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A study of temporal and spatial characteristics of dust weather in
northern China

Abstract

It is necessary to examine whether the satellite monitoring results are consistent with
ground-based observations if using satellite data in studying dust weather frequency or dust
aerosol optical thickness. In this paper, the dust weather event frequency (DF) data from the
ground-based observations record and aerosol optical thickness Index (AI) from TOMS for time
period 1979-2002 is compared, and the temporal and spatial characteristics of dust aerosol
optical depth in northern Chinais analyzed based on the long-term Al data series. A preliminary
discussion on the implications of the findings for the formation and evaluation of the loess on the
Loess Plateau is made. Finally, the paper illustrates a newly developed East Asian monsoon
index and the analysis of the possible effect of winter monsoon intensityon springtime dust
weather frequency in northern China. The main conclusions are as follows:

(1)High and low value areas of Al and DF in northern China have a similar spatial
distribution, However, Al valves in Northeast China plain and North China plain are generally
high, especially in wintertime when with the ground observation shows lowest frequency of dust
weather events; Changes of monthly mean AI and DF during a year also has a very high
consistency, with the values for both being the largest in spring. The lowest Al values generally
occur in autumn in North and Northeast China, but they appear in winter in northwestern arid
region.

(2) Overall, the comparison well reflect the spatial and temporal characteristics of dust
aerosol obtained based on the dust weather observation data in northern China, with higher
consistency being seen in northwestern arid and semi-arid regions. It is concluded that TOMS Al
data can well represent the spatial distribution and seasonal evolution of the atmospheric mineral
aerosol deposition flux in northern China, and the further analysis of the data will help in
understanding the formation and evolution of China loess in Quaternary.

(3) The spatial distribution of annual mean Al northern China has the largest values in the
desert regions, such as southern Xinjiang Taklamagan Basin and western Gansu, Qinghai’s

Chaidamu Basin. The larger values are found in western Inner Mongolia, the JunggarBasin,
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northern Loess Plateau as well as in the North China Plain and the Northeast China Plain.

(4) In North China, Al of spring and summer is obviously larger than that in other seasons.
The large Al values in spring register the most extensive coverage, but the Al values in regions
affected by Asian monsoon experience significant decrease during summer season. The lowest
Al values generally occur in autumn in North and Northeast China, but they appear in winter in
northwestern arid region. In terms of temporal change, larger Al values mostly appear in spring
and early summer (March to June), and the smallest values are seen in autumn (September to
November).

(5) Since 16-20 February every year, Al value rapidly increase to reach a peak in 1-5 May
and then decrease until 11-15 October to reach the lowest level. North China has a more similar
seasonal variation with that of the region as a whole. Northeast China has larger Al values in
winter than Northwest China and North China have, and Northwest China shows a peak in late
spring and early summer.

(6) It is interesting to note that the pentad mean AI values in Northwest, North and
Northeast China witness an obvious seasonal transformation in 16-20 April and 1-5 November
each year, with the Al values of Northeast China being larger than those of Northwest and North
China in cold half year, and Al values of Northwest China being larger than those of Northeast
and North China in warm half year.

(7) A new East Asian winter monsoon index is developed based on land-sea thermal
difference between Asia and the Pacific and Indian Oceans. The new index shows that of the
East Asian winter monsoon intensity has similar inter-annual and interdecadal variability as
indicated by the index used in the monitoring operation of the National Climate Center of China,
with both showing that the winter monsoon was strong in 1950s to 1970s, and weak in the late
1980s and early 1990s. A obvious difference between the two indices, however, occurs for the
time period after mid-1990s, with the new index showing a continuous decline of the winter
monsoon intensity.

(8)The newly developed East Asian monsoon index bears a good positive correlation with
the dust weather frequency in springtime in northern China. The relationship is more significant
in the Loess Plateau, Northwest China and the Qinghai-Tibetian Plateau. Therefore, a possible

effect of the winter monsoon intensity on springtime duststorms is expected, with the strong
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(weak) winter monsoon followed by the more (less) frequent dust weathers in springtime in

northern China.
Key word: TOMS; Aerosol; Dust; Aerosol Optical Depth; Comparation; East Asian Winter

Monsoon Index
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L1 RICE IR

WARAERR AR EI T2 T R X R ILE RTINS . RIS oK<
ACFREILEEI ZE 57, RS T b AR AR h . B bR R gk . PR R R ETT
LERA U B3R AR UK R LB /N T 10km (RIS $vbJ2 $a RoR i 42
YW, A R, HAKCPREILELE 1-10km DL RSNG4 2 4R 5 XK
Mot R VPR, AT AR TRM, KUK RELEE /AN T 1km RIS . WAk fad
AR BFFAEBCPBPRES AT DU R S5 R P 2 iR B 45T AR

Al X 7R R IR AR B b e, L b U R B i 3 R
X o B g i DRI HE R JE A g v B 44 Ttk BLPE 19 T2 3, 7 P 2 5 2 5 g AR
P T B b v R B L RO, DA A b T IS B DX B ARG B A i, A
EPEVRRNE b m b X PT R, BEE N BRI LRI AR, 1985).

R 2 5RO T I B L RO, B L B SR A R AR DY A
27 X5 I S0) b U 1 DG G e v R AR ) BHE B U )R, B T B - T
)RG5l A& F - R I KA % PR (MR, 1985; Anetal.,
1987; T R4l X742, 1989; ZiAE%E, 1990,1991; Xiao, et al., 1995; Guo et al., 2000) ,
I AT DU ok o e 2 A -5 R XU R IR A IEE A I B (22 A A%, 1991 Xiao, et al., 1995;
Guo et al., 2000) .

y— 5T, ARHEIAR G G S A AR B, R A T A R A v A )
2 HOR YR TR SRR B R X, VA KRR G = S 0 ARG 55 R ) AR A
R, AL X QARG B s U T ok BRI R (7 5% A, 1987; M IE
2, 20005 JH AITAE, 2002; J5 #1145, 2002; EaUIh4E, 2003; L. /T £, 2003;
ZEARLL, 2004; FR, 20100 o ARAGHX P S SCER B ORE W Bl sk g, AE
PARNZK BT P A A BV A RIS R =, 1982) .« WK, IUACHLIOT 5T
25 B SRR 7 B ORI < R U

KBRS B 22 UK 85 I DK e sk 3R 7R, AE R RS VKO 3L 5T Lk iy, B BkoR
AT AR E, BB A A Ok B i — AN EE . (Allley et al., 1995; Ram et al.,
1999; Zielinski and Mershon, 1997 , Ui B UK 1B B MV 9 oA ol T4 X AR K, TR AR

-



HEAL T 2 SIRFHEN R

B, PRINGEE R, W RAFEAFE IR, B g e e o HEAR 1Y 3
111 T UK YT B P P Bl 1 DT B S, TR RE L A, T3 R, YA RS A
SO M D, R e g i S ) R SN RS, 19915 Ding et al.,
1994) .

