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Fig.1 (a) Spatial distributions of the 261 meteorological stations (black dots) over South China and

orographic height (shaded, units: m). (b) Climatology of the winter snow depth over the Tibetan

Plateau (TP; units: cm) and the black curves depict the 2000 m orographic height.
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Fig.2 The onset (blue), end (black) and start of monsoon precipitation (red) dates and total
precipitation (brown, units: mm) of the first rainy season (FRS) over South China during the

period 1979-2018.



95

96

97

98

99

100

101

102
103

104

105

106

107

108

109

110

111

N T REFE TR K S M R AT RO R, KT Aa I [R] . 45 RO [ i K By
B SGETAART KA (B 3). T LA B e J7 74 FORI A g F 3 A XA AR =5 5 1 pl VR AR 5%
R, HIXPADXEMRERZN, ERarioTan R R (8 3a), FFErmmEK (&
3¢), RFEKEMZ (B 3e). RS METTMS RIS LRE, &R EE
FHRIXATGIRARREATAE T ey i S e ¥ £ 00 22 TR AR T Sk sl b, AHOG R s/ (B 3b,d,0) . BRI,
o B 2R T A AN TR B AR T S e AT R K B 9GRS E , T e SR P A AR 5 5 IR K %
REONTEE TGS .

45°N L L L 45°N
40°N F 40°N -
35°N " F asN /
30°N F 30°N
25°N 25°N
45°N 45°N
40°N L 40°N
35°N - 35°N
30°N F 30°N
25°N 25°N
45°N 45°N
40°N L 40°N
35°N F 35°N
30°N F 30°N
25°N 25°N
70°E 80°E 90°E 100°E 70°E 80°E 90°E 100°E

[ [ [ [ .
-0.5 -04 -0.25 -0.1 01 0.25 04 0.5
B3 1979—2018 FAEFEHTFIAFGENTE] (a=b) EFENTE (c—d) FEMEKE (e-) HmE

FREWEL IR RE. EFINELET, AP RBRKES . K a hpi LT E 7 )
Form PGS (33~40°N, 63~77°E) MZRFHE (28~33°N, 90~98°E). 11 xiX Aillid 95%
REMERL, BEOSLAFRIR 2000 KIS L CRED

Fig.3 Correlation coefficients between the onset date of the FRS (a-b), length of the FRS (c-d) and
total precipitation of FRS and snow depth over the TP during the period 1979-2018. Left
columns are the raw series and detrend results are shown in the right columns. The two red
boxes in (a) outlines the western (33~40° N, 63~77°E) and southeastern TP (28~33°N, 90~98

°E), respectively. Dotted areas indicate the correlation coefficients significant at the 95%



112

113

114

115

116

117

118

119

120

121

122

123

124

125

126

127

128

129

130

131

132

133

134

135

136

confidence level and black lines outline the 2000 m orographic height

IS B3 X (] 3a IIANLETTHE) 70 A m SR PO AN AR 38, I 5 e m mi ViU TP
ARMIR (£ Do BBRKWEHE, @RISR S BRI 7). R e A8
B 7K & (A O R BOA BT, (B8 T 99% A B MR TG . 1T v AR B E AR S AE BRI
AN G AR P K R A DG . TS A o S Y I AR R A, 55 W TRV 1 45 SR ) O
AR, T e SRR S B AR RO FF AR IS TR), AT (15 A RO RR SR () 3. 2 v
JRRE - AR AE — AT ETE, A T R DR R A S SRR R, X
AN I 1979—2007 45 TR T 7K 245 53 5515 1 PR G Bk 15 365 8 ) 170 60 B /K B TS O SR B (GGR
D, 3BIMEW ST RE 3 WAE T 5 BT 5 s AU R OV B &I X . A
XF1 E AR TR S AR K SRR E GR D, BRHEK (19792018 ), FEAREE L.
BRI, 5 SO AT 1 BE 8 e T PG AR T 5 A m VR B K B R

R 1 A RIEEAMAENE (FK4E) SEEITUIITG. G0R. FRam ) & S KR R
AHC OISR D 80320 3 R I8 99%. 95% A1 90% i I 2 HE AR 46

Table 1 Correlation coefficients between the western and southeastern TP snow depth (snow water
equivalent) and onset date, end date, length and total precipitation of the FRS (Bold and italic,
bold and italic indicate the correlation coefficients significant at the 99%, 95% and 90%

confidence level, respectively.)

