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Abstract: The variation characteristics of precipitation in the dry season (from November to the following
April) in the Southwest of China are investigated by using the observation data from 1961 to 2011. The re-
sults indicated that the precipitation during the dry season changed remarkably around 2000. The spatial
distribution characteristics of the precipitation before 2000 was distinctively different from the characteris-
tics after 2000. The rain was much less than normal and drought got worsened in the 21st century. Precip-
itation in Yunnan and its surrounding areas reduced significantly. The negative correlation between the
rain of the dry season in Southwest and the western Pacific subtropical high (WPSH) strengthened rapidly
in late 1990s. Meanwhile the feature of WPSH has shown markedly decadal enhancement since the 21st

century. Its area has been growing, with intensity enhancing and position being farther western than
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normal. Enhancement of the relation between the rainfall during the dry season and WPSH and the decadal

enhancement of WPSH, both contribute remarkably to the decline of the dry-season rainfall, and probably

result in the frequent drought in the Southwest of China.
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Fig. 1 The scatter diagram of 401 stations of correlation coefficients (a)

and 148 stations in Southwest (b)
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Fig. 2 Annual variation of precipitation departure
percentage in Southwest during the
dry season from 1961—2011

(Solid line represents the 6-order polynomial fitting value)
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Fig. 3

The scatter diagram of precipitation departure percentage of the dry season in Southwest (unit: %)

(a) the 1971—2000 average, (b) the 2001 —2011 average,

(o) the difference value between the 2001 —2011 average and the 1971 —2000 average
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Fig. 4 The 21 years running correlation coefficients between the 500 hPa geopotential

height averaged at (10°—20°N) and the precipitation of the dry season in Southwest (a)
and the 500 hPa geopotential height averaged at (10°—20°N) (b)

(The number in the abscissa in Fig. a means the central year of the 21 years running

period and the shaded areas mean the values —=0. 4, having passed the 0. 05 significance level;

the red curve in Fig. b is the 5880 contour and shaded area represents positive anomaly area)
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Fig. 6 The 500 hPa geopotential height
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and the 1971—2000 average
(Shaded areas have passed the 0. 05 significance level;
+2.68,42.41 and +2. 01 respond to the 0. 01,

0.02, 0.05 significance test levels, respectively)

ARIIA  FZAL T AR P A R 0 R P R
— 2 DY DX P R 9 IX 11 500 hPa & 2 )
FE 20012011 4FA7 12 35 3 5 (9 8 3 i ] 21 fih2g
AR 2 Bl g 0 A A P g 5 v A 2 Y . A5 R
AT B 73 A 4 28 T LA PG 1 T 2R R K 5 I g O &R
F10 8 5 AR I o A B 16 A AR B 1 5 ) Y g T R
IR 5 Uk /D T R 2 A R R O Y R SR e Y T
AEJ A

5 FHEZLER

TEARRAR R R T U T30 A BRAE 4
HO R 21 H 23 97 1 fh 52 B 5 0 /D iy i 4, X
2 3 JR P T M DX 21 20 DAOR 55 2 1 B g5 R0
M RTREJIN . 45 G B AR 8 3500 A 0 25 [ 23 A R AR 7
20 28 60 AF AR PH BT T F= R KA D . 70—90 4FAX
DU 22 0 3 21 ik 28 DIk WY 2 i /b, 2000 4R i 5 &
P T AR RUBE ) e 4 » 21 T 20 R St 3 i 1 X
Il T AR 2 R S L X

VU R 2 R K R KR g 1 56 AR E 20 4D 90
AR YIS A L 5 K 5 R A DX JEE i 1 B
HH SR 3o 2 2 PEAGL G L O L 21 {20 DU A7 ek
— ek . mE R A SR 21 el DOR R B I
1 AR A B 30 58, 24 R g T B K i R e L Y e A
AL VY 1 A0 DY R R K R i B g L R
0 A AT RE A

SR PG R R R TR R B A e O R AT
Z—. BAHMPFTERI NN ERS) Ty it kit
Hh i 26 R R 3 Bl 4 R ok B R L A
e AE T B 2R G0 1 SRR B M DX A I 4 A A
L AT BB SR B o % e — B ) ok B L 4% A I i
B PR R/N AT BEAS [A] L DR AT 5 L rp AR 4 B
RGN AR R 3 J1 5380V A W B L
n ey 5 | R e A AR A B 1 55 L e 3PS R S
il e E AT — B TRABETE

2% 3k

IR HE AR T L A SR AR L 4L 2007, 1] ¥ H IX B 2 B G 5 U IR S Rk
Br. A% .33(5) :89-93.

R4 8 3 S0 AtV L 45 2010. 2006 45 8% 521 ¥ 4t X 755 T T 5208
B BALHI BT 5T, 4R . 36(5) :85-91.

B 2, LS AN, 2525, 4F. 2013, 2009/2010 4R 3 [ 76 7 Bk & 7R 3%
FRRAE B H AR TR AT UK R £ . 35(4) 10221035,

2, TR kR BE L 4EL 2014, 38 60 4R b [ P RE 4 X TR R LA



%11 3] ¥

A 21 T LR 7Y M X 2 [ K -5 T DR P R o TR AR AU PR A2 fE A 56 & 1341

5 A, 69(5) :632-639.

B WA ML 4%, 2011, 3T 50 4E 1Y R H XM T R SR L
FRAE. Hb I3 L 66(9) 1 1179-1190.