R, ©A7 %A% 70 s L Avb AR B R AR BT T KRS, it Db AT
) FR)AH BLAE D 2S5 7 AR Al e (A2, st APk DX ORRURA i 5t [y 58 i ST AR R AU 56
ARG, HANEATHE TR R B AT NG 2. Gl BUACYD A RAMR (123 18] 5y A1
R k2 7 A AR TR T DUV A S B a0 A AT O AR 7 Vb R R A 1) I ) A2 Ak 5 A5
HENPMAZLFAIR? WRAAAEXMER, HILEZA 2?7 45 FIut X5t
IR AEFAEAN B L S R A TR 22 R Bk, Tl AR ST A AR AR R I R A A LA
A EXPRAN N R RF 2 S L 22, O 58 35 He AL -1 Js s ol e B iy it s B AT
AL R B SE LA B .

R, AR EEAL T W ARSI G RN R, LI T2 T/, W
7 RERR . E2, o FME5E T 2w AL KR % ) 780 s 2 DY 20 vl P05 i) i ) 73
WAV L, A8 R AR AT R DA A2 o R, X FREA AR
B AR A 3 I 0 5 HE R R A 2, X KRR & B i b
R Z A B R WO AR D, il 2 FR I A A e RE W 3 Ty A 2 A 9 AR
FFE R BEAN, CATHTTUR T Al DR ) e T e et s L OB K R AR
PRAE TR I S0 AR AR R R B Z 1 18
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1.2.2 72 BABR A TR~ A AR SOR i e db b X YD A R 2
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AR, FE N AhARE R E YDA RIS ARz . BRSO
DAY A B ATV AR U L Bl TR AR SRS, B SR EE b
[ "R S AN KR E PR B S M (ORI 9, [ W AMRIBF S B (0, HAHARN ST

2.1 EAMI TR

U 20 4 EER SRR A B AT X b X B X P BRI . R AE X
355 e FLIR 5T 5200 Kurosaki et al. (2003)F8 H, 1993-1999 4= 8] A< My 24> 5 oy BT 5 1y [l 1 350
EL P} 75 ARV EORT 3% R U B, 2T 2000-2003 4, PR BT R HLUX I B AR YR, Ak
S AR AL DL R IR B 3 AT b AR R R s VDR BRI S R B K TR X IR A R
WAEYD AR AR D)5 [ B P ARV BRI 3 S IR VY . (Kurosaki et al,2003) . M
WA HT A, 2001 F1 2006 EHVE R AL 2002-2005 SRR AT FH R A, H
S ISR O )2 AE 2001-2006 SEA], ARV, rh E DAL X R ILEC FRE
AL X ZIAZ AR ZY (Sun et al,2001) .

Qiu et al. (2001) I 73 Hr 1971-1996 4F [F] VDA AT AL, rp AR T 47 LA RS A
FTH Ry 0 AN b 2R 245 % o0y ; - Shao and Wang(2003) & BILES BUR 5. 9 57 b g i
STV G R A R 2000-2002 4[] (R ¥ R FE MK X s Shao and Dong(2006) BIF 58 A& 3,
1998-2003 4R (A [E AL 7 b R B dm 2 R A T NS TP ob s, FLURA A2 G b X R HOR
b T 2000-2006 4F ) o FE 58 P v AR 8 UA DX Oy g 9 g 1 p 2% DL S R X BT
TEFR B 2 R b, Biyb R BRI AR AL T AN R MU IX 2 (R A AR R A e 5, 1 2
(¥ 10 RAFEHEA R IL I Ry KiGEH.

FHOGUKES . ECFN P SRS S o B e i, b B b 5+ R X AR F T R X b b
PECE AR RUBE b 5 R B/ 2 TR S I B S I R OG, et ROBE B, GRARLE,
B 7K 5 b A 2 2 RN AH DG B A 25 )

XF 1960-1999 4[] v [ b 77 Vb AR B AR 2 i W1, b eb BB 5 1R SBE Vb SR TR b
A BOURERAR TR 3000m LA RIS, I RS T s X (Sun et al,2001),
I 7 8 e ) B P RE T s BV AR R ARG VP AR UTRE I . Zhang et al.
(1996) FIH T F R BRI R T VAR Bkt 48 b BB S ok 2Bk 8 v AR AN
JE# = ANRIX . Zhang et al. (1997)i8FR H, I IV ERY DY) FAER IR IS, £ 30% 7
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UURAEDRILIX, 20%AE X BORE Bhnia, 2 8HE P ORI, M 50% A 2220 (K
B BT L 2 B I ) (X 3

Washington et al. (2003)7 FJ TLAL 4517 K& SR ME SCRPRE, 20 T A BRAIE I K<
ARSI OB D, T RIS $r v DX e T EER XAh, AT T Ri X dsRy
T B pe p YD AR R FEELEIX . Wang et al. 2004)WZEGR, TE LA X
TSRS YL, B EMDR B RV LR S r B AR X, vy BT
VN WAL ipe

