN 5 A
SN, RNV AR R N A i BT K
T B4 Ak IS4 7K B 1) 2 P g
B 1ty v AR L A s P TP 2 o 2 T P A 45 44,
JARC P ) K P AT 2 T T 40 TG B A5 AN UK )
Il

JEBUNEE 2 B (2009b) F) FH #2571 = 4 A
P AR, AT 7 db 5t 2001 4 8 H 23 H—
YR R R R R FE K 2 P DN L R A
TR K S (LWC) Z IR R. iRk
W fESRTE SRR R, BT AEAEAE TR
TAHXT LSS S LWC BRI T TR KR, S8
i1 2 TA) AR AN A HE T 1 2 R A AR K S X B
SR Je R AT A B

AR (2011) R ENL A HERE = 4k
VKRE T R, BF ST T A6 — R T Bk
R L R BORL T B BRI . 2
RI, BB TR H0R B 52 I mi oK,
BB SR T 20K B 52 8 iR /s XA
BRSO 7R, R REREA R Al Tk
I, AT R LR LD s MRS IROKES, H
RN/ BAR TR T (R LR 4, T K E AT
kLT HAT M R
22 mREKWNEERRERR

Pas s A I AN R I EP R TSI B = i
I JUAF R A 2 32 g 40 R B 2y 8 SR F 50
JITHAS T S R, R M A (S
B PR IE D HLARER IR 1AL TR R &5 Ty
TS T W .
22.1 HFRIFEMFR

Tk, FRE IR e R A B K 4
PRGBS I A EEERER . 2K



21t PeE R m RIS N TR ST (2008~2012 4F)
No. 2 GUO Xueliang et al. Progress in Cloud Physics, Precipitation, and Weather Modification during 2008-2012 355

FIEAAWKE (3 mm k8 mm). REUE. /3
K ONT 50m) s st 2 BEE 5 S s K
O TRINVEHEE . B TANTE ZER I R f 5k
DR () R S HUR o] LSRN 5545 5 H bR 4RI, 3k
IR PEAE R, B FHEER, nTCUy(EH
R ArmEsh. WL, BESWIT6 L, ik
JUAE 7 B 1] A1 8 AH 5 R B7F St 0 S FH 0 T £ 38 e B
IR JE .

AL kAT (2012) A 2008 4 5~12
FAE 22 8048 7 B AT 1 R U S 205 WL 6 9%
Bl B T = iA (W-band, 95 GHz). =
% (Vaisala Ceilometer) M FAHiz04s KA A%
A (SIRIS-1 24 = Fp 2z ML s (POgm 45 5, 453
R, HIEAT AR TG = s A AR . af
5L ST AEREEL R, ERNLG R S FHIEARS
. 585 (2012) FIA 2008 4 11 H 1 HAL
Kz HEE, JFRT o WA AT R
BRI . 5RO, BT ORESVELETR A Y N g
Eb ARG iff b g v 2 AR LR, T il SRR R I, i
DI F I R 25 AN ] 200

i 4 75 1 1) B KA 2 mT 43 3% = i K e i)
Bl SRAFTRERIIBR AR . Bedln JUAE T [ i 4
AR IR AR DG 707 A TR R e (5=
FH4E, 2009, 2010).

L MAE (20100 ) B Wi i (SO I 241 (1 1%
WEORHE L SIS 1) Z-1 KRR ARG, FIRAR 7020
IF) s A 2K [ g8t 0N 1 8 e 140 R S DA e 1A
THATRHE, R RNRER T 0. &5, X
AR BT SO T S BRI, B
SR S A HE R 723 B A B B /K o R e 57
WL T4 2007 4E 5 H 15 H— IR FERI T K
HAGE, SRRV, HE—WET—h RN
IS RS HE L 5 T T sl O 00 5 e B K
FVE IR GBI 2 73 HE 2 L, $ 0 T B K =
Tl SORG L, S UMb S T B K IR 23 R 20 A
222 MEBIKMAFR

WL 2R & R WL R S v WL
TIEANE b I RS . IRE AN o b
ST FINLER 2 F A U T H E R AL TR G
B

JAIRSE (2008) K —4E R a0 A ok
A, GBI G RNE 7 VESR B LB A R S T o
RRBAK GBI RIERE, 4REW, HT%

JET X R =B R, fE— R LN T R
SORASKM Bl =W KE I 0 S A
il PRI 5 1S ) SR 2, AT A S 3 R i A 38 gk —
H .

JATEAE (20100 80 I W44 75 2% ek R A 8
PRI, TR T WL ZR i S S Wl 4
JE T R 2 K 23 1) o3 Af (RS, A5 31 SOsR 257
8.6%~12.3% 2 [i], J i EIG nT L e th A ] 2= 23
() 45 R R AT o
U1Ky AR R 711 [ R B g S BE M ' AR b [ i
ARG, AT B R 7 AR AR 10 ek
T RS 2RI 32 KL
AEEAL, ATLABE R 0.1 pm BJLANZ KA 2=k T
JOBEE T, AHRAEIR . ARRRKPE 2R T B
R LRI 2 = RN E T B, HA2 W
ZAFMIBR B R . JuMESE (20100 A3 HT 9T T Abat
KR HIX 2004 4 8~9 H HIH] — BT 2 R IPAL
WR TR RS (PMS) (AR, 45 RE 0,
ZIREK =R LLEAE 5~9 um. 200 um Fl 400~
1000 pum )= FIBEACKRL 14 £ o FFEEAL T ki1
DGR W 2 R 2 BT s
FHIFHR P RV 2 /K FIRN 7K by AR
RUKA, A K S EATIAS] 0.26 g/m®, BEEE 2 &
W CAFRL . S5k FIUKE R A AR, AP e
EFEIR . ERIR UK S A A K .

sRAMESE (2011) AL R4 1989~2008 4F
23 BURKZEREK = R CHIERI B, b T =
PR IK LA S OK IR FE I 0 ARfAE o S5 SR R W], (LR T
IK 2 B PARE RN 5 Ak, KA 0.36
g, =K IR KA 12.8~406 L',

B (2011) X 1999 4E 6 4 HAEAE P
R ER S T RPN BRI AL BRI B )
HAT T 508, R CHLELIE LRI R RIS S Ik
ZAYE ELERIN 25 RAT N B 6 AR ki 0 SBDART2.4
(g, REUEE T 7205 GMS5/VISSR. NOAAL15/
AVHRR S IE (1) 5 RE3EAT T Bt CHLER
MR ER == JEZ) 1000 m, 20k 7R B fe KAl
425 ecm>, E/KEEAME 0.2 gm’.