W12, £ 30 T, AL 2015, 20092013 4R A [E] 75 1 L X 3% 2
FRA B . A%, 40(10):1216-1229.

WA XK AR AL 2012, 2009 4EFK FE 2010 4F % 3R [ VG g Hb X
JUE T R R A ST, KA 36(3) :443-457.

LT, AR BRI . 2010, PG 3 Hh X 4% F2 M 5 00 I 25 AR AR AE B 3L
R R 24T . 65(11) 1 1325-1335.

FURE T ARV XB . 2012, V4 B9 b X 4% 22 B2 97 A e L 5 0k v
HMER. TRIXHPHE.35(6).875-882.

ARG 50, 7 AT R HAEY L4 2015, AR IR T A P IR E B O R R
T 234 R AL, S5 41(3) :261-271,

ek e T L SRR AR 2016, BV R P R X 7 R L X AR
I 2R K 1 5 e B AT RE AL K AURE£,40(2) 1437-450.

2R KA AR RS L 4. 2010, 3R [ PG R X 2R T 0 2 [ oK B
ZSRAE. R4 .29(2) :523-530.

BHGE AR R IO 4. 2014, 19602010 4F Hp [E] 74 g b X X 45k
PR T RFARE . K%M 72(2) :266-276.

XU BRI P FE S 58, 2006, 4R B IV Ml X 5 28 RS % 25/ 2005 4R
WIE T S0, <4 .32(6) :91-96.

Za A RIK B AR 2007, 2006 4F 1] iy X i T 5 HE AR K
B E B, S S A WIS, 12(3) :464-474.

B UL SRS, 2012 P R KR ME T R AR 1T R R E MR K
R S5 5. HERY) B2 . 55(5) :1462-1471.

A8 B R XA, 5. 2014 A3t IR A0 A 5 1 W 0 45 000 #F 5
b JE K H N 2558 A% . 40(7) :860-874.

KRR BIRGE W2 HE L 4. 2005, T 5. L 5T <4 AL

ER, ke, &K 5. 2014, BT SPEL (1) 74 7 3 X i 53a T A48
FHEZR BT, A SRR # 4R . 29(6) :1003-1016.

T HT, E L MR A5, 2012, FE T M X I 0 1 4 B0 V4 g X 2
T R A A A RRAE . ARl TRR 25 28(19) 1 85-92.

FEMN,BOEE D HYE. 2010, 2009/2010 4E 4 FE 4 [H T 54RO K H
w5 . TR A 4.28(1):107-112.

TRV RAEA M, & 2014, 3 T bR UE AL I K 15 B 1960—
2011 AF o [ A [ i J) RUBE T 5 RpAE. b [ U5, 34 (3) 1 827-
834.

et M L F£E. 2012, 2009/2010 4F- P4 7 it X Bk 4 F54L F F

LR 38T A4 38(11) £ 1399-1407.

M A4 1 S0, BUEEL 2016, g H R KK TR 21 i 42 90 A o A8 el
D ISR b, SRR .42(3) :261-270.

A W1 B R AR L A5 L 45 2005, 2003 E R HFEE R IR T 1912
Wk g, K4 ,31(7) . 32-37.

FEETE . SR T YL, 2 8240, 4E. 2013, F SPEI 09 F [ 76 9 b X
19612012 45T B AZ (R RFAE 43 #r. A 78 AL F 58 3 &, 9.(3)
192-198.

IR AR, 1991, P4 g M. b at G AL

ZLTW]L RN AR Y L F A BE. 2012, 2009 4E m AR AR T ER
SRR 3T B RS B A AR 35(2) 1 229-239.

LWL B R EERL. 2007, 2005 AR ZE 2 mE R E TS 00 R 4
PR G240, 23(3) :300-306.

TR 8 W A5 AR L 45 2016, 7Y I M X Rk 7R T 5 AR AR PR AL AT I
HoRT AR R 43 B KRR, 40(2) :311-323.

AR . 1999, [ B FR B R B 8. b et A AL

JAFEAE M T A, 2015, T [ 74 R A 20 4t DX BBk 2 4 K K 2 £k B A B
HRPRARAE S M. KR, 39(4) :653-666.

ARFBAE 5 . 2007, 2006 4 B 2 )1 g IR T 5 20 . A AL AL BIF ST
HEJE . 3(3):149-153.

Kalnay E. Kanamitsu M, Kistler R, et al. 1996. The NCEP/NCAR
40-year reanalysis project. Bull Ame Meteor Soc,77:437-472.

Kistler R, Kalnay E, Collins W, et al. 2001. The NCEP-NCAR 50-
year reanalysis: Monthly means CD-ROM and documentation.
Bull Ame Meteor Soc.82:247-268.

Qian W H,Shan X,Zhu Y. 2011. Ranking regional drought events in
China for 1960—2009. Adv Atmos Sci,28(2) :310-321.

Ren F M,Cui D L.,Gong Z Q,et al. 2012. An objective identification
technique for regional extreme events. J Climate, 25(20):7015-
7027.

Ting M F,Wang H. 1997. Summer time U. S. precipitation variability
and its relation to Pacific sea surface temperature. J Climate, 10
1853-1873.

Vicente-Serrano S M, Begueria S, Lopez-Moreno J 1. 2010. A multi-
scalar drought index sensitive to global warming: the standard-
ized precipitation evapotranspiration index. J Climate, 23 (7):

1696-1718.



