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Abstract Based on station precipitation data from China National Meteorological Center (NMC) and monthly mean reanalysis
data from the National Centers for Environmental Prediction/National Center for Atmospheric Research (NCEP/NCAR), the
spatial-temporal variations of spring precipitation over Southwest China and characteristic circulations associated with precipita-
tion anomalies during 1951 — 2013 have been investigated. Results show that the most significant mode of spring precipitation is
consistent over Southwest China with periodic cycles of 2. 5— 3.5 a and quasi-5 a. Atmospheric water vapor is transported from
oceans to inland areas of Southwest China by anomalous cyclonic circulation wave trains in the middle and lower troposphere of
the subtropical region. The warm moist airmass intersect with cold airmass from the north in Southwest China. Meanwhile,
the pumping effect caused by low level convergence and upper level divergence results in strong ascending motion in the complex
terrain area. The above circulation features are favorable for rainfall over Southwest China, and vice versa. Circulation anoma-
lyies in Southwest China are partly attributed to potential vorticity energy perturbations caused by anomalous convergence and
divergence in Southwest China and the tropics, and partly attributed to dissipation and convergence of wave turbulence from the
middle and high latitude to downstream region in Eurasia. In addition, surface heating in January on the Tibetan Plateau would
be an early signal for the prediction of spring precipitation anomaly over Southwest China.
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Fig.1 (a) Precipitation climatology in Southwest China during March, April and May (unit:mm,contour interval;50) ,

and (b) distribution of correlation coefficient between regional average precipitation and precipitation at each

individual station. Different sizes of dots indicate different significance levels using a ¢ — test
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Table 1 Statistical results of the first five EOF modes of spring precipitation over Southwest China
r5 Ai VSN D) Bt r Zmmk ) A= Aie1 e;

1 1058. 08 20.6 20.6 512.49 205. 54
2 545. 59 10. 6 31.2 106. 00 105. 98
3 439. 59 8.6 39.8 102. 43 85. 39
4 337.16 6.6 46. 4 70. 57 65. 50
5 266. 59 5.2 51.6 62.59 51.79
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Fig.2 The first EOF mode (a) and corresponding time coefficients (b, Grey bars are for positive phase,

white bars are for negative phase, the black solid line indicates the linear trend, the dotted line

shows 11-year running mean) of spring precipitation over Southwest China
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Fig.3 Morlet wavelet analysis and power spectrum analysis of the time coefficients corresponding to the first EOF

mode of spring precipitation over Southwest China (shaded areas are for values at and above

the 0. 1 significance level and the thick solid line is for variance)
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Fig. 4 Composite differences in vapor flux (vectors) as well as the divergence of the flux (shaded) at 700 hPa

(a, divergence of the flux multiplied by 10%) and vertically integrated water vapor flux from the surface up to 300 hPa (b).

The thick vectors and dotted areas are respectively for the water vapor flux as well as it’s divergence significant

at and above the 0. 05 significance level using a t-test
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significant at and above the 0. 05 significance level using a z-test



518

4.3 REEEWNR

Ry 4 BT VU T L DX AR S R K ORIV ik Y
FLIR R A L 25 T VG R M X AR BT A X e (25°—
30°N,100°—110"E) % I H ) 11 P AR AE . AN 25°—
30°N -y (1 i ] 24 3 A5 B 25 (B 6a) T WL, 7E
110°E B3I 19 75 25 (400 hPa) KA W 17 75 5 % B 3
Uit Pl VY B AR AR b s IR R T 7 BRI
5 R N N = N 1= o T N VTR W8 A O /N
i AR I B b TR 46 T 45 45 74 R DXV A R A
iy XA B B b R A R PO
T 102°E 28X i)z )2 500 hPa Bff i . o0 fH 35
F|-2.5X107% Pa/s, I4h.100°—110°E K4

100
L(a)

Height (hPa)

gy

K2 2016,74(4)

Acta Meteorologica Sinica

) PRI 22 1 (P 6b) S/ VY g i IX A7 A W 4
JE R H R B FHE 3 S8 S gl L TR R
2 )2 (500—400 hPa) ., H — & 1] | & ff & 5 2
100 hPa, P4 §g Hb X 5 Al i o 20 00 S5 A9 Al P 2 3 <
Ti. 5V RN A L AT AT, 78 75 5 X R 2
KK 2 0 4F 1 T o JE ROV gk i Bas
A IR AFAE S 52 SR MR U5 F R F 7 5 o
2P B 1 K PR % DA B b v s AR Bh i 3k ) R
M), V5 g L X 2 3 S 6 30 )2 A2 DR AR B AE AR 1Y b T
CUAT E 0 B B Y B A S A AR A R T
Hi B K B TE K

-2.5 -2.0 -1.5 -1.0 =0.5 O

6 ob[E TR A X R R AR R S 257

30°N - 2411 £ ) B 3 (a) K 100°

0.5 1.0 1.5 2.0 2.5

110°E -2 i 28 1l 3R (b) 3 B

I THT 009 25 {B i 4 9 52 2B IR0, DT R o, AR L BK 100 4%, #4102 Pa/s LL A AN o ilit 95% B35
PE ¢ KB ) DX L B 0 1 R RN ML L 46 5 HE S P R B XD

Fig.6 Composite differences in zonal circulation (stream) averaged from 25° = 30°N (a) and meridional

circulation (stream) averaged from 100° — 110°E (b) (Shaded are for vertical velocity (multiplied by 100) and the red

dashed lines indicate the values are significant at and above the 0. 05 confidence level using a ¢ — test, and double black dotted

lines indicate the topography. The red rectangular boxes denote the study region of Southwest China)
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Fig. 7 Climatology of geopotential height (contours) along with the composite difference in geopotential

height anomalies (shaded), and corresponding T-N wave activity fluxes (arrows) at 700 hPa (a),

500 hPa (b), and 200 hPa (c¢). The cross-hatched areas show values of geopotential height anomalies

significant at and above the 0. 05 significance level using a ¢-test
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Fig.8 Time-series of the surface heating anomaly index on the Tibetan Plateauin in January from 1961 to 2013(a)

with the thick line for the index and the dotted line for the linear trend and the pecked line for 11-year-running-mean.

The correlation between the heating anomaly index and spring rainfall over Southwest China is shown in (b), in which

areas shaded in dark (shallow) grey are for values at and above the 0. 05(0. 1) level of confidence using a z-test
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