FTRRAIEE A R (2012) AT 2009 SEFFIT
JEIR IR b 50 22 WM 56 7 A0 R 2 T 45 1%
(CCND %udli, sy Hrib o 1R 56 ) K e 1)
Oy Ai s SRUEHSAE B H s CON AL C R, diRE
B, R B A M AT AE 4500 m BRI 33,



xR ¥ 7%

356 Chinese Journal of Atmospheric Sciences

Vol. 37

FHHTTLUAE] 10° em ™. 4500 m DL AR 5
TR, ACh 10'em” ES, EIRFYEE
76 0.16~0.19 pum Z [i]. 4500 m LA NSk
TIEEX () W53, MAE 4500 m L EIEAK
PR3 AT o 52T IR R AR AR 1 22 S (R s e, A
0.3%IF L AIEE T, 4500 m DL R IREAL ) CCN
ELBIANE] 20%, {HAE 4500 m LI A &k 50%.
SIS R, 4500 m DL R KRS w2 452 5
K BV A SRR BRI IR, B 1 =
CCN I F2 I 3K A R RS RS IRORE - W] I 1 82
Ko 1 4500 m LU RS, 1752 30 Jath Bl Xk
M ys Ge it g, SR EERN, 4 CCN
(AL LR R sk e i, IR B CON %Ak
AL,
223 EBIENTASATAR

Bl U IR ED R 80 . s, nribok, 4o
INE ARG BT R BRI R, BAER
DUAE B ) T 5 R R0 e [ R B8 1) 2 ¥ AR
HEFIRIFT o

A5 25225 (2008) , Li et al. (2008) A 1984~
2004 FE PR DR = UEF KR (ISCCP) B =K ik
& (CWP) kL, b7 7 rp [ X 2% 2 7K 5T
IIATRHIE S ARAEFALL R 5 KA AN B 37 (10
Fo ZMIFURY, FEHLX CWP 5040 5 KA
Ui HUTEHRRAE . KA 8 23 A S K VA i 5 D) AR
K, EHLX CWP fE7E B R =TT, 6 4
P35 CWP i, 10 K, A RIHIX 215481k
ZriE. WEEHRE, hERNX CWP LU
HE, FHmE AR NS AR X DL VA 2R
X CWP [ AR . 4 ENE R, 4=
KZE CWP N4k, HEMEFERINE N, XL
AL T B RS AR AL T B R TS B 1R 1 o
ARSI OKFRD a6, hE#X b=
IKGEUEAE R IRAR B (1) 5 R R I G &, £
BRI 0T BOKAE PR G 58 U A

CloudSat J& 2006 A SR 2 — R 222 K¢
BOIAM LR, nTH TR = E SRS, 5
CALIPSO. Aqua il Aura DL}k [E Parasol TP/2—
AL % A-Train B2 B EE, 77 f5 AL R 227N 30 min,
SCIRAE [P 48 2B BRI, Refg e
CAREIENEN. 5 Y SN EE AR 0P PR SR E Ol =P = I
HESE (20100 LRI T 2006 4 7 HE 2007 4F 6
H ) CloudSat 2B-GEOPROF-LIDAR 7~ it % 4 11 [

bre B2 =S et (ISCCP) D2 A FH) & $ds .
45 BFK W], ISCCP 5 CloudSat itz [ /) A JE3AAE
AT R R B AR — 3k, (RUE PR RS
PR m A P . AT R
XM, “F-[A] ISCCP #¢ CloudSat “F-¥.5 = &1
1 8.9%, ¥ /=MI% 15.1%. ISCCP 5 CloudSat 7 &
ZAAY AR B CloudSat 7z 2 (14 ki S 2k E 281k,
7t CloudSat /b2 [X ISCCP &4 i, TMAEE =X
URTEZ (A1

TES4E (2011) FIFH 2006 4E 9 F % 2009 4F 8
H CloudSat/CALIPSO k|, LA T R Z
A S EIEEZR X S P AL 28 XX R ik e it
X (1) 2 B 2 2 2 4 S L= AR AR . 2
AT R AR T B i T EL AT R, A R
2 (W o e de

R4 (2012) FHET CloudSat PAWFFT RN,
OB R HATWR P R S5 R, T H B )
SR A AR B TR b v 2 45 457 MCS
RAFUR b ik 2 116 H o

M KA EME A (2012) FIF CloudSat A2 %%
Bl 0T T 2006~2008 FEH ELIX H PR &
K B ) LR DA R E . S5 SRR, TR
J5UHb T R AR 0 52 R S 3 = B K B oy A A
BRgmy, b E A R R R RS
K HE R R A ACEB R, 5 PR =K &
T R AE AL PN AN ) 1 BB PR X

EWEE (2011 A AN L2 (TRMM)
MIEIE (PR SSARAL (TMD . I #4525 45
HAIFRL, BT 1998 4 5~6 H i [E iR K
TRES (SCSMEX) 1) e ¥ b8 v RUBE 47 2 45 1)
gERy L SRR KRR IR, 380 TR A e R
DR Ko FH AR 75 FLE X I 2 i 4 R AR A A
BLBE, 2550, 2= XU R T R I G b R B A
TERR I RA R e, (HIEERIIAER N 2K
TRR G, ZE RIS AE R A 250 B AN B D) 22
SRANAERE, AT S B0 I XTI 2 IR RE R 0 5
AR, AR IRIE T RPEXR 2, BRI .
7 IR 2R I D) 6o 9L A B 7 2 TR 7K 3 R A 5 A 4
RATHEN 2 50 b TRAG B =0 B RFE S R
FH P [ R 2 KGR G X 1998 4F 5~6 H R 1 5 A1
SEEG 3 5 OUI AR B 1) — K 4 WIS R AT
73 B 10 PR30 45 A R AIE 1R A — B (RIS,
2008) . ZENMEAHT, R SRS R



21t PeE R m RIS N TR ST (2008~2012 4F)
No. 2 GUO Xueliang et al. Progress in Cloud Physics, Precipitation, and Weather Modification during 2008-2012 357

R, LN YR A ZEREK S, 7E 200 hPa
KA 2R MAE 900~950 hPa A2 A 2 4R 4
IR EFH . XS )3 22 AR 5 R
B R IR, BT B iR ) o R
XYY Bl AT B A Ja) 2 A AR K YR T O R
b

5 HIAE (2011) WF57 T NOAA TR i i v
(AMSU-B) 1 3 MKV B 5 0Kk 1 3 s 1A
b, #5727 FIH NOAA T2 AM-SU-B /KRl iE &
B VKK B AR UK K R BE IS, 4331 (1) S
SR SN R AR —3E. o, a4
DN AR X ey S Kok 1~ SR B KON B A e, T I A A
Y59 SN R AEAE R R VKR T SRR, 5 R
WRARA (TMD [ AT K UK 485 AT BT () — 2
P

X TEAEEE (2011) 3EHL 2007 4F 6 H 21 H kY
HOTE 2 WK R, PR 1 AL Rl I i v 2 ) 0
BRI DP BRAAE . TR WA = T i
H—31°C, WFHBEEN9 um, &6 F A
K, AHBRZ 0K AHEEE S —20 °C M=, 5
Moz 50T, PPAETERZ K,

FERREE (2010) FIH NCEP %Rl R it i
F R R I B KT RN SO ) T
e GAr—ild, SIANRNTIE RS s
F WA D1AR S I 2 B R % LU A ME A Hb R ALE W X
M/ BB 77R 7l R TR TR S PN N (R
Bl 2RI ) 2 R IR T B SE AR AE . SRR RS
R B DI R .
2.2.4  GPS KA F B EHOR 52 51T A R

KA B 10 = 4 7% 18] 4 A R AR 5 IE
WETERT 2 B KT LR (0 DGR B 38, H A K=K
VI = AT RS . GPS. TR ST B, %
I LA ORI T I AT — e sk g, el
& GPS\ DB S VTR AL () 56 A o

X LLHESE (2009) XF Lo BT T MR A A i o
PR3 GPS WKV ZE S, £330 b TP 4 o
TS ZEAE N 0.281 cm, GPS SRS 26
0.728 cm, HWIETHBARITIT S GPS IZE{Hh 0.322
cmo AR HIIE 12 1008 B A S I R KR
(A PWV), 081 T bt X KPR AE DA ZE
(1) H AR GEEAE -

