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Abstract: Based on the 1951-—2010 daily Compound Index (CI) and atmospheric circulation monitoring in-
dex provided by National Climate Center, the daily precipitation data of the 335 stations in the Southwest
China, the daily NCEP/NCAR reanalysis data and the daily OLR data of NOAA, the distribution of the
drought patterns in the Southwest China was analyzed by using the REOF method, and the characteristics
of atmospheric circulation anomalies such as western Pacific subtropical high (WPSH), Indian-Burma
trough, convection activities, water vapor transportation, and vertical motion of the continued drought
from autumn 2009 to spring 2010 in the Southwest China were revealed according to the composite analysis
and correlation analysis methods. It was found that the extreme drought occurred in the medium strength
and central pattern El Nifio background, instead of statistical typical LLa Nina background. The results in-
dicated that influenced by the central type El Nifio, the anti-Walker circulation caused the significantly ab-
normal sinking movement around 120°E in the equator and a strong abnormal anti-cyclone in the South Chi-
na Sea and the surrounding areas of Southeast Asia. At the same time, the Southwest China was affected
by the abnormal northwest air stream. By both influences, an obvious airflow divergence area occurred in

the lower troposphere and its persistence was the key cause for the extreme drought.
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Fig.1 The yearly variation of average CI

anomalies (a) and precipitation anomaly

percentage (b) in winter and spring

(November—ensuing March) in the Southwest China
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Fig.2 Time series (solid) of the daily
precipitation in the Southwest China
from 2009 to 2010

(Dash line denotes the climatic mean of 1971—2000)
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Fig. 3 The second REOF component spatial

pattern of the CI (a) and its time coefficient (b)
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Table 1 Comparison of the average characteristic index values of WPSH from November to
ensuing February in 2009/2010 with their climatological means over 1971—2000
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Fig. 4 The 500 hPa geopotential height
field and its anomalies for the period
of significant drought in 2009/2010

(unit; dagpm, dashed line for long-term mean,

shaded areas indicate anomalies =1 dagpm)
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Fig. 7 The anomaly field of the average meridional

vertical circulation along the 97.5°—107.5°E (a)
and the average zonal vertical circulation along the
22.5°—32.5°N (b) for the period of
significant drought in 2009/2010
(Shaded areas indicate w<<—1. The vertical wind
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Table 2 Drought years and corresponding ENSO events in winter and spring

(November— ensuing March) in the Southwest China since 1951
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20072008 —0.51 —1.26 2007/09 % 2008/05
2008—2009 —0.41 —0.58
2009—2010 —1.34 1. 54 2009/06 & 2010/04
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Fig. 8 The correlative distribution of
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%114

FIRAF :2009/2010 4 V5 Fe H X Bk A AR 35 28 T 509 LA 43 B 1405

JERE /N . 1T 2009/2010 4E 1) El Nino = 44 15 )
Walker 53 5 B 45 K o DA 52 06 74 g i X 52
SR T . 700 hPa X7 V8 B M X 19 <0 &=
LR T ol R B A0 R VY R R (LS . &
9a Jy 2009/2010 4E 4 K 7 (11 H EIR4E 3 H) 700
hPa JEF- X3 - 309 & A AR K S #e JE A s B -
ZSAEAE — AR OR 0 R RCAE (B A TR
% FL5% ) o B4 A VS RSO0 O R e R A B AR i

45°N

30

15

NN
YO NS

Nl
e
R B S
Lt o——
33}4..—
T o RNy 7 7
R ”G?f}ﬁfiﬁyﬁ\“r”m\
60 75 90 105 120 135 150 165°E

07 11 N

200

300 4
400

\
500 i

|
|

p/hPa

i
2 i
L4

20°S EQ 20°N 40 60

K9 2009/2010 & HFRAL HBRE 3 H)
700 hPa JEF- A (a, Bfi.m « s71)
W 99~108°E 4 [ V¥ H I R I V%
R (b B RR Fitissh .
M H XK 100 £ Bf7: 10 *Pass ',
GRS mes D)
Fig. 9 The 700 hPa anomaly wind field