2.2 BB B

] Py SCHRA T FR I Vb2 H Al BRKSEBORO BT VAR R AU A R AT T 2
TN AR R R AR R AR RIEF R B, AL X b A R SR
BIZFENARL, FERAEAREE A 4 H FEIESE, 20005 FHITRSE, 2003). HFS
WP ORI REL RS, I MRARER, VAR AR T E R (B
KA, 2003; ZHEFES, 2004). KNERAE (2005) Wh, FEKERFSM D, AR
D, dmerm R i, SRR Y 2R AN, LT, AL TR AR R
[ )5, SRR S S A PG, WL T AR B, (DR
W2 AT ARRE 5, T5% VP R AR, AR KRR 2R 50%. JEH
4 Qb R R A B 2Tt U A 5 UGV R AR RBCERE T, 9
HHRI10 AR5AR CERISTAE, 2003). BFBRWARBKAENRS, BT H—FhERKEE
KA KAL, &5 I RR L R BT Bk D, ATSRRER (b 1 25 iz A 15
AL — HARSRN R T RGE SR S R A BAT K GIR/NFR AR, 2005; BSHTLAE,
2001)

Ik, ZHWFRIRE, TRRAAUELD 5 ATAURMR . S A SO UG 3
FR R S B SR ALY I A B [ Ay i X R A KA ) £ A R (2511
&, 20005 R, 2001: J7F, 20025 5KF AREET, 2003820k, 2003; A,
2010).

TR, JLT7 13T IR T R A, Hh R 48 K5OR8 B ) A,
KPR BRI R AR T AR R (PR IESE, 20000, 2SR 0T 45 R A fe
KRILHAEN, AR, dEkh i AREHIX, FKER AR, HE
BETE, WRZERIMAK, LIERT . KR TR AN RS S, min kbt
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$th 35 PRI P AN B (1 J T 300 P o AARAS L, 2 b 0 3R A R0 D R 0 e AR A B
AR, DA RK BRI BRI P e, N g BRI ER CEFSE, 200D, HRiE2sE
(2002; 2006) AP, 1952-2001 Ffu], AL g iUk XA 3 K&

Ho2, WRZMPTERH, REI MR R AR MR £ 50 247 R
Wk ER R BTESE, 2001,2002; BRFriASE, 2001; Qian et al., 2002; T4#5T5E, 2003;
SRATEE, 200350, — Mk, 20 4l 50-70 SEARVD R BARECK A N, 70 AR B,
80-90 TFARHI Rk, 90 FEARAEW DA FTIRITE, 1998 4 CREjl2 2000 4F) AR SR
#hn, 2003-2005 4 EUREZ, 2006 CE ARG, AHRE S RO I Py s E (BRIE
7, 2002; I HYTAE, 2003; ERIE%C%%E, 20065 Zhang etal 2007; 5— K55, 2009), 7K
FIAE (2003) KIL, 20 t2d 50 AFARLRBE AL 7 ¥R RS T Bekads R BRI A
58 DX (10 B 7K i /D> LB b A TR AR AR DX 3 IR R R IR 5 S g, T XU 1 9k
/N 6 2 B R A R i A b AN B8 1 BRI

3 5 e A G 2= MR A RV 08T, 48tk 200 ARk UK s 40 2 R
FELLAR RGBS, Fa7R TIX— IR R AU AE SR RS 19 AV R RAME
AR LT 20 AL (BT, 20060 HSE b, 0T [ A H X <R BG4
2wy, LRAEMRAE 19 tHafm, mid 20 thal it R, 1982). T 7% (2007)
WA, BB B2 RS A K T SRR 2Ly i S R B 1 [ b b X AR AR R
UGS, 5 A6 T B K 0 S AR IS IR AT g b4 BRI BTS00 BRI (8 55 2 A ]
g IXMIGRFEE (2003) Xf iRl 50 44k 75 b RS ARAY S R 1K) 43 T 45 18— 2L

AT A2 5 TN L P A AR R . AT TR AR Z KIX, 40T
. dE3E. AEFIROCAIE. e E AR X8 T v R BRI 4y, FEERAEAE
A6y Bk AU PEAEZ TAAGHX, Pl (B £ T hIX, Wi kHibg 2 TR
EHX CERXTIEE, 19965 ). HZ R X FEAE PR = RMIX P8 AR 3 & s, /e
SR 2 NS TR (ERTh, 20005 BRIEZAE, 2002), thAh, HUERZEXSA R
AR BHREVER ,  vD A2 1 A U S AT Y R LR X CRSHTESE, 2001), PRI
R IX RV R HER X

FEMLTT s, Wb AR R AR SO AR AR 5 A AR A N T v 2 49 A3 1 )37
Ky oo BREBORRIEE 50T 0BT W, ZEHLERBUE S BOM BT 10 % BRI 30 55 R vk 34,
IRV R FR AL, KA R E /N AR, 7R TR, v gk A
i, KRB EN K (Ding et al., 1994; Zielinski et al., 1997; Ram and Stilz, 1999).

R RS IR AR 3 L ORI S0 B 2 A B VIR R . (E AR



HEAL T 2 SIRFHEN R

BT T, BRI At T A, FECT R AR, AR s A
R IN, DRI, 3 v S ORI N S A X R R IR (B 32K, 1958;
XZRAE, 1985 BRI, 2006). X3 E 5 s RIS Vb A 247 KRB A A A0
RIS iT . BRI BO BTV I 5, R0 rh L7 4 M X ¥4
BV R B R TRERTBE (IKkfE ., 1984, 1999), #+ i Jsl ik + 41 e v L B 4/
SEURE B 5 FECREL 40 (R IR A AR REAE s T RE AN P AL UK A 203 56 Hh R 22 25 TR 9 A
fath, FESRDULLUKIIRN By, 3R N, BRSO, AR, PO
Felgag, VWSRO, A IURTS ST RERY N TV R B R AR AR, ok b
RIS RN EAF AR 5, AR A 4 A N 3 ORI Ak b, 133 e 4 Y
g CIRARUER, 19815 XZ4‘E, 1985).