R (2012) 0T T HiJE GPS 1B KK
VOB RSB AR R R, g5 %R

W, T2 ER RS KIR B EL GPS KRS
A 0N N P A FE AN [) (R 2 3T 5
TEHPAE (20100 R P94 (10 Hh A 4
UNIINAS S o TR o110 o R P P 81
Fn] B K B AR AE . S5 SR R, 0T 1w R
X, 95%IK 2 /K ER AR HIAE 150 g/m® AR, 95%I1)
AR EALARAE 3 em LR BRI PORHPEAR
a5 M s 3 4 SR LA A

3 ALEWXSHEXMRIAR

H AR TE N T R AR & ATk . iR
Sl BCRVPAR . VRN 7 VR g DL S LB S T T )
W A EZEH . RIEITLEE N TS
HAE AR R A F 7 Tl 7R S v R
AR A N N T R k%, &
AR (BN REE, 2012),

1E o RJEN T MRS (Guo et al., 2006;
2007) LA, rENISE (2009) 7 WRF 1R
FE RSP 5N S = A EAE R R,
LT R MR TGRS, BT AN
BT FEHCT [0 R0 55 ) =18 LT U R B
B A S 0T 2 HR K A RN K IR S

M AN g 1E I (20100 48 A0 2 PE40 fc)
R — 4 SR = A IR, N Agl JE7EL
Ji 56, X 2007 A EHMAKAE T —IRZR 2 BRI 2
HHAT Agl FEHORK: .

PEIEEBANAE 2 (2011) FIADWIZ R, R
JERE MMS Rl—4E ERR A5, W FIREY T 8
REERZRM “ME—tey” mghity LI nAm. %
IKTE A BRI LA S N TN 41k &5 R,
= RMAFAL, HEESEMAR. U
Tt —HEes T R B A K S
L VKRR A IIRE X 5 /K e DA S K T i R K
VORI N 1A AL A1

ST JUAT B A T Jie 77— S0 IR e 7] 5 ops =X
(IRIFTT e WAL B AR T2 SR KRG 2= X (P
A, A BB R 1S R 5 Can
R, WinahEgitz (CCND BRAERERE 2
TREAH 2RI B ARG B FR o BRI, 70 W 71 3R ik
JrTHT, AT )RS R R 2 AN T 2 R i ]
T FRIEA R PE A IPE e S AERE = N T3
PN FH AT ST AL TR 9 2 o — SRR AR
RIGEE BRI FCRAEY, 2011, KIUES



xR ¥ 7%

358 Chinese Journal of Atmospheric Sciences

Vol. 37

W AZ R K S RAT T R

— BB S HE BRI A MY A AE N TSR
R D) S R A 5 i M 22 5 ) AR TR A L AL
BRI PERdEE. DA, Wi
ot S5 BORE T DU bR i 3 e ol s 3K R 2% 3k N
fR¥E 6 . GPS RGN HTTAT LUEAL RHLA AT
WL N 2 FIRDUE T Gl ok, KRPEm T
PRV IR I 25V SRR T 5 H

4 THE5%it

X 2 B AR R B P R R BRUEATE
AR TIRAL . RAE R LFERMEAR L =5
EAE A RN I TR IR, X — 22K
TR 2 O FE I REACA YT T 3k, (H
Xt G S P K B — L8 O B PR R P i
PLELFIA IR T AN, W R FAL I
MLl ST R S B S 3 R A
HARHIAE . H T 2 A AR E A L AN 2 56 B
FU WA I B R (B E T A B 56 A G
o T 3 R 1) 2 25 3 K R T8 L X = (R B
IR B S5 AR AN KA RS BEAT I, 5% 25 HoRE 1 4
A& M AL AN B T RO RE R IL
PIGIESAT . MRESRI R A A SRR,
HBTUSIRA T AN SGRARZS o AT H ARz (KA,
FEARKREIE B b T EACABUIRZS, & BALEE
AEUERA E AR IR ek Z, B
“RETT

DR EAR T LR — @ B B 7R =
FL T AL FAH N R ) B, (BB AP ()
B R TR . WINAISLIG i), A7 /e KR
MBS BUE, AR S EE M IR TCVEAS 2 e AN
Ko, AR m LRI RE ). H B BB 5
TERHB TR R E A M T B /K 1) B AR SRIE, H
B P ARSI R AN, Pz Rheaikdls, R
MHSEESUBUE SuiZ WG INE7/EZ SuR SR i) C NI U Y
WRES), KR BB BUE IR R ], X
SEY B R BATIRE S AL, dRmidt
SEORBED P AR AU, BRI AIEYE, R dem
AU RE T IR TY

AT AT SRS U5 48 e i 4 4k LA A 0 Tl
MBI = SE BB e J), 8 RA A =Y P
Fi o B4 TORHA AL DO RE A BUE A N ] AN 5
KA 5 C R Al BE . R 19 N TR

KA RMB P BRI, A2 AW R At F
KAFGIN, AT LR T2 R TAERR 2 A
etk ST S5 RE T RIRHEIK T =B e A
ANy Ay AN R N TSR A, BT R
AR =B eiE, MR RERR S, 1R
AT XA TN =TT % B
HES PR . BUEBKRE A R I = DU A A T
PURHE S TOHR ) S A, AR = 0R, el
VRIS C7/MDEE e € G ) SR s K AT
i RSN TR, SR A (R R 2 A 9 e 2
I

= BB B} R4 m] LR AR AL 8 48 v dor
KA E N . RIS 2 AR, T LR A
B TR 22, IR REREAT M AT 2 Fhl k) i 2
XL AT FE AR B A s T A R, &
2018 R4 8 M N R mi R R e vk A AR
RAERI (K 2 ANBE AR, (HE BT 58 42 S I W
BN ERG T, BEEFIXA H AR, T S
RIS CHER BRI 70 3 BT o A
AR, RN fg BRI = ) B 2 A BRI AL
MBIIEEA o BB S BAT — R A E
P, N TR R B I AR B e — e, AR 2
X LePRAIIR A A . AT BB AN TR
Wi i R i B AN E R AL, SR TR A ] RE
Jie

AL LA, AT SR 2] T — e B Bt
J&, WKW A TRIEBORM S o IR B
BRI BE T B 5k, IEAEAN R ORI & EJF
O ARG o 855 i« A SO SR AR
PUR S WSRO, Xz IR AT 2 AL (2
e BAT SN ] A S B RBAETSIA
e RN S RUINICTER SO S (B U Geiay L S Wi
Wy 2 A5 RARIR, $mnt 2 G5 B s A R (A
e

KR HEAR LB ) iR IL, HAE
N MR AT AT B B A (. AE KR
e aldarh,  nT UM Y il v G2 i 2= rh v 7K
AT A g UKo AEMRIRAED) TS, al A
I 2 v R R R R R o 38 R SR ) i iR 7 T
B A BN B A RERY I, T R AR
e miisg . ol . JIE T UEAE R
KRR T e d 8 R G, AEANWT 5835 15k
fiti E, i 7 IR R GURE AR R 5 R ST



21t PeE R m RIS N TR ST (2008~2012 4F)
No. 2 GUO Xueliang et al. Progress in Cloud Physics, Precipitation, and Weather Modification during 2008-2012 359