850
1000 -

(a, unit; m+ s '), the anomaly field of
the average meridional vertical circulation
along the 99°—108°E and vertical velocity
field (b, sinking movements shaded, the

vertical wind speed magnified by 100 times,
unit; 10 *Pa+ s ', the unit of meridional
wind: m « s ') in winter and spring

(November-ensuing March) in 2009/2010

VG B b DX T AE 103°E B I 5% [ L 3R 23 i AL
H R i DXL R A A R . P R XK
Z R B R AL S BAL T AR R X X
FROE A B F 76 5 Hb X B K /9 = 45, an & 9b
2009/2010 4E L& HZEY 99° ~108°E - 14 & 8 ¥F i
BR324 L X (10 ° ~40°ND X 3t
J2 AT o B Y S R UUAUI . R B2 El Nino 4F [
Walker By 3 5 (9 52 i, JEAE5E 23 77 4k S i T T
ia 3y i 2 28 B A A5 e 1) o [ PG R DXL DA 36 B
TP T2 EE.

Ashok Y B BIFSE 6 B L #H KOF- 7 ENSO
A P2  BIVEACHE 2R DR P 7 1 T Y A By op RSP
H43R % (El Nifio Modoki) , Weng 25520 (i 5 5% 2 ]
El Nino Modoki X - ¥ J& 11 <M 5 5 19 5% i AN
il 38 84 (1) El Nino 5 {4 () . Lee %5 45 1
2009/2010 4F J& El Nino Modoki 2 1 , # 74 f 250+
WFFE W] 1994/1995,2002/2003 Fl 2006/2007 4E#R
9 El Nino 38, T F#E 2009/2010 4F 5 Hih
ElNinoModoki 4F- {73 % ¥ Jii 185 B (49 AS [7] 5% Wil . B 10

100 S~

200
0
< 300 -1.0
A,
< -1.5
N9
2.0

500 -

700 -

850 )\
1000 +

60 80 100 120 140 160°E
& 10 2009/2010 A5 1994/1995.,2002/2003
1 2006/2007 & BAFE 11 A BRAE 1 A
Walker ¥ it 22 {H
(R RTUES . 8 XY K
100 f% . Hf7: 107 2Pa« s AR m+ s71)
Fig. 10 The average Walker circulation of the

composite difference between 2009/2010 and
1994/1995,2002/2003 and 2006/2007 in
November— ensuing January
(Shaded areas indicate sinking movements, the
vertical wind speed is magnified by 100 times,

unit: 1072Pa + s~ !; The unit of zonal wind: m + s~ 1)



1406 A

% 9 38 %

o T 2009/2010 5 1994/1995, 2002/2003 4 Fil
2006/2007 4 BLAFE El Nino 2 (11 H &R 4E 1
A V-4 Walker ¥y 285, 7 LA . S IEHE E
25 1R 58 RS EAR X 1 (Bl 9a) , 78 120°E B 3T B8 47
B T Ptz g, B Al RAAR L 2009/2010 4F (1)
El Nino & {4 5 [[ ¢ # ) El Nino = {4 A L. Xf
Walker i (9 52 0 & B0 0 AN [m] B9 4 o BPSE AR 22 |
25 BRAT W T Uis 3l 2EAR )2 T8 0 K 1 S e » X
T oL 25 P B R M 3 VY R M DXL 3 Rl X TR
KA.

5 4%

E @ NI N =N T RO TR ) I AR TR
N At 3z s 55 LA J7 T . X 74 R b IX 2009/2010 4F
RABHFEL T B R AT T R 0 0 iR T
FRT T U BE S 0 P RS T R Y R e A B 32 S A
W .