FFAB I Il LSRR ] K ] SICTIS

DX 5% Kot
JFie X% Hn KB Hin K@% Fih %

HE IR -0.52 -0.47 0.19 0.15 0.50 0.44 0.49 0.47

[
FEKYE  -0.52 -0.41 0.11 0.21 0.44 0.41 0.33 0.40
MERE  -0.33 -0.21 0.25 0.21 0.39 0.28 0.41 0.39
R

TKEHE -0.18 -0.25 0.15 -0.05 0.22 0.15 0.37 0.27
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R TR RE K e T P KR B 2 KR K P BB 2R A, 2006) . 18] 4 45t 1 e JR 7l
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Je, RS SRR KRR REOY 0.36 GEIT 95% 2 FTERLR), 1157 KUEF K HIAH < 2 4L
R 0.13, BB FE K-S AR S R R NS, RS K20 R, 123 KK 2R T 1)

SN/ o B GBI AR T IR FE£0.8 MRAEZE IR /E D0 S AR 4y, 3RAF 10 4R 2 T4 (1982-1983
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Fig.4 Standardized time series of the snow depth over the western TP (black), frontal precipitation
(blue) and monsoonal precipitation of the FRS over South China during the period 1979-2018.
The dash lines show the £0.8 standard deviation of the snow depth over the western TP. Green

solid (open) dots represent the above (below) normal snow years over the western TP
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Fig.5 Composite differences of the rainy days (left column, units: day) and daily rainfall (right
column, units: mm d-') between above and below normal snow years. (a-b) the FRS, (c-d)
frontal precipitation, (e-f) monsoonal precipitation. Solid circles indicate differences at 0.05

significance level
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Fig.6 Frontal (a-b) and monsoonal (c-d) precipitation (units: mm) of the FRS over South China and
percentage (e-f, units: %) of frontal precipitation in above (left column) and below (right

column) normal snow years of the western TP
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Fig.7 Composite differences of (a) 500 hPa wind filed, (b) 850 hPa wind field in March and (c) the 19%
pentad 850 hPa wind field between above and below normal TP snow years. Red arrows indicate

statistical significance at 90% confidence level
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Composite of 500 hPa meridional wind (shaded, units: m s'), temperature (black curves,
units: ‘C) and 850 hPa potential pseudo-equivalent temperature (red curves, units: K) in above
(a) and below (b) normal snow years from March to May over South China (105-120°E).
Differences in 500 hPa meridional wind and 850 hPa potential pseudo-equivalent temperature
between above and below normal snow years are depicted in (c) and (d), respectively. And the
solid lines outline the statistical significance at 90% confidence level. Dash lines in (a) and (b)

indicate onset dates of the FRS



224

225

226

227

228

229

230

231

232

233

234

235

236

237

238

gt X T RS A R DLV IR A RS IL R RRAIE , OB 4 (o BT R A ) 3l ) 22 Ak g 2
B EXMRERPE OB, 1988; RS, 2012). Fit, XHEAEH 850 hPa
g bk R A R B X . WA Z 54, FRdLiA BRI/ 26° N ML fdbish, KRR
SRR, CEHEIR, O RTE R E] 25°N, AR 3-5 A#EEONER (K 9a). HBIUAM],
B AR, TEEEE (-0.05 Pas™) S5k _EIEME] 700 hPa LA ERF ARG (& 9¢).
B TERR X AN A AT F 485, HE PO ERE4EREMmMIL (26°N) 15,
HEAH ARSI HRAE (B 9b), BRI H BRE s A S . AR, IO H YA 2=t —8
I 55 H. A P R SRR RE IR (18] 8b), SERgILAREETIE k. DU A A i b v 22 ORI i Pl R
ARG BN R B XA 28° N B BT (B 9b) o B 1L v 22 At — 20 48 iR 1 i e R
SURFFS LA (1 8b), HXIZWTF B 26° N, BhI AR b o B SR (8 9d), 1ER
HITSIAE DY A T AIJT G . M2 HAEADFEEA A AR B (& 9¢) MaEFEEE ()& 90
MZERE, 4 AVMBASALIRES B AL R 2 T4F B AL rg A B R s sy, Jf HAeterdt
8 (25-26°N) (LIRS 7 H ok, SILFEIN, ferg BB REH ETHazh e, S H Rk
IEAHIE] 300 hPa, A AT m 2 T HE LR AT a6 5