KRB 677 58 DU 203 - R A 58— e A Ry, 3 b HERR I s s S El 4> 3R UK B
A AT KSR BE R I B2 XU FE el 9 (I 34, 17 v s g e B A R TR kB ) A
Rk FS « B Z= XIN I 4, A b HERRRN e 4 F 5 R RS 2R MU= XA I A R A b ke ()
RAE, 1985 TAPAL. XIZRA, 1989; #ZitAESE, 1990, 1991). [EK CHMITRIL,
MARTATFERG TAFEL T MEFDARAOEAE: RZINR: 1055 0 5 2= R 240
HIAE BRI D AR A R A . H 2R R EU S VD R KA 2 MAEAE FUAH ¢ (Wu and Zhang,
2010).

FR W 2 AR B — M A PP KR BOR R AE . K TRRIREEIRZ AR L. dEA
(N =R NS L R E5 N RN e S NG B o P o W o s B = il 1 o A WS U AL
5T SURZE RIRHOR 2 56 T3 P SO 7R KUK AR PR 43 . 20 2] 80 R4S, H
TN RIS R JE AR TR BRI N, i SR AR 5V T4 HH B 2
(R=ER

7 (2007) Mgk BARAE (2012) S45 T ANFEFEFIN AR A KSR ER 2 3, Faliok
BTG T, RERE R MR RS . MIARHIESE . PR ISR AN ZR 5 2K
TEHFREZE 2R M e, FRICZE (1994) FHIZR 4 1] (110°E 55 160°E)ifF- il Uk 222K € AR E
AT PFREL, AR AR AN [ DX 35 [ A b T 22 [0 P22 (Chen et al., 2000)F1 500hPa
PrFAam eI (ANBUEEE, ) ke CAZERIREU . #HZE (1983) H] 20°~50°N,
110°~160°E i [ P (IR P 10 222K 8 R R 2R FE 4L, Huang (2004) Rl AW
PERIRE A DG 8 AR E ZE RS H, Zhao et al. (2007) ! F VAN T-2E 7 45 155 2 8] IR 672
VLS REAR SR R AL AR W 2 XA, Zhu et al. (2003)F 17 s s b 5 2 K K791 9
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FERAEAOE 2 2= X AR AL 57

EZE HENSTLEDE

3.1 TOMS #¥l
AL R ZORSE T NASA Il H Nimbus7( 1979-1992) F1 s BRI 2% (Earth-Probe)

(1996 4FH111-2005) #4211 TOMS bf BT M 1] (15350 58 A MK Beon s BP9 ) 1) U 1E
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Fig. 3.1 Regionalization of the study area in northern China
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Washington et al. (Washington.etal,2003)F] ] TOMS AT ks 6 4 BRyb 22 s 1 2 18] 73 Al
FUAREREAT T 208, IO o b V2 4 Bk T S A R A OV s, A0 5 3 [ B me o
PP A N LAY U T80 DAl ) R R 408 T RSk A . XA 5R45(2009) 41 H]
TOMS AT Hth o 3 VU AL ER VMBI X YDA SIS AT T 004, Fa i vb A 5 2R A
F RIS TEH, LRy B ) AT F5 5. — L6504 I TOMS AT #okbx)
Al X 48 384T T A 9¢ (Chengceai Li.etal,2003; Jin Xu.etal,2002; David G.Streets.etal,2007;
Zhanqing Li.etal 2007; I-I Lin.etal,2007). LA W57 2 M EAEVL BRI VA BOE 2
J5BE T ATRFAE B L 5 MR M s R L, A R TR 91 g s ekt o3 A 3 I 7
AR TR A FEARF AL A o0 M, JEIARA K FL S B 5 DY 0 s L ORI R IR AR okt
AT SEH1 o

ARICHH] TOMS AL BRI TR AIBE R, 04 T 3B AL SRS ORI 2w
657 SR RE I A o AR ST BT G RANBOR 1 i 1L S s B0 6 3 [ AL T AR P AT v 52
PEA AW, i BT DL SR B3 B A 7 v A R AR b AR R A o TR R
HE SR SRR A5 S

5.2 BRIV

fi FIFIF Nimbus7 (1979-1993 4) K Earth-Probe (1996-2005 4£) T TOMS Al
BH MR A SHE 1.00%1.25 4655 . TOMS Al %RE 1994 4EF1 1995 4E T T
B S EOWIMIE TG, FEVHELAEAN ISP EE T, BRI 2 FEBURL AR 2 4R
B

TOMS X SN (UV) (R0 I BAT i BUskE, DRG Fu v AR IR R R 80
FRC S SR 7 S B 20 2 R D AN RO TS I« AT B st A2 A FH T 90 2 R A R 113X
PRSP RRE, AR TOMS WA S5 (AN 7] 2 ] IR BT EEOG &R, SR SO R SR O
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JERE . Al EESR/R AP AR RO R, (A AE T Tk, A8, KRR ke
T AP HE B 5 < 8 R (Torres, O.etal,2001; Washington.etal,2003). i, MICKvb A2
B S5V S 23 2 (R A R S AR, A4 W] ASRAS 58 43 S O b A O IR B
Vx2S QA T DYIN 1 S

OCAE RS AT HEZORMGIERE I, it 1978-2005 4EZRAE M H « BRIGEF (Y.
SRJE R B ARSP R A B RSP k. . Z2A04E ALl B T2 R FE iR
/N, SR T FR ARS8 T VRN 28 245 B U T AR AT 3 7 ik S 45 I 22 AR/ o AR BE B A
Ly VHEEEANEY (1978-2005 4F) X RIF AR IX ZAEFRIME. H L R AL

FARI R AT, W HFF R 3. 405 H, EF R 6. 7. 8 ., BTN 9.
10, 11 H, &Z4 BAFE 12 MRS 1. 2 Ao e ANy, 1. 3. 50 7. 8, 10, 12 A
Ja—EN 6 K, 2 Hla—Ek 4 R, HR¥N SR, LEIRIG N 72 6. KSCKE S
B AL BRI AR B0, 32222 i 3 T S mT i SO0 RN — 1k, TR
TP T 5 R o RIS PR U 2P R AT S 8T ] Y 5 0

