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Abstract The satellite-based TRMM rainfall and the JRAS5S atmospheric reanalysis datasets are used to investigate the
structure and evolution of extratropical atmospheric intraseasonal oscillation and its impact on anomalous rainfall over
South China (SC) in the summer (May to August) of 2002. Wavelet and power spectra analyses demonstrate that the
intraseasonal variability of the SC rainfall during the summer of 2002 was characterized by a significant quasi-biweekly
oscillation (QBWO) with a period of 10-30 days. Composite analyses show that such a QBWO of the SC rainfall was not
only related to alternate occurrences of the anticyclone and cyclone anomalies in the lower troposphere over the coastal
region of SC that modulate the western North Pacific subtropical high entering or leaving the South China Sea, but also
largely dependent on the extratropical atmospheric oscillation in the middle and upper troposphere. The QBWO in the
upper troposphere was characterized by a southeastward-propagating wave train consisting of a series of anomalous
cyclones and anticyclones, which were aligned in a northwest-southeast direction over Eurasian continent. When the
anomalous anticyclone and cyclone were respectively located over the Tibetan Plateau and northern China as the wave
train moved, the upper tropospheric divergence between this dipole in anomalies was favorable for the development of
ascending motions over SC, leading to above-normal rainfall; in the opposite situation, below-normal rainfall occurred
over SC. For the transition between dry and wet episodes of the QBWO, anomalous tropospheric horizontal temperature
advection and absolute vorticity anomalies in the upper troposphere above the subtropics caused by the southward
migration of the wave train are two dominant factors leading to the alternation between ascending and descending
motions over SC as well as the reversal of the corresponding meridional circulations. Local sensible heating anomalies
also make certain contributions to the above process. Significantly positive correlations were found when the 500-hPa
geopotential height anomalies over the Tibetan Plateau led the SC rainfall anomalies by 4 days (that is, a phase lag of 1/4
period of the QBWO), which implies that the 500-hPa geopotential height anomalies around the Tibetan Plateau may be a

potential predictor for the forecast of the intraseasonal variation of rainfall over SC.

Keywords South China rainfall anomalies, Quasi-biweekly oscillation, Extratropical atmospheric circulation
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Fig. 1 Distribution of percentage of rainfall departure (contours, %) from climatological precipitation and the intraseasonal standard deviation (shading,

mm d ') of the 10-90-day filtered daily rainfall in the summer of 2002. Climatological precipitation is the multi-year summer precipitation averaged over the

period of 1998-2010. The contour interval is 10%, with solid (dashed) countours denoting positive (negative) rainfall anomalies. Red rectangle denotes the key

area in South China (25°-30°N, 105°-120°E)
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Fig. 2 (a) Time series of area-averaged daily rainfall (left y axis) and daily rainfall anomaly (right y axis) over the key area (25°-30°N, 105°-120°E) in South
China during the summer from 1 May to 31 August of 2002 (black thin curve) and for climatology (black thick curve). Positive (negative) rainfall anomalies
with respect to climatology are shaded in blue (yellow) colors. The black dashed curve is the time series of the 10-30-day filtered area-averaged daily rainfall
anomaly, the parallel red dashed lines indicate the positive and negative rainfall anomalies equal to one standard deviation, red solid line represents the mean
value). Light blue dots show the selected significant cycles of the quasi-biweekly oscillation with amplitude greater than one standard deviation. Numbers 1 to 8
represent the phases of the quasi-biweekly oscillation. (b) Wavelet spectra of daily rainfall time series averaged over the key area using the sixth-order
derivative of a Gaussian as wavelet basis function. Shadings indicate the spectral coefficients statistically significant at the 95% confidence level for a red-noise

process. Thick dashed line indicates the cone of influence. The edge effects become important outside the cone
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regions where the rainfall anomalies are statistically significant at the 90% confidence level

BB A e e (B 3) R . s S
SBEIR AR LL ) PEACE B, FEALAR 7 Bk ¥ e
WRVIERPEmdithX =T RS (K 4.
CL, EANLAH 6 S47AH 8, g HhX Ab /K ¥R & 47
BUGIAEE (B 4f-h), PR 2RI U5 . 76
A ma B 7K B R A AR ) 4 AH B e FE e (I
de-g), VBRI S AU R BRI T AR IE X,
{E LA ) G A 33 30 D) 3 [ ) 52 380 o 48 R 4R 3 1)
SEMI 58 R AR TR, A4S 0 AU ) 4 i i g
NEEIE, 5 S I 1 [ K AR 22 1 JHG b 0 1) i e
Kb e R2Z, BRI RABERN G -2,
R PRI Z . A b, X EER AR (1) Sk
e CRABE I EEAE 2 B ACR R s
SUAEN GRHD FafE AR PG PR
42 JRBHBEINR

LTS (a5 5 MR AR BE, 1964; Tao and
Chen, 1987; Z[EEL, 2002; 7KK %%, 2003) &
TR L AR X 5 2 2 W 11 A 5 7 e D P AR
FIHRIEA K. B IR SIA) 500 hPa PUK I (K47
B R . T T A AR K I (] A1)
500 hPa v #5 FE 5 A A A ¢ (] 50 B4,