Mk g5 A F AT

NTRWR e RWREAR R Z . fEN T
FR S I0T S S TRH FR— A rJ 2 ( l 3  1e) A
CHHR R R D, B2 Ul X A S Y 9
A BRI ZATRATH R (38520, 2011,
MNTIEIN S, BB EKE R, BR
T T, A [RIAR ME £ 3 58 4 AR [R] (18 P 4>
N—H, ARFHBA EEMARPR . B,
B IR NSRRI, B e ZEx Rk = &
BEATWETTS DN, W w A R A, R AT ]
Ao BT 2 B AT R A AR N S A R, A —
AN AT R RRIE, 5 IO TR, B S
FEDIAT A FR S i 5 DR AT n A, X
TSP RAE (FIAR R PR A

D MACER 2 P 7 2 BOR B
X BTN E k2 ) RN RS A A AT
T HRAS L3 N Sb 25 IR K T )
AR S, e RO E . I A7, RS
Wi 7 1), RERAA 2 o AT SRR AR, 3k e o
PRER. ¥HL ARHAE, XS ) e o o A
BRI AN E A AEAUEA

i, @O AR H I h K =
B /K5 N S AT vt S o 3R
ARz FR S AR H I E AR5 PP T
o BN MR IR AN H IR, TFREAR
RMIBARET, Rl Rl diis . sk BotH
DA R N 5 RIS o AT SERE N = 2 ) B
FEASERBOR, JTRE HRZIE AN TR €
WSS . T2k, BRSO R AN E 0
RAFEH BB Z W HBA L, EIRRA
AR EREE . H TS T = e B A2 Bg N I
SRR, BARAAT RS PR LA, (HAE—
SEIR A IRAFAE R BN A TE N, BRI T
AN E VS RARHA A G I R 2RO R R
PIAR, (BRI I N, WA 3%
RPN E PE AT R AN EL Y o

S22 #k (References)

Bruintjes R T. 1999. A review of cloud seeding experiments to enhance
precipitation and some new prospects [J]. Bull. Amer. Meteor. Soc., 80:
805-820.

WRIIEF, FaFR, HBL, 5. 2012, SETEIESORIDY AR 4 R AR = 2k <
RS — VOB A X8 S TR U5 AN WL B A 7], K<
FF2, 36 (5): 929-944, doi:10.3878/j.issn.1006-9895.2012.11132.  Chen

Mingxuan, Wang Yingchun, Xiao Xian, et al. 2012. A case simulation
analysis on thermodynamical mechanism of supercell storm development
using 3-D cloud model and 4-D variational assimilation on Radar data [J].
Chinese Journal of Atmospheric Sciences (in Chinese), 36 (5): 929-944,
doi:10.3878/.issn.1006-9895.2012.11132.

Cotton W R. 1986. Testing, implementation, and evolution of seeding
concepts—A review [J]. Meteor. Monogr., 21: 63-70.

W, A%, Rosenfeld D, 45. 2008. ZEU&HL DX VAT HLTE 2 Bk 1K) 40
FIVER (0], KRR, 32 (6): 1319-1332, doi:10.3878/j.issn.1006-9895.
2008.06.07. Dai Jin, Yu Xing, Rosenfeld D, et al. 2008. The suppression
of aerosols to the orographic precipitation in the Qinling Mountains [J].
Chinese Journal of Atmospheric Sciences (in Chinese), 32 (6):
1319-1332, doi:10.3878/j.issn.1006-9895.2008.06.07.

HLL, RG], DN, 2012, ZEEGIZIKREEN WRF BB ELL K
(R AR SIS HA T SR EEEST (1], KARRE, 36 (1):
145-169, doi:10.3878/j.issn.1006-9895.2012.01.12.  Dong Hao, Xu
Haiming, Luo Yali. 2012. Effects of cloud condensation nuclei
concentration on precipitation in convection permitting simulations of a
squall line using WRF model: Sensitivity to cloud microphysical schemes
[J]. Chinese Journal of Atmospheric Sciences (in Chinese), 36 (1):
145-169, doi:10.3878/j.issn.1006-9895.2012.01.12.

B, BATR. 2008, U S ZAHEAE - OB ERE (1] HEREREE
J&, 23 (3): 252-261. Duan Jing, Mao Jietai. 2008. Progress in
researches on interaction between aerosol and cloud [J]. Advance in Earth
Sciences (in Chinese), 23 (3): 252-261.

JugE, B R, SR, 4% 2010 Jbnt &AM 2004 4F 8. 9 HJZEH
ZEH A% AT LRI T (7). KREE, 34 (6): 11871200,
doi:10.3878/j.issn.1006-9895.2010.06.12.  Fan Ye, Guo Xueliang,
Zhang Dianguo, et al. 2010. Airborne particle measuring system
measurement on structure and size distribution of stratocumulus during
August to September in 2004 over Beijing and its surrounding areas [J].
Chinese Journal of Atmospheric Sciences (in Chinese), 34 (6):
1187-1200, doi:10.3878/.issn.1006-9895.2010.06.12.

Pitt, BERT, $8% R, 4. 2010, THA—/ SR EOCERIN UK &
B KR [ KSR, 34 (3): 513-519, doi:10.3878/j.issn.
1006-9895.2010.03.05. Fang Bin, Ban Xianxiu, Guo Xueliang, et al.
2010. Area rainfall estimation by using Radar, rain gauge, and particle
laser-based optical measurement instrument [J]. Chinese Journal of
Atmospheric Sciences (in Chinese), 34 (3): 513-519, doi:10.3878/j.issn.
1006-9895.2010.

JIEEN, B8R, EAE. 2009. AL AU RBON 2 R0 B K R e v R
BEIBIST (0] KR, 33 (3): 621-633, doi:10.3878/j.issn.
1006-9895.2009.03.18.  Fang Chungang, Guo Xueliang, Wang Panxing.
2009. The physical and precipitation response to Agl seeding from a
mesoscale WRF-based seeding model [J]. Chinese Journal of
Atmospheric Sciences (in Chinese), 33 (3): 621-633, doi:10.3878/j.issn.
1006-9895.2009.03.18.

i, WAETR, BT, 4% 2011. AMSU-B ik BRSO L 2 KR
S ] SBFE, 69 (5): 900-911. Fang Xiang, Cao Zhigiang,
Wang Xin, et al. 2011. A retrieval of ice contents in convective cloud
using the AMSU-B microwave data [J]. Acta Meteorologica Sinica (in
Chinese), 69 (5): 900-911.



xR ¥ 7%

360 Chinese Journal of Atmospheric Sciences

Vol. 37

B30, A, 2011, EAZATIE & BEAKE I RIBHURT I (1], KRS,
35 (5): 938-944, doi:10.3878/j.issn.1006-9895.2011.05.13.  Fang Wen,
Zheng Guoguang. 2011. The effect of giant cloud condensation nuclei on
warm-cloud precipitation [J]. Chinese Journal of Atmospheric Sciences
(in Chinese), 35 (5): 938-944, do0i:10.3878/.issn.1006-9895.2011.05.13.

Fu D H, Guo X L. 2012. A cloud-resolving simulation study on the merging
processes and effects of topography and environmental winds [J]. J.
Atmos. Sci., 69: 1232-1249. doi:10.1175/JAS-D-11-049.1.