5.3 Al Z[R] 4 AtFE

5.1 451H 1978-2005 AL 7 K H AKX AEFZEAPE ATH. HUE-1F ALk
A, PHIEX K TAEABIX, SBdbIX 5 ARIEX U PARSE . AR AP ALEN 3.7 F05
W AL KX Z AR FE MK 22 5 U, R R, A 5.50 2 5.80 2], FKEFHHAK,
T 2.20-2.90 200 HFEX X2 ZE IR K, RICXHAN, A8 2.50, 1MvGIEX &k 5.01;
A& FACX i, 0572, PEALIKEEAN, b 3.20.
%% 5.1 1978-2005 41 [ A6 5 X e H = AN K IXAEMZE 135 AT{H

i +H 2l 78 %
AX 3.70 5.60 3.94 2.54 3.83
[iiE] 3.97 5.60 5.01 2.90 3.20
ik 3.60 5.73 3.42 2.36 4.32
Ak 3.56 5.66 2.50 2.27 572

5.1 24 1978-2005 S E AL 77 A S FIEF M At . fTLUEH, S{EX AL T
SEZH S ICH R TR . HISEA AR A SR X, AL M AE 8 L by REEX AL T
S, Al —MRAE 5-8 2 ) AbHRAGUERS /RAM . B b R dbis s ABdE P s R 6 R
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HBIK AL HLLURERR, A 47 200 /MU IR AEE (01 53R P AL,
AL T 25 BIRZRLCRI R LI P8 3040 A /I L) AT<2 IRAIAEIK 496 B
RAFIBTR B ZRKELL L AT FWRSL, AT KNS G AT 1 L
X, ALV LB

54N
52
S0
48N
45N f'd
44N
2201
400 o 3
3am
36N .
34N
32H 3
30M i £ S
75E 50E 85E S0E 95E 100E 105E T10E T15E 1208 125€ 130E 135€
e I | | | | | [T [ T
4] 1 Z 3 4 5 7 g 9 10 11 12

5.1 1978-2005 4FH [E AL 7 TOMS AT 4F~F 3 {H 25 1H 2k

TP AL XIS A W AR AR X AR — 3, el DL sl 3 b i
AL VG AR S T AR DX, 1 FR B VD R R R AR AR AR e IR XA, A S5ty
Pl AL SR, FESEIA AR AR A AL VG IR R RIC YD AR, v AR R
2R XA T4, 2001; FaRIh%E, 2003; FEHRSRAE, 2003). AT R PSR AT
R, FIH AR AR IR A A e A5 HEAR R RIE T ER AR,
AR B 1T 10 i R A R IR B S5 sl ik B R o AT i 38 Pl e o o PR IR s e
KIHLIX 2 —, X ATRE RIIIN T AL “PRME . EHEGIT A R N I B HE s mT R
FEIXAN DT 50 4 RN [RRIR B AR 5 2 2 1 B E 2 e (AR 4%, 2005). AL
JE AR, B oty —J7 TR RIC Y GRS DR AR IR B A O, 5y — T Al
S PR TR TR N RIS DG, R BRI V& s 3R R E 1 25

sEAt, HUBRENEAEFE U . BSOS N, PR B AT A
L, T e B L DX R R A AR X G X — A SRR T LA
BB A O R, AR TR A R B, B I T U S e B LA
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NSRBI NERE . PR, B IR KRR R, AL & e
JEORTL M, &S IR KRR/, AT . Sedb P JEURUAR 6T B R AR X v 43 A1
X, WE—ERE LS HIEREG SR BT AR A R T3 b T 2 1 e WL
IR, Tk R RS Ea, £S5 AL FRE b A B AT RS 5 47 i R AE
By R YT, 0 TR T Ak R DT A A o OB AR 1 % ) 22 5 LA 5 B

&l 5.2 o 1978-2005 4 TOMS Al PUZ=V-EE A th il . BAAF K, FRE LT HR=ZFH
B AT s AT, i BB A X S AR AR R X AR — 8, By o)
TP, SERORG NI R 1 X AR 2P 1) AL 4EHRAE 8 DAL, AL 2=tk vb
WGP RN BT N1 P

HZE v &=
& 5.2 1978-2005 4EH [E L7 TOMS AT Z=77 - 24 {H 258 46

HE AL XY R, A0 AR O, X5 RIEAL T 2 H0h X 7R R
R AR AE A 25 e v WA M TR SR DU =52 (R VLA, 20015 558 X4, 20035 7K A4, 2003)
BN BT AL AT IO 5 AR S AR, SIS
P AR AL D622 R DTk Ko BR T BS e B ybss . SEIA R Z AN
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P, R S SRR BRIV RAEICT RS AL (. 1
HAEAE T S AR BT B ARG = (X P] e B 3 R BV R R AR . N i iU I HE
JBCUA S FAIE R A5 B R G . TR ID AN RO 2% JELBE do /I IR DX 3oy 1 7 s i v 3
HENE) R G P S X, (H 2T P04 AL e 2 UL F.

2L, EZ3 P AL 20 i B KA R AEAE SR AU NZR B SR X, R4 )L
ARG E LR kTS, TR N . AR, IXORIE TR KU AT S ) K B d 1
I KSR BT DL AR R AR K AR R R R B AR AU PR G, B e b
TP SRR HR By 35 X RS AL SR OE R A I, HAREAKR,
I EL AP B LB k55 o M SO 45 7 Hh e i b X D A R AR A AR B 7 (6-7
O @ (EXD)5E, 2003; EHEDTTEE, 2003; AT, 20060, (HEA TLEEK
KB AL FREMECRAT W . X AT B TRy b 3 sl S R R 1) Sy ool ity 81 S He b A8 X
VEFA G (CBALEESE, 2009). X6 fa b (A I« 7 20 SR T8 o AR
e R AT LR N, AHAE T VD A AN e s . R LA /ME 0
WAET i NASH . RZIGIEER . P2 o K AR ACER AR /R Z8 1L 25X, 33524
ORI R P AR ORI DX 5

TR e 2 HO X A AF ALEIRARI TR, K X 51 ALAE 3 BUR, HEEW
e (G R, R R AR ARAGAG A AL R L A O S B R K
MR ZHO P A RSB ENT, P AT A — MM, 5 R e 2 S 120 /D Hith X
AU Fr e B V03 ATE LR . NG, HAZ .