A AHOEY7 (B Sh) ATDAE W3 IEAH D XA
JRBR T R AL, e, HE, H-4d
(P 5d) i RISt XA 34 s i S BB i T
KRR 4d), BFEEMHLTESE TENE
W E B2, FERRA-3d 224 (K 5e-). HF
TR, P 3~4 d IR 2208 U6 B T HE XU 4%
Wil 1/4 FAH, 3 WAL R UE XU BRI AR i 22 W (/b
D V&G T s IR X 500 hPa A3y 34 g i B
K OUMAEZ 14 .l L, ik s X 500 hPa
7 FA v B S O e R B K TR A — i IR
=,

AR DX AL AR, 7 e i X1 fa 3 TEAH G
ATDLBIE-7 d (K Sa) (3R E R E KT R
DM R e S P L R AT X o SX PN B X
I3 WHAFAE— A/ NG I IEAR X, [T 3% 2 0]
(1) VUM R TT V8 A7 AR — A W TR DG X o XA
TE AR TA] B AR SGIX 23 A 52 B Je i T 500 hPa AR
BB ST ST SRR S SEFR U O T Ak (1) b
A (K 6g). H-6d%E-2d (H 56 i TE
R WA R X PR I AF 5% DXCAS BT 1) 5 98K o R 7 e A
¥, M HAHK RE Gl B, 5 —J7m,



PN S

Chinese Journal of Atmospheric Sciences

1210

(e) Phase 5

60E

(f) Phase 6

— N

40N

(c) Phase 3
: DN, T L G
Ta CF= s

e ST

(r" TN e C
ReJes P e N
SaNS S 5

60E

(d) Phase 4
_ e

20N+

T
60E

0
T T T
60E 90E 120E 150E
[ I |
-3 -2 -1 2 3 10°gkg”s”

Bl 4 & 10~30 d JEUEI 850 hPa X% (Gidk, MRALBERIRES 0] AEER 0] KA i L 5 0 90% 11 W& PEAR I iRk, “A” F1 “C” 40K
RIH AWM RH S RKFB RS G, 2 100 gkg's™). KEAYRXERE
Fig. 4 Evolution of composite 10-30-day filtered 850-hPa winds (streamlines, with black segments denoting anomalous zonal or meridional wind components

statistically significant at the 90% confidence level) and 850-hPa moisture flux divergence (shading, 10 g kg™' s') during a quasi-biweekly oscillation from

phases 1 to 8. Letters A and C represent the anomalous anticyclone and anomalous cyclone, respectively. Gray shaded areas represent topography

A7 R 2R S PR LA DR IX B T 8 1) P WA+ 1) 7
g A B, (IR A OGP RS A L i 500
hPa (IR A 1 A5 i A H A A L 7K e A L X 11
W SN A A 7 e S M XA A e T e T
TN 2R T80 T 8 D S A 75 3 R A4 5 DX A7 3 g
JERRARIE I (1B 6)0 T3 — M IARIXAEF iR
VU, Ao KPR DA 3o B S 5 R B KA
FEREA R o

K 6 25 G ) 500 hPa ARSI AN B2 37«
FERLAH 1 (B 6a), FRIFEARFIHESZE]— ALz T
BV 5 SRR, 7 S P IR AAAE — A
[ AR A XA — 3 B SR Il B 4
P P A A S 2 DU 2R 38 v 748 1) S e — B U
— U AR AR H o A AR 5] [7) 4R i A
o LT PUACAC PR (1 57 5 B 17) 78 i SE AR EE N
Pt [ P R e S X e e 6 i L i) P A 4



6 FLIBE 45 2002 4 5 2= o i i R AEXUR 3R 35 X0 HE R R 7K R 52 )
No. 6 KONG Xiaoyu et al. Influence on the South China Rainfall Anomalies of the Atmospheric Quasi- Biweekly ... 1211

60N
30N -
0 . . — . . 0 . . — . : 0 : ; — . .
0 30E 60E 90E 120E 150E 0 30E  60E 90E 120E 150E 0 30E  60E 90E 120E 150E
60N A 60N A
30N 30N -
0 : : — — : 0 : : — : : 0 : . — . .
0 30E  60E 90E 120E 150E 0 30E  60E 90E 120E 150E 0 30E  60E 90E 120E 150E
60N - 60N A
30N {° 30N -

0 r T — — r 0 . . — - : 0 : : — ¢ ;
0 30E  B60E 90E 120E 150E 0 30E  60E 90E 120E 150E 0 30E 60E 90E 120E 150E
[ I T I I I I ||
—0.8 —0.6 —0.4 —0.2 0.2 0.4 0.6 0.8

K5 2002 FEIZ (5~8 ) 10~30 d JEI AERI ISR I 0] 741 5 10~30 d 3831 500 hPa {34 FE 4 AU AH DG o 4T X St 2 MR 30k
90% i BEAK PRI Ak, S R B s 340 PSS B T M S, I R ORI A 38 BE S W 5 T IR B R S e T 1) DX i

JE R RT 3000 m )R s, R )

Fig. 5 Evolution of lead-lag correlations (shading) of the 10-30-day filtered 500-hPa geopotential height anomalies with the time series of 10-30-day filtered

area-averaged daily rainfall anomaly over the key area (25°-30°N, 105°-120°E) in South China for the summer of 2002 (1 May to 31 August). Stippling

denotes the regions where the correlation coefficients are statistically significant at the 90% confidence level. Negative number such as —7 on the top left corner

of each panel indicates that the geopotential height anomaly leads rainfall anomaly, and the opposite is true for positive number. The Tibetan Plateau with

topography height above 3000 m is outlined by the brown solid curve, the same below
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8. Letters A and C represent the anomalous anticyclone and anomalous cyclone, respectively
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