Fu D H, Guo X L, Liu C H. 2011. Effects of cloud microphysics on
monsoon convective system and its formation environments over the
South China Sea: A two-dimensional cloud-resolving modeling study [J].
J. Geophys. Res., 116: D07108, doi:10.1029/2010JD014662.

Fu D H, Guo X L. 2006. A cloud-resolving study on the role of cumulus
merger process in MCS heavy precipitation [J]. Adv. Atmos. Sci., 23,
857-868.

Garstang M, Bruintjes R, Serafin R, et al. 2004. Weather modification:
Finding common ground [J]. Bull. Amer. Meteor. Soc., 86: 647-655.

Guo X L, Zheng G G. 2009. Advances in weather modification from 1997 to
2007 in China [J]. Adv. Atmos. Sci., 26: 240-252. doi:10.1007/s00376-
009-0240-8.

Guo X L, Zheng G G, Jin D Z. 2006. A numerical comparison study of cloud
seeding by silver iodide and liquid carbon dioxide [J]. Atmos. Res., 79:
183-226.

Guo X L, Fu D H, Zheng G G. 2007. Modeling study on optimal convective
cloud seeding in rain augmentation [J]. Asia—Pacific J. Atmos. Sci., 43:
273-284.

i, 2 R, XL, 5. 2009, dbat—IROK S R TR 45 AR IE &%
AT AL I S BB ST (3], RAUREE, 33 (6): 1174-1186,
doi:10.3878/j.issn.1006-9895.2009.06.05. He Hui, Guo Xueliang, Liu
Jianzhong, et al. 2009. Observation and simulation study of the boundary
layer structure and the formation, dispersal mechanism of a heavy fog
event in Beijing area [J]. Chinese Journal of Atmospheric Sciences (in
Chinese), 33 (6): 1174-1186, doi:10.3878/j.issn.1006-9895.2009.06.05.

i, SR, 22598, %, 2011 N LiHBRA S MAMBIELL 4T (7.
KAFFE, 35 (2): 272-286, doi:10.3878/j.issn.1006-9895.2011.02.07. He
Hui, Guo Xueliang, Li Hongyu, et al. 2011. Numerical simulation of the
cold fog dissipation [J]. Chinese Journal of Atmospheric Sciences (in
Chinese), 35 (2): 272-286, doi:10.3878/j.issn.1006-9895.2011.02.07.

TR, MR, Bk 2010, FUHBAL & & 47 2R = oK B RL T
PRIRAMAE (1], KARHE, 34 (1): 23-34, doi:10.3878/j.issn.1006-9895.
2010.01.03. He Yuxiang, Xiao Hui, Li Daren. 2010. Analysis of
hydrometeor distribution characteristics in stratiform clouds using
polarization radar [J]. Chinese Journal of Atmospheric Sciences (in
Chinese), 34 (1): 23-34, doi:10.3878/j.issn.1006-9895.2010.01.03.

FTFHH, BOAAS, MM, S5 2009, X BBOREMMAL T L S 3 0 AT
1IE [3]. KSR, 33 (5): 1027-1037, doi:10.3878/j.issn.1006-9895.
2009.05.13. He Yuxiang, Lii Daren, Xiao Hui, et al. 2009. Attenuation
correction of reflectivity for X-band dual polarization radar [J]. Chinese
Journal of Atmospheric Sciences (in Chinese), 33 (5): 1027-1037,
doi:10.3878/j.issn.1006-9895.2009.05.13.

PUERE, A5 2011, — IR Z IR 5= R EGHE KL S N RS R
KAEREST 7). W%, 30 (5): 1308-1323. Hong Yanchao, Li

Hongyu. 2011. Cloud structure, precipitation mechanism and artificial
enhancement precipitation condition for a frontal stratiform cloud system
[J]. Plateau Meteorology (in Chinese), 30 (5): 1308-1323.

B, EEM, AR, 2009. RN B S HUL T S 6 EEAE R 5T
[0). ARSI, 14 (2): 143-152, doi:10.3878/j.issn.1006-9585.
2009.02.04. Hou Tuanjie, Lei Hengchi, Niu Shengjie. 2009. A compa-
rative study of prelightning thunderstorm electrification with different
noninductive charging mechanisms [J]. Climatic and Environmental
Research (in Chinese), 14 (2): 143-152, doi:10.3878/j.issn.1006-9585.
2009.02.04.

PelAlEs, WIEAEE, B, 2011, AR TR BRI ZR 2 g R A0 B
FEWFST [J]. 5243, 69 (3): 508-520. Hou Tuanjie, Hu Zhaoxia, Lei
Hengchi. 2011. A study of the structure and microphysical processes of a
precipitating stratiform cloud in Jilin [J]. Acta Meteorologica Sinica (in
Chinese), 69 (3): 508-520.

WSS, R, ERUA, 25 2011, — YRR % AR A 4 A B AP A
B[], ARSEREIHIST, 16 (1): 71-84, doi:10.3878/j.issn.1006-9585.
2011.01.07. Hu Zhaoxia, Lei Hengchi, Dong Jianxi, et al. 2011.
Characteristic analysis and numerical simulation of a regional warm fog
event [J]. Climatic and Environmental Research (in Chinese), 16 (1):
71-84, doi:10.3878/j.issn.1006-9585.2011.01.07.

BT, TR TR N, A5 2010. T HBE SRR ST T S 35 22 P X
S ZKEAERA R EIPIEHIT )] KR, 34 (3): 548-558,
doi:10.3878/.issn.1006-9895.2010.03.08. Huang Jianping, He Min, Yan
Hongru, et al. 2010. A study of liquid water path and precipitable water
vapor in Lanzhou area using ground-based microwave radiometer [J].
Chinese Journal of Atmospheric Sciences (in Chinese), 34 (3): 548-558,
doi:10.3878/j.issn.1006-9895.2010.03.08.

HEIC. 2011, FRIE LR AR i e e AR JRE R [0]. 70k 530
EE#F 90, 16 (5): 543-550, doi:10.3878/.issn.1006-9585.2011.05.01.
Huang Meiyuan. 2011. Urgent problems and thinking of development for
precipitation enhancement in China [J]. Climatic and Environmental
Research (in Chinese), 16 (5): 543-550, doi:10.3878/j.issn.1006-9585.
2011.05.01.

HSETT, RARSE, FFS. 2000, R LRI YA (] UG IR
%%, 5 (3): 318-328. Huang Meiyuan, Xu Huaying, Zhou Ling. 2000. 40
Year’s Hail Suppression in China [J]. Climatic and Environmental
Research (in Chinese), 5 (3): 318-328, doi:10.3878/j.issn.1006-9585.
2000.03.12.

WSTT, WAk, BHEHE. 2003 EAMELM AZE . BRI LIRS
WESEHERE [J]. KR, 27 (4): 536-551. Huang Meiyuan, Shen
Zhilai, Hong Yanchao. 2003. Advance of research on cloud and
precipitation and weather modification in the latest half century [J].
Chinese Journal of Atmospheric Sciences (in Chinese), 27 (4): 536-551,
doi:10.3878/j.issn.1006-9895.2003.04.08.

BURAN, TR, 2012, AR RKATTRYIR — IRA IR S LR SR
WRFSE [T KRR, 36 (5): 995-1008, doi:10.3878/.issn.1006-9895.
2012.11200. Jia Xingcan, Guo Xueliang. 2012. Impacts of anthro-
pogenic atmospheric pollutant on formation and development of a winter
heavy fog event [J]. Chinese Journal of Atmospheric Sciences (in
Chinese), 36 (5): 995-1008, doi:10.3878/j.issn.1006-9895.2012.11200.