(1)2009/2010 4 P4 g H X 1951 4F LIk T 5
PR ™ E AR, TR 5 KA 5 AR KW
KF o PG R ey 45 A ThT AR O o 98 2 O 548 » 5 4 A
[l

() PG X AL T OLR B IF BE S X, X 3 0% 3h
S BN 5 2 X T 8 A5 TR SR P R CF
) OLR 5 58 247 A 56, 1 2009/2010 4F OLR S#
FRAE 5 B b ) 2 7 78 R D b X, 3% OLR A{F i =5
i N By =R VA P A B 1 e

(3)2009/2010 4F b 3 T 5 W /K 35 1 &
JEG b VU LXKk B R 7 TR B I8 N K VR ik
A IV 320 DX AL T K YRR G KR TE 2 AR
HVREEEGEREZESY LR XE EAE )
SEEIE . T LS 2 B e

(4)20 42 80 4EfR LUK . La Nina & 7§ 4 # X
K BEFT RS S .1 2009/2010 4F i T 5 i 72
K47t El Nifo Modoki 1§ 5 F. 2009/2010 4F El
Nino {34 K ;& Walker PRy 58 &, 1% 120°E |
2 A SR N Ulis ) AR R B AR — RO
SEHRCRNE - 38 o 28 VB B G s e ep P R X, T
VYRS HL X 37 T8 10 58 pE b g i, B F AR
FRHLDC AT AR 5 AR T 74 e b X R K 8
A

J34b 52009 4F 7Y RE Hb X 5 2R R 2 4 R 45 0 Bk
T A 7K B S AR 2 o T 4% A 2 B 4 A 2 AT I S AR

5555 o T VP4 O 5 o A Y e e DX G R R K
BT TR R AR SN ENSO § 1
2009/2010 4F P4 1 M X BK & A 35 5 T 80 T 0128 1
GEitis Wi oy b - LR i ) BB Gk =5 A B0 A X
PEATIR— 5T

&% ik

(1] St PR XEFER R T RRENE R SR AR
Ki1,2010,41(24) : 7-12.

[2] Palmer W C. Meteorologic drought[{M]. U S Weather Bu-
reau Res, 1965, 45-48.

[3] McKee T B, Doedken N J, Kleist J. The relationship of drought
frequency and duration to time scales[ CJ. Proceedings of the
Eighth Conference on Applied Climatology, American Meteoro-
logical Society, Boston, 1993:179-184.

[4] LuE. Determining the start, duration, and strength of flood
and drought with daily precipitation: Ratinale[J]. Geophys
Res Lett, 2009,36,1.12707,doi:10. 1029/ 2009GL038817.

(5] ko, 4BJEME, 1 RE. 5. GB/T20481-2006, KR T 74
R[S]. drfe NRILFIEE KA. dbat. o B bRk acit
2006, 1-17.

[6] Filippo G, Linda O M, Christine S, et al. A regional model
study of the importance of local versus remote controls of the
1988 drought and the 1993 flood over the central United
States[J]. ] Climate, 1996, 9:1150-1162.

[7] Ricardo G H, Daniel P, Ricardo M T, et al. The outstanding
2004/05 drought in the Iberian Penisula: Associated atmos-
pheric circulation [ J]. J Hydrometeorology, 2007, 3: 483-
498.

[8] Diriba K, Anthony G B. Predictability of June-September rainfall
in Ethiopial J]. Mon Wea Rew, 2007,2;628-650.

L] XU, FRIR =, PRI . KA AR 0 B 0 B it I S 0 5 K
R E Rk R] KRR, 2008,32(2): 231-
241.

[10] B2F-fi, Beum g, Jng Rk, . ALdb a5 50509 5 A AR &
HAEY H IR ] AR, 2006,64(3); 385-391.

(117 AhE2s, FBM. BE%E, % 5 RAFaETRIEHE XN
BRI A LT, mEAS . 2009,28(5):1189-1201.