AR AL )T 2 ot X Z= 12 AL (B ECRAR,  DABS s hr BTy b i AR 1R oy b Tk
X ALIE R FRAR. A2, AZRERETXIX Z 71 ALE R ZENK T B2 i =
ZRAGACEIC LI e AR A I AR AT 387 18 o v 8 = S Sk e T e HE I8
R, WA RE S S T TP TOMS BRIKS AT % . RAUZ GAeE JE RS v v] Be AL TE ik
A7 AL M ARHE ERAEZEER . FRHTAFRUREFAEERNS, K248
TOrREE, BUSE AR BT A S S HE B B S T LA SR B AL B e, [ 3K
VU A6 THE DORE DA R I = RS /N RO i S A A R, AT (ARG

54 Al ERTHE
5.3a FonrRE LT 1978-2005 45 TOMS Al HFEMEE NSO wiEEAN L7 s
XKF, Al mfH A0 HIAEESEYIE (3-6 ), fmift 4 RS H, AL%HELNL 6;
(9-11 H) £ —Fh AVEEARZET, JJPBMEAE 3 LU, B 10 HEAR, 0 2.5; &
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FRMNKTHEZNEEZT, Hb 1 A2 A AUSE 4 DL, EF RO TR
247, MM 6 A% 8 A ATEMKIK FF, 8 ARKE 3 AN AR ASE ALRIKH 4 A
JV AT () 1R 4 4 A8 s 5 e L AL b TS 20 A R A3 A 9 A8 Ak A AT 1R
TP 2k, MDA R H SR BAE 4 A%, 5 ARZER TR RREZ N
WAV AR R A0, 8 HE 11 H IR KA R AR AR I 1 (%5155, 20005
JA HIT4E, 2001; Sun, J.etal,2001).

TOMS Al

-

I T T

(=]

[=]
-
N
w
B
L]

[+] 5 10 15 20 25 30

40 45 50 55 60 65 70

as
Pentad

K] 5.3 1978-2005 4EHH [E L7 TOMS AL H (a) i (b) Z4F P

K 5.3b 45 i E AL J5 1978-2005 4E TOMS AT i B (EAE P AL Ik, REms S AT
NN TTREAE . T DUE B, AN X AR5 10 R0 2 A 16-20 H P, F
2y ATEREN DRI I, 2055 25 R0 5 A 1-5 Hik Sl s, S TFan DU IO T
B, TR 57 BRI 10 A 11-15 HIA ALK, BEJG I8N XA R R
5 AP REA 2, (AP B EA R RS 4 H, Wik 5 H¥l. 54h, 5FE Al
R TR 3, ARG X IR T DL .

K 5.4 o T EHE T £4r X 1978-2005 4F TOMS AT H AP MEE N AR DL &
e BE, SAuX B A A AR AR, B AL sfE ] HEE, sk
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HAE4 HAS H, 811 A —ERACH G ARACHIXZFREH2 12 AR 1 H 7 AT{ELE
PEALI X AR et W i, 1 A A e lmem A, HkoE 4 H, 12 ASHZEN 3 H
A5 HAT; PUAER R R AR A L W AE, ey HPIE R BLAE 5 5, 4 Ao H
AL tAR s, M HM 5 A2 10 J R AEE AP AL s U B X, ] 7
HA B R R RO R

L1

= a
L I NW China
S| I N China

: _ N NE china

NW China
N China
NE China

o 5 10 15 20 25 30 o 45 50 55 60 65 70

as 4
Pentad

K 5.4 1978-2005 EH [H LT &40 X TOMS AL A (a) FlfE (b) 24 L

R AR (P IX 22 AR P-4 AT R B AT AR S, T HLAR AT 2 it
2 Pl b nT LA SIS0 B0 A AR R ISR AE, 1 anpg b ATMELESS 17 /%R0 3 H
21-25 HUUEIIRGE BT, A 26 %R0 5 H 6-10 HIFLAE 2 56 f%R1 10 H 6-10 HPEL
DA P2 AT W25 AR A X AR IX, DARARABIXAE S 63 BN 11 J] 11-15 H BUS By HRE
TR (B 5.4b) —MHBIILR AL, ERFERIEE 22 /A1 4 H 16-20 HFIZE 61 fikil 11
15 By ZARBR RS AVER AT e, R 3 S 2 bAi4g. 4 H 16-20
HIFH N AERAS, RRiE2 AT IEXSEAE X SRR 11 H 1-5 HIFGR A4
AR, BEARRRIERE =AM AT ER/NIF 58 Ik, AR AR IEX >HEIbX >
PHAEX

FNDXIE AL A AR 22 S S HEAR T P e e B B XU S AR A DA R AR RN
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AT HE OGS L (2 A AT IR« & AR AT R I s FAEdEIX, &3
[ R o PRI e G e e e [ 15 Y PR S G e 0 N 0 TR 2 B I PPN =2 i
RGBSR FEA I, M A HBERR D, AR BT R R e 4 AR HE LA
Wt ks A5 B EAE 10 A BRI deX T AL 520t HRAb X B 2= =
A LRI R MR =K iR, MK o e IR 2 e 0, DA P A SR X AT
N B AN B L 2B 5 L B W =9l 1 7 1) P S 1 R Aot 7 ) € 7B W T W pee g
T LARE o

AT R, AL X A B TR IS E AN R N T AR B, HA
AL AT EILEARIER AR, 1 m] RE2 WA 22 KRR B A R AR i i <
A a2 Ry I R RS, B TR, KBUN 5 A agrnE] 10 Adhdg, 78
HRACERZ S m KA AT, A 5738 AT ERR 2 m TR X T .

i1 FR VR Ab 7 RYE AR, MANBE R W PUAE X BRI AL 70 ik, PRI s B
ARZEHL (35°N 75°E--42°N 92°E) 543 HuX (38°N 92°E--43°N 107°E) HHAT T Hpl /47