Jia X C, Guo X L. 2012. Impacts of secondary aerosols on a persistent fog



2 1 PeE R m RIS N TR ST (2008~2012 4F)
No. 2 GUO Xueliang et al. Progress in Cloud Physics, Precipitation, and Weather Modification during 2008-2012 361

event in northern China [J]. Atmospheric and Oceanic Science Letters, 5
(5): 401-407.

A2, SRIE, Xue M, %5, 20102, KU SRUBER N R AR /K 2 9B
T 2 By IR SRR RS I A% FERAIRZE TR (1] KR
2%, 34 (3): 640-652, doi:10.3878/j.issn.1006-9895.2010.03.15. Lan
Weiren, Zhu Jiang, Xue M, et al. 2010a. Storm-scale ensemble Kalman
filter data assimilation experiments using simulated Doppler radar data.
Part I: Perfect model tests [J]. Chinese Journal of Atmospheric Sciences
(in Chinese), 34 (3): 640—652, doi:10.3878/j.issn.1006-9895.2010.03.15.

AR, R, Xue M, %5, 2010b. MR USRSV F R B4R /R 2 08K
Bl 2 W 8 R A PORHAAG RS 1L SRR MR (0] KR
2%, 34 (4): 737-753, doi:10.3878/j.issn.1006-9895.2010.04.07. Lan
Weiren, Zhu Jiang, Xue M, et al. 2010b. Storm-scale ensemble Kalman
filter data assimilation experiments using simulated Doppler radar data.
Part II: Imperfect model tests [J]. Chinese Journal of Atmospheric
Sciences (in Chinese), 34 (4): 737-753, doi:10.3878/j.issn.1006-9895.
2010.04.07.

TlEh, BHAEH, R, . 2008, VTR KRR LR R A
FUHEE [7]. KAFREE, 32 (4): 967-974, doi:10.3878/1.issn.1006-9895.
2008.04.21. Lei Hengchi, Hong Yanchao, Zhao Zhen, et al. 2008.
Advances in cloud and precipitation physics and weather modification in
recent years [J]. Chinese Journal of Atmospheric Sciences (in Chinese),
32(4): 967-974, doi:10.3878/j.issn.1006-9895.2008.04.21.

AR, IR, AHPRAL. 2008, R IR XU R ) AR R S5 R 0
T RVUIIRRHIE ()], SIS IS, 13 (1): 93101, doi:10.
3878/j.issn.1006-9585.2008.01.12.  Li Xiangshu, Guo Xueliang, Fu
Danhong. 2008. Atmospheric structure and characteristics of convection
transport of heat and moisture during monsoon onset over South China
Sea [J]. Climatic and Environmental Research (in Chinese), 13 (1):
93-101, doi:10.3878/j.issn.1006-9585.2008.01.12.

SR, TR, AP, SE 2010, pE i XU T b ROBE IR 25
WAL SRRSO HLELE ST (). KPR, 35 (2): 259-271,
doi:10.3878/j.issn.1006-9895.2011.02.06. Li Xiangshu, Guo Xueliang,
Fu Danhong, et al. 2011. Studies of evolution features and persistent
development mechanism of mesoscale convective clouds over the
northern South China Sea [J]. Chinese Journal of Atmospheric Sciences
(in Chinese), 35 (2): 259-271, doi:10.3878/j.issn.1006-9895.2011.02.06

R, FARIE, Eu 20120 PR AR g8 P R b 2 45 G R AE

[, AR EREIHIF, 17 (5): 617-627, doi:10.3878/1.issn.1006-9585.
2012.11085. Li Jun, Wang Donghai, Wang Bin. 2012. Structure
characteristics of moist neutral stratification in a mesoscale convective
system [J]. Climatic and Environmental Research (in Chinese), 17 (5):
617-627.
MR, FRAA R, SRTL. 2008, v E M X AR rp 2 K SRR S AR IR B
A [0 KR, 32 (5): 1094-1106, doi:10.3878/j.issn.
1006-9895.2008.05.09. 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.

Li XY, Guo X L, Zhu J. 2008. Climatic features of cloud water distribution
and cycle over China [J]. Adv. Atmos. Sci., 25: 437-446.

G OHRAOR, XUSRAR, SE. 2012, FE RAR A KUK ZE ST IE T

EWEIL [J]. KAFRE, 36 (4): 795-810, doi:10.3878/j.issn.1006-9895.
2011.11149. Liang Hong, Zhang Renhe, Liu Jingmiao, et al. 2012.
Systematic errors and their calibrations for radiosonde precipitable water
vapor on the Tibetan Plateau [J]. Chinese Journal of Atmospheric
Sciences (in Chinese), 36 (4): 795-810, doi:10.3878/j.issn.1006-9895.
2011.11149.

List R. 2004. Weather modification—A scenario for the future [J]. Bull.
Amer. Meteor. Soc., 85: 51-63.

Xsede, R4, Wk, 55 2011, I N IR 4R TR S s A1
T RBER, 69 (2): 363-369.  Liu Guihua, Yu Xing, Daijing, et al.
2011. A case study of the conditions for topographic cloud seeding based
on the retrieval of satellite measurements [J]. Acta Meteorologica Sinica
(in Chinese), 69 (2): 363-369.

XL, E3AF, ERTHN. 2009. Hh R S v 15 2 i b 5t
XA PR R0 0 [J]. KR, 33 (2): 388-396, doi:10.
3878/j.issn.1006-9895.2009.02.16.  Liu Hongyan, Wang Yingchun,
Wang Jingli. 2009. Preliminary analysis of the characteristics of
precipitable water vapor measured by the ground-based 12-channel
microwave radiometer in Beijing [J]. Chinese Journal of Atmospheric
Sciences (in Chinese), 33 (2): 388-396, doi:10.3878/j.issn.1006-9895.
2009.02.16.

M, TR 2012, FF A AL HLBE 5 RELE 25 # R4k A1 43
MR 5T (9], KR, 36 (6): 1150-1164, doi:10.3878/j.issn.
1006-9895.2012.11212. Liu Xiang’e, Guo Xueliang. 2012. Analysis
and numerical simulation research on severe surface wind formation
mechanism and structural characteristics of a squall line case [J]. Chinese
Journal of Atmospheric Sciences (in Chinese), 36 (6): 1150-1164,
doi:10.3878/.issn.1006-9895.2012.11212.

Liu X E, Guo X L. 2012. Role of downward momentum transport in the
formation of severe surface winds [J]. Atmospheric and Oceanic Science
Letters, 5 (5): 379-383.

BN, STEE, MGG, A 20120 P E TR RSHERR A 2 2 HE X
FIREIRIN A (0], FH#384R, 57 (7): 580. Lou X F, Shi Y Q, Sun J, et
al. 2012. Cloud-resolving model for weather modification in China [J].
Chin. Sci. Bull., 57 (9): 1055-1061, doi:10.1007/s11434-011-4934-9.

JEHR, #REE R 2012, FREEFERUUE R A RIS CON
HALR AR RHLRD [J]. BRFER, 57 (15): 1334-1344. Lu G X,
Guo X L. 2012. Distribution and origin of aerosol and its transform
relationship with CCN derived from the spring multi-aircraft
measurements of Beijing Cloud Experiment (BCE) [J]. Chin. Sci. Bull.,
57 (19): 2460-2469, doi:10.1007/s11434-012-5136-9.