[12] HAE, #¥0. 1951—2004 3 E LT T F A0 0 5E A 9 52
(1. BH25E k. 2006,51(20) :2429-2439.

[13] EAEE, BREAAH. o EHL77 8 o 4E TR AR AL 5 KT AR BR
WG rIRRLT] KRR, 2006.30(3) :464-474,

[14] AZ%, @4, sk, & ST 5P R M 25K
FEWEML]. K4, 2010,36 (9):47-54,

L1650 Zskde, g W], M%ae, 5. R PG o ot X 7R 30 B = e K
Bt s R AEL) ], R A4, 2010,29(2) £ 523-530.

[16] Zesk#e, R, X148, 2006 4F 5 2 4 i Hb X R b o K F 5
B RAHH SRR, RG24, 2009,67(1) . 122-132.

[17] BRmide, . SEdtiF. 55 2006 48 5% 51| b X s T 5
AARTE R AL BT 5], A%, 2010.36(5) :85-91.



%114

F A 2009/2010 45 75 5 b X K & F 3582 T 509 0K 4347

1407

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

XIWER, o, BIEE. 2006 4811 ¥ R 5 [ 399 34 3l 3 FIK IR
Y w2 )], K%, 2009,35(8) :27-34.

FEARGR. )V Bk 4 7R B B (0 ) A gy A R AE B TR I 3R 9 4 B
[J]. K%, 2009,35(1):108-113

PTEE . PHE. Fhafe, 4§ 2008/2009 4EFK A F2 3 [ 4 H ™
FTEAHI] K%, 2009,35(4) :3-10.

TRH A, WHOE, AR, F. RETIR X 2009 Rk Ty
KRB K KAIGRHAE 43 Hr L)), i s #, 2011, 31(1) . 21-
27.

Rt RE. GRS E AT kM. deat: A%
R4t . 2005,33-44

WER AR & A L% ZFA 2009/2010 AERK A S
WA Rz )] A, 2011.31(1) :28-33.

ZE, SR, MYIE. RS SRR ABEIMI. bt K4
H R . 1997 .59-60.

MR, TG, RS RS R OLR AR AE B Ho Xt
BRI A PR L], & B AL, 1996,15(3):259-
268.

FHFEL, BT, WMZF. Emik & E KU % RRE R
SRS MR T] R Lg% M. 2010, 26(5):626-
632.

Smith T M, Reynolds R W. Extended reconstruction of global

[28]

[29]

[30]

[31]

[32]

[33]

[34]

sea surface temperatures based on COADS data (1854—1997)
[J]. Journal of Climate, 2003,16: 1495-1510.

HEESC, ARRIG. VU R A DX A AU S I A AR AR AE B
HEmAEF]. ¥R, 2010, 65(11): 1325-1335.
JAE . e B 2. LV R G A AR T 2 KR
WMARGEMEWLI]. KG%HM. 2006, 2(1): 48-56.

KRB, 8 PRAE. KRG ENSO 16 55 #4 3h 1 58 3143 7
0. AAREIER, 2007, 17(10): 1401-1409.

Ashok K, Behera S K, Rao S A, et al. El Nino Modoki and
its possible teleconnection[ J]. J Geophys Res-Ocean, 2007,
112(11): C11007, doi: 10. 1029/ 2006JC003798.

Weng H Y, Ashok K, Behera S K, et al. Impacts of recent
El Nino Modoki on dry/ wet conditions in the Pacific rim dur-
ing boreal summer[ J]. Climate Dynamics, 2007, 29; 113-
129, doi: 10. 1007/ s00382-007-0234-0.

Lee, T. ., McPhaden M J. Increasing intensity of El Nifo in
the central-equatorial Pacific[J]. Geophys Res Lett. 2010,
37,1.14603, doi: 10. 1029/ 2010GL044007.

WM, B, PRBROE. AF. R ZE KR G R I s AR Ak BH
X [ M S R i O Y LT ] KRR, 2008,
32 (4): 691-719.