5.545 T 1978-2005 415 HLR 7 RIS 47 35 H X TOMS AL H ~F3(E4 N ARG 1E DL o
AT LUE B, I B X RIR $7 32 1 X 34 AT {EINIR &, WHEFITM AVETFGEE 6, 2
4, 5 AR EEEEL 9. FERHERIXBON ], PR MR PSS AT A e T 36 1y
X, HZ&HGFE RIS . N 11 HRIFEE R 3 A4, FThsih X ) AL{E &
TIEHRMIX, (H AUE A S, HPHLGT AT 20 24 ARl . BRIk, A VRAEHhX,
R AR Ay b 2R DX (R R Z R B 7 35 X, RV b A R AR AR AR A
TR B AN

12

TOMS Al

M Tarim Basin

Alxa region

1 2 3 4 5 6 7 8 g 10 11 12

Month

5.5 1978-2005 F15 HLA 7 Hb A1 i) o7 36 Hb X P34 ATl
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55 /M

MHI2EE NASA TOMS HIEBOESJERAREL (AD BEEL X 1978-2005 4F o [ b
TR I S TR T O 2 SR T I S AR R AT T . 4 SRR

(1) IR R I H NV T Sb AR TR DR N 58 013 AL (i fe e,
HERE R 2 b b AP R AR IR AL R m, Hm AR g, BIR%E
LIFIR L VG AL B 55/ s

(2) 7 Al VEE B, ZARARMTE R 2 Ae AR AL ALY Bk,
HPGIEFEBE X A AEREAR S (1 ALZK, 240X KR V38 AT (EIA B ARG, (S sehr
T ARBIVEACT B X A7 ALK BB E AR, TR AT AL IR L B

(3) IWEEEREE 10 fED 2 H 16-20 HIF4R, Jb77-13) ATERERT N, 3058 25 fi i
5 7 1-5 Hak g e, o Han U EREE R B, BL2IS 57 kB 10 A 11-15 Hik e
1%, Bl PR ITAG 2208 5

(4) FAEMEE 22 %R0 4 H 16-20 HAEE 61 fED 11 A 1-5 H, 2k, HJbfi4kdt
XA ¥ AT AR & AR I Y, 4 H 16-20 HFrGREN 2 EAERGS, AT PGIEX>
HAEXSARAEX, 11 5 1-5 HAREEN SRR, ATE R NT Z BRI X >HE 0 X >
PUABIX s

(5)TOMS AT idi 5 ¥ 2B I M L 58 bk S B FRp v 2B s BRI 3 43 A R iE AT 4R
I —80k, PEAL TR R X T BT s, AT HE AT RS R e [ P b b
P DX A ORI R A RO 27 5 BE I 8 3 AT RFAE

FRE FTEFERBEREN D LRSEME

6.1 515

HR 78 AN AE IR 8 [ (e ARl AL 257 AR B, i HAR R I 25 AR R R B 3
AR IHEEIR BN R . B, FREAET T MRS DAl L, A T REE ER H AR
VA S e = 12 i 4 T i we = L o TR 220 B = W 4 = o e 2 L
FRZEAE 5 K RUBE AR 2 AR A BAT B DI IR R (KUZRAE, 1985 T AL X4 2E, 1989;
LSS, 1990, 19915 TAPALAE, 1999; FMRMAAE, 2007). BACIIMBFAR, 50
RWATERA W) T TR T —ANEFPRRANEA, RZIMR: 1= 7R X 2 4]
FEBRRIVS R RS KA O EIESE, 2000, FaXIh%%, 2000; Wu and Zhang, 2010). 13,
5 A7 IRTE P T 2 IV 25 IR 3 5 55 o0 e K A a0 it 305 DU 200 LA . K SCRGEI
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KIHEAL P~ AR Z e (K244, 1990; 220 A4ESE, 19915 Xiao et al., 1995; Zhang et al.,
19970, P, VRN T AR 025 AR G i) o AR 0.2 2= AUFA I 28 96 () I TR AL A, )
AR R AR A EESEE

R A Z KGR AT IR Z PR HORRAE, AT RIRECH IR Z AR . B,
BESNAE (1991 R 7R FH i 1 AN [ DX g T~ 3 A o B e S e &2 U A A - L 26 4%
(1994), Jifig%F (1996). B4, 5K AR (2006) 254 W% &gl ) 25 S, %
FHAR SR Bili— P8 RT3 2 TR FA U 22K e SCATR IR E A7 282 35 R AR P R A i
RAIERGE LR WA NG (FMAREE, 19965 RIS, 1999); AN/D{EHFHAFIX
1ol v 2 I oK 8 AR A ZE R % (Jhun et al.,2004; F-4> Z2%45,2004; Chen et al., 2000;). +
T (2007). ARHag (2008). Wang and Chen (2010). 5K H4R4E (2012) & 45 T AFRIWFITAT
ZRNEAZE FREUR 2 S0, B ILAA0 4T2RR, Hrh QR URZE 8L m R e R4
(ISR BTE =5 O =R ) 6 = O N /DN 1 (= N St G262 VK = o S B VP W o S .
W ZR 478 KRB A UE S s XA R BE Al B 1R, w] AGERR A KRR 2L

HRE AT R KB AN AR B i R 2 AN Ik 2T 72 S LA FH R 8, AR
X 2= R AR GURFAIE T 2R M0 22 R 2 B 2K IR SR AR 20, 19855 BREE S A%, 2006)
AR e — AN T 4 e i Ik B ) 2 e IR AR P A2 U E AR 4, (ELAS 50K, IR R 4i0nT DL
Tt H 0 AR A 2R A2 MR I AU R R R R SR bR, 1 3R F RE0E [ IR AR 42
IR 8 i IR PR3 b T A AR R (SST) 22500 S M T AR I 2 W
ORI AL R bR RS, X EEOh TR T R IR AR bR, AT R
LU T A AR A R, Tl R RS AR SR AT BRI 4
= o