BRI, ZEHuH, S0, 25 2012, Z=IF il R A B AL A PR AR A
WHoT [3]. KA FEF, 36 (3): 471-486, doi:10.3878/j.issn.1006-9895.
2011.10223. Li Yuhuan, Li Yanwei, Jin Lianji, et al. 2012. Simulation
of physical characteristics evolution in cloud Merger [J]. Chinese Journal
of Atmospheric Sciences (in Chinese), 36 (3): 471-486, doi:10.3878/j.
issn.1006-9895.2011.10223.

MaJ Z, Guo X L, Zhao C S, et al. 2007. Recent progress in cloud physics
research in China [J]. Adv. Atmos. Sci., 24 (6): 1121-1137.

BAE, HEG. 2006 XN THMRHE T RS )] MHA%
2#4, 17 (5): 643-646. Mao Jietai, Zheng Guoguang. 2006. Discu-

ssions on weather modification issues [J]. Journal of Applied Meteoro-



xR ¥ 7%

362 Chinese Journal of Atmospheric Sciences

Vol. 37

logical Science (in Chinese), 17 (5): 643-646.

National Research Council. 2003. Critical Issues in Weather Modification
Research [M]. New York: National Academy Press.

Orville H D. 1996. A review of cloud modeling in weather modification [J].
Bull. Amer. Meteor. Soc., 77: 1535-1555.

@k, WRENE, 2541, 2012, 3 mm 2378 2 Sk RO A S IR
HBEEMBETT [J]. KSFRE, 36 (1): 1-10, doi:10.3878/.issn.1006-9895.
2012.01.01. Peng Liang, Chen Hongbin, Li Bai. 2012. A case study of
deriving vertical air velocity from 3-mm cloud radar [J]. Chinese Journal
of Atmospheric Sciences (in Chinese), 36 (1): 1-10, doi:10.3878/j.issn.
1006-9895.2012.01.01.

Pruppacher H R, Klett J D. 1997. Microphysics of Clouds and Precipitation
[M]. New York: Springer.

FRERK, I, YL, 2010. SRFEK R R YIRS HN 2
Wrorbr [9]. KARFE, 34 (6): 1201-1213, doi:10.3878/j.issn.1006-9895.
2010.06.13. Qi Yanbin, Ran Lingkun, Hong Yanchao. 2010. Diagnosis of
thermodynamic shear advection parameter in heavy rainfall events [J].
Chinese Journal of Atmospheric Sciences (in Chinese), 34 (6): 1201-
1213, doi:10.3878/j.issn.1006-9895.2010.06.13.

Rogers D C, DeMott P J. 1991. Advances in laboratory cloud physics
1987-1990 [J]. Rev. Geophys., 29 (Supplement 1): 80-87.

Silverman B A. 2001. A critical assessment of glaciogenic seeding of
convective clouds for rainfall enhancement [J]. Bull. Amer. Meteor. Soc.,
82:903-921.

FH, s A%E, XITIE 2012. 2008 4F 1 A RT7 — RUKEHR R ERRTX
JEEE R R EFAE [J]. KRN, 36 (3): 507-522, doi:10.3878/j.
issn.1006-9895.2011.11082. Tao Yue, Shi Yueqin, Liu Weiguo. 2012.
Characteristics of stratification structure and cloud physics of the freezing
rain over southern China in January 2008 [J]. Chinese Journal of
Atmospheric Sciences (in Chinese), 36 (3): 507-522, doi:10.3878/j.issn.
1006-9895.2011.11082.

HE4, DWW, KAK. 2011 A CloudSat/CALIPSO ¥EkHMHTIEHIZR R,
DRI 3K S M X 25 (R AR (AR AR (7). KR, 35 (6): 1117~
1131, doi:10.3878/j.issn.1006-9895.2011.06.11. Wang Hui, Luo Yali,
Zhang Renhe. 2011. Analyzing seasonal variation of clouds over the
Asian monsoon regions and the Tibetan Plateau region using
CloudSat/CALIPSO data [J]. Chinese Journal of Atmospheric Sciences
(in Chinese), 35 (6): 1117-1131, doi:10.3878/j.issn.1006-9895.2011.
06.11.

EMRE, EBENI, BeERI 2010, 3£ T CloudSat Al ISCCP B} [ A
J 0 M DX 2 g A A LA AT (). KAURRE, 34 (4): 767-779.
Wang Shuaihui, Han Zhigang, Yao Zhigang. 2010. Comparison of cloud
amounts from ISCCP and Cloudsat over China and its neighborhood [J].
Chinese Journal of Atmospheric Sciences (in Chinese), 34 (4): 767-779,
doi:10.3878/j.issn.1006-9895.2010.04.09.

MM, AL 2010, V5 IO L PG IR B FE R A R B AR (D).

KR, 35 (2): 235-246, doi:10.3878/j.issn.1006-9895.2011.02.04.
Xiao Hui, Yin Yan. 2011. A numerical study of polluted aerosol effects on
precipitation in Shanxi Province [J]. Chinese Journal of Atmospheric
Sciences (in Chinese), 35 (2): 235-246, doi:10.3878/j.issn.1006-9895.
2011.02.04.

IRELDS, SRR, ZFPEME. 2009, S22 HUE N MU Bk 4k T PR

AR A IG5 ISl M T v S 22 S DT VA KR LA AT (0], RAURES,
33 (6): 11371147, doi:10.3878/;.issn.1006-9895.2009.06.02. Xu Zhifang,
Gong Jiandong, Li Zechun. 2009. A study of assimilation of surface
observational data in complex terrain. Part III: Comparison analysis of
two methods on solving the problem of elevation difference between
model surface and observation sites [J]. Chinese Journal of Atmospheric
Sciences (in Chinese), 33 (6): 1137-1147, doi:10.3878/j.issn.1006-9895.
2009.06.02.

WRA, EEA. 2012, hEMXE S 6~8 H /K& HaE B2 A RHIE
[7]. KAFRH#, 36 (1): 89-101, doi:10.3878/j.issn.1006-9895.2012.01.08.
Yang Dasheng, Wang Pucai. 2012. Characteristics of vertical distributions
of cloud water contents over China during summer [J]. Chinese Journal
of Atmospheric Sciences (in Chinese), 36 (1): 89-101, doi:10.3878/j.
issn.1006-9895.2012.01.08.

M, eI, 2010. AgUIEFIN 2R 2 AL RO BAERERL (7] Rk 530
BEHEST, 15 (6): 705-717, doi:10.3878/j.issn.1006-9585.2010.06.01. Yang
Jiefan, Lei Hengchi. 2010. Simulation of Agl seeding on stratiform
cloud with category model [J]. Climatic and Environmental Research (in
Chinese), 15 (6): 705-717, doi:10.3878/j.issn.1006-9585.2010.06.01.

Wi, e, SARATE. 2010, — U2k 2 B FE S BEHL I 1
BRI SY (0. KSR, 34 (2): 275-289, doi:10.3878/j.issn.
1006-9895.2010.02.04. Yang Jiefan, Lei Hengchi, Hu Zhaoxia. 2010.
Simulation of the stratiform cloud precipitation microphysical mecha-
nism with the numerical model [J]. Chinese Journal of Atmospheric
Sciences (in Chinese), 34 (2): 275-289, doi:10.3878/j.issn.1006-9895.
2010.02.04.

WY, HRE, PHERE. 2010 BN 2 2 TSR A R e 7K S i PO AT
FHERE [J]. S HBINIG, 16 (4): 525-542, doi:10.3878/j.issn.
1006-9585.2011.04.13.  Yang Huiling, Xiao Hui, Hong Yanchao. 2011.
Progress in impacts of aerosol on cloud properties and precipitation [J].
Climatic and Environmental Research (in Chinese), 16 (4): 525-542,
doi:10.3878/.issn.1006-9585.2011.04.13.

BRJET. 2006. HHIEAZRFATFLBEN LR T FLHER R [J]. 5
R B 2R, 17 (6): 786-795. Yao Zhanyu. 2006. Review of weather
modification research in Chinese Academy of Meteorological Sciences
[J]. Journal of Applied Meteorological Science (in Chinese), 17 (6):
786-795.

W E, XL, B4, 2011, RO bt HL K AN R 2R 7 2 K 3
FIBAERBRL [J]. B, 30 (5): 1356-1367. Yue Zhiguo, Liu
Xiaodong, Liang Gu. 2011. Numerical simulation of influence of aerosols
on different cloud precipitation types in Beijing area [J]. Plateau
Meteorology (in Chinese), 30 (5): 1356-1367.

HRAMIE, W3R, SRR, 45 2011, 1h44E 1989~2008 41 23 4RI AL
IR 45 5 [J]. A5, 69 (1): 195-207.  Zhang
Dianguo, Guo Xueliang, Gong Dianli, et al. 2011. The observational
results of the clouds microphysical structure based on the data obtained
by 23 sorties between 1989 and 2008 in Shandong Province [J]. Acta
Meteorologica Sinica (in Chinese), 69 (1): 195-207.

FICR, BIET. 2012, MIERALAL A N 2 IS R Ot 2 AU
ME X [ KA FE, 36 (4): 657-672, doi:10.3878/j.issn.
1006-9895.2012.11057. Zhang Wenxing, Lii Daren. 2012. Comparison of
cloud base heights by ground based sky IR brightness temperature



21t PeE R m RIS N TR ST (2008~2012 4F)
No. 2 GUO Xueliang et al. Progress in Cloud Physics, Precipitation, and Weather Modification during 2008-2012 363

measurements with cloud Radar and ceilometer in Shouxian [J]. Chinese
Journal of Atmospheric Sciences (in Chinese), 36 (4): 657-672,
doi:10.3878/j.issn.1006-9895.2012.11057.

A, W%, WP, 2012, AERREMBOS Lo A IR I EUE A
[7. KSR, 36 (4): 697-712, doi:10.3878/j.issn.1006-9895.2012.
11096. Zhao Jing, Hu Wen, Feng Yan, et al. 2012. Numerical simu-
lations of convective cloud merging processes at different development
stages [J]. Chinese Journal of Atmospheric Sciences (in Chinese), 36 (4):
697-712, doi:10.3878/j.issn.1006-9895.2012.11096.

B, TEEIR. 2008, PEAEHIX IR K S BREE AT B e B
R AR ST (3], RARHE, 32 (2): 323-234, doi:10.3878/j.
issn.1006-9895.2008.02.11.  Zhao Zhen, Lei Hengchi. 2008. A
numerical simulation of cloud physical structure and microphysical
processes associated with stratiform precipitation in Northwest China [J].
Chinese Journal of Atmospheric Sciences (in Chinese), 32 (2): 323-234,
doi:10.3878/j.issn.1006-9895.2008.02.11.

BT, AR, B S 2011 — R ER A RIS R &S T
SERRHOST L HT [1]. KB, 69 (3): 521-527. Zhao Zengliang,
Mao Jietai, Wang Lei, et al. 2011. In situ aircraft observations of one typical
stratocumulus cloud process compared with the satellite measurements
[J]. Acta Meteorologica Sinica (in Chinese), 69 (3): 521-527.

HEDG, F627 R 2012, AR ARPERARBUR R RS 0], +
[E TFEAR, 14 (9): 20-27.  Zheng Guoguang, Guo Xueliang. 2012.
Status and development of sciences and technology for weather
modification [J]. Engineering Sciences (in Chinese), 14 (9): 20-27.

FABE, TR, BT, 4% 2008. MBS T SOE Z UK S R B
FEO5vk [0 KRARFE, 32 (5): 1071-1082, doi:10.3878/j.issn.1006-
9895.2008.05.07. Zhou Jun, Lei Hengchi, Wei Chong, et al. 2008.
Retrieval method of path-integrated cloud liquid water content for
airborne upward-looking microwave radiometer using a cloud model [J].
Chinese Journal of Atmospheric Sciences (in Chinese), 32 (5): 1071-
1082, doi:10.3878/j.issn.1006-9895.2008.05.07.

FARHE, GETEM, PREOGE, 5 2010, JEHTIEROB AR T8 SO 20K B
BN gEEE A [J]. KRAFREFE, 34 (5): 1011-1025, doi:10.3878/j.
issn.1006-9895.2010.05.15.  Zhou Jun, Lei Hengchi, Chen Hongbin, et
al. 2010. Retrieval of cloud liquid water content distribution at vertical
section for microwave radiometer using 2D tomography [J]. Chinese
Journal of Atmospheric Sciences (in Chinese), 34 (5): 1011-1025,
doi:10.3878/.issn.1006-9895.2010.05.15.

FAAEAE, BUEE, BRE. 2010 —RJZIRZ RIS BTN
{EWTFE [J]. 5253, 68 (2): 182-194.  Zhou Feifei, Hong Yanchao,
Zhao Zhen. 2010. A numerical study of the moisture budget and the
mechanism for precipitation for a stratiform cloud system [J]. Acta
Meteorologica Sinica (in Chinese), 68 (2): 182—194.

JAEH, #E . 2009a. SRR A P 2 R0 5B G RE N — 4R
EBERIAT ST (9] KR, 33 (3): 600-620, doi:10.3878/j.issn.
1006-9895.2009.03.17.  Zhou Zhimin, Guo Xueliang. 2009a. A
three-dimensional modeling study of multi-layer distribution and
formation processes of electric charges in a severe thunderstorm [J].
Chinese Journal of Atmospheric Sciences (in Chinese), 33 (3): 600-620,
doi:10.3878/j.issn.1006-9895.2009.03.17.

JAER, FHoER. 20090, SEE R S AN RS TR BUK S BR
AE =BR[], SRS RIS, 14 (1): 31-44, doi:10.3878/j.
issn.1006-9585.2009.01.04.  Zhou Zhimin, Guo Xueliang. 2009b. 3D
modeling on relationships among intracloud lightning, updraft and liquid
water content in a severe thunderstorm case [J]. Climatic and Envir-
onmental Research (in Chinese), 14 (1): 31-44, doi:10.3878/j.issn.
1006-9585.2009.01.04.

JAER, SER, B A 2011, BRI IR oL RS A
AT 5 W 1 EE BT ST (7). B ¥R, 69 (5): 830-846.  Zhou
Zhimin, Guo Xueliang, Cui Chongguang, et al. 2011. A simulative study
of the influnce of electric processes on the content and the size
distribution of graupel in a severe thunderstorm [J]. Acta Meteorologica

Sinica (in Chinese), 69 (5): 830-846.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