BRRZ DA (1991) SR FH B 4 BAN ] X sl b T P38 i A b & 2 R 9 A8 kR 7k, 0
TR XA AR A2 RIREC JE s 3 3, ARARATT A 2 ST 23 W0 A 28 AR I I A B 221
WEERTPIRDL o A SR R J— AT P RBE AT B BV U X s b #4722
AR AT NFEEL, A5 R AR AR R KR = AT ST i 2%

6.2 JiiEMBEE

R R IR i R R TGt T EU PR AR 2 AR P AR5, 1 G B S RES AL %)
1] DA QIR M2 AR SR AR A ) SR A8, SRR T 3SR Bt o I AN [R] DX e T it 5 1%
T AR BUP HI AR I 5 A 3 O e B D3, AR e T Ao X ) 2 T P52 X000 B
A OB R A A7 MR K741
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AR TATRIREI Z o X LARHIB R EA FIFRRE b AR AR W 4 2= KU i A
oo ASCERUE KMok g5 EAERI— AN EE. 23R8 A (2008) K&, RH
AR HIX25°-35° N, 80°-120° E [X 1k [7]50°-60° N, 80°-120° E [X 34234~ H (12-2 H )500hPa
2 WP BME ZE M, S bR B . IXANEEU I T AR b &2 B0 it 2 )=
i ATV o RO IEAE N, SRR PR AR ML i 2 A AR E B2 TR0 = 2 1)
25 A PIAS SR, LR mTY, AR . SRR R M R 2R T AT R G K
AR, Femrh 7 AR 7 MR OIRGL,  DARR P 225 R, 0 AR L A=
B4yt T IR P S 5 AR A BB S e ) (A&, 2013).

187 FIHad CRUT4. 24> 3K [l b R 22 [T 2 BF P A B R), 237822 045.0%5.0 (Morice et
al., 2012). ZRIEAZE RIREP 1 Bk b B 50 b U I == 540t SRATIX 6 3RE, 4t
THA BT 197 1-20 104 43 V. 4 2= AR 450 5 1] 3 Bt [ TP e DX DP9 R 3 3 T ol
PRI R R B A AW FAE 12 HBIARGE3 H, HERIBARR T12-3 H4h, B4 EFE1LH.
SrHT Al W], SR HE R I BB OG0 T RCR S I, X RT R 55 W 0T 2R S A 2= KU T
IR RUNA G ARSI H L, —J7 T s 2 IR S R AR A M X AR K
7 £, 2% 18 187 PRI R BOE AR SRy A RGN 28 I 20 28 - R 5 v 19 7 Y T AN

6.3 RIELZEXIEE

Bl6.145 T ARHEIE (2008) AR A-Z= KR H 5 UE [ HHE YN P R RS o 3 T i 2
PP ARG R B A e W LUE B, AR S0l b X et i1~ 34) 0 5 28 R HUR AT KT
FAHE AT, HhPEARIE . P W R X . e AR E L e R RS
XA SC R B R, R AR 2 KGR i, 11-3 7 0 R XCSP 34 M T AL s R
R R L i v DX 7 D 3 2 D 3 R 3008 2 ), LR SR G 3 4R T8 B 15°N 2 ]
ORSPE 2R 0 v 2 B X M AE AR IEAR DG IR, (HARSGHEA mr o (EAHR I, MR EUE
AR, HAT BRI 0 DG T0.05 W PER K, vl eI AR YL
BRI A AR G, BRIARHIE (2008) RIWAZTKIRHUNE &% 2T (12-21)
KA AR A K
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—0.5 —-0.4 —-0.3 -—-0.2 -—0.1 o O.1 0.2 0.3 0.4 0.5 0.6

BI6.1 AIE AT URE CRHEE, 2008) SR (HAETI2 ARIAEL ) Wil A
S R T B T AR R 3 A

DRI, 2 Tl b 0 8 4 DX sl T A—CHRonS 142 i S BT e HR S, i i
BB DX IR T A R LRI AR I AR S it X, 1T e o B P P 3 R $1130°S 2
[, DL RSP 8 3 205 108 31 1 5ON - T R R i DX 3o 3K — I 5 n] L AAER L A1 8 DA
T M TRURURH AR )2, 5k sl AR i X k4 e s, HE AR MR g 0 A7 O I R AR B
P H DR N AL BR A (] M R A (ITCZ) FrAERL s, 100G AP it 45 3 i e /K
TR LR, XX IR E A ), AT, AR SR AL AR ) X, YR
Pl b T 0 K PRI 2 v e 2R G0 T 8 b 5 1) 4 2 XA T P

ARSI E70-130°E,  25-60°N, i 2 X I8 RT120-180°E, 0-15°NAI30-80°E,
0-30°SHE A 75 BT IR A28 IR B SRR X dal e 23 ol v S Bt b R 24 DX P 4 11
1951-2010% 32 AP0 B BE P, 49 21 X R O B X PS40 R B ~F I [0] 41 TH R0
55 Bl 2 AP S8R B BT R A I ZE M8, T BEAThREAAL B, 159 3 A< A 2= X5 P R 00 (1]
FF51,

T KT S AR AR B AR, BATPHAN T &= WIRH0 S A Halg (2008) 4
7= WIGHAEAR E I H11971-20104F A 2= KR EP A1 A 5GP o 181245 H11971-20104F YA~ 2=
IR SR FIAROC R H . ok B, 8 2 T BATIR AP I IEAR G, Hh1971-2010
ARSI AN 2= IR HUT 51 2 I AR DG REUA 210,400 1, S@I0.01 1) B MR EG . BHIG, A
SCR R IR HE TN Bt FH RSP+ B Y 0 S il R LU IR T AR M 46 28 LR 0T LU e Hh
fIE 2R MY 2 78 URFALE R
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East Asia Winter Monsoon Index

K16.2 1971- 20105 I AR 42 SR B0 P 41 2 8] 1 9% &

6.3 5715 A 197 1-20 1048 (2% KSR H0C Bl SRS X AR G R B i) o0 A e T, K
> XA AN G R BOE 205 AL, B/ IRE A4, L 17 0.01 EfF R g, A
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