239
240

241

242

243

244

245

246

247

248

249

35N 35N
30N - 30N
25N L 25N
20N 1 1 1 |I 1 1 1 1 1 1 20N 1 1 1 1 1 |I 1 1 1 1
3/1 3/113/21 4/1 4/11 4/21 5/1 5/11 5/21 5/31 3/1 3/113/21 4/1 4/11 4/21 5/1 5/11 5/21 5/31
I T T e I T T e
1.5 2 25 3 35 4 15 2 2.5 3 3.5 4
300 1 1 1 1 300 1 1 1 1 1
] ]
(c) ! (d) :
400 , 400 .
] ]
500 : 500
]
700 700
850 - ‘ 850 -‘—‘- ' S
1000 1 1 I. 1 1 1 1 1 1 1000 1 1 1 1 I. 1 1 1 1
31 311 3/21 41 4/11 421 51 541 5/21 5/31 31 31 3/21 41 4/11 421 51 511 5/21 5/31
N [ ] T [ N [ ] T [
-0.07 -0.05 -0.03 0 0.083 0.05 -0.07 -0.05 -0.03 0 0.03 0.05
35N 1 1 1 1 1 1 1 1 1 300 III 1 1 1 1 1 1 1
{@ (N () |
j ‘ \ | | [ 400
30N Rl e J |

mi,\.g C;ﬂ‘ﬁ AN

850 — &
20N — L 1000 (e Sl IS | Fen S
3/1 3/11 3/21 4/1 4/11 4/21 5/1 5/11 5/21 5/31 3/1 3/11 3/21 4/1 4/11 4/21 511 511 5/21 5/31
[ | [ [ | [ [ [ | | ]
-1 -0.5 -0.2 0.2 0.5 1 -0.07 -0.05 -0.03 0 0.03 0.05

9 [AK 8, {27y 850hPa Al AL ER B (a—b, Hifiz: 10° Km!'), HEHIX (22~25°N,
105~120°E) P EEE (c—d, HAL: Pa s RETHES5/DFEEAM LALRLS B E
(e) FFEEME (D MEF. () Ml (O HSLRFIRIEIT 90% 52 Mk 5 i) X 15
Fig.9 Same as Fig.8, but for the zonal gradient of the 850 hPa potential pseudo-equivalent
temperature (a-b, units: 10° K m™) , the averaged vertical velocity (c-d, units: Pa s™) over
South China (22~25°N, 105~120° E) and differences in potential pseudo-equivalent temperature
(e) and vertical velocity (f) between above and below snow depth years. Solid lines in (e) and (f)

indicate statistical significance at the 90% confidence level.
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Connections between winter snow depth over the Tibetan Plateau
and the interannual variation of precipitation during the first rainy

season in South China

XIAO Zhixiang"*, LU Weiping'2, LUO Xiaoli?
!Guangxi Institute of Meteorological Sciences, Nanning 530022, China
?Laboratory of Beihai National Climate Observatory, Nanning 530022, China

3Guangxi Climate Center, Nanning 530022, China

Abstract: Based on the satellite derived snow depth over the Tibetan Plateau (TP), daily rainfall data of 261
meteorological stations in South China (SC) and the ERAS reanalysis dataset during 1979-2018, relationships
between the TP winter snow depth and precipitation during the first rainy season (FRS) in SC have been
investigated. Results show that: (1) Connections between snow depth over the western TP and precipitation during
the FRS in SC are the most robust and the TP snow depth mainly affects frontal precipitation of the FSR, whereas
it shows less impact on summer monsoonal rainfall. (2) Onset date of the FRS in above normal TP snow years is

about 20 days earlier than that in below normal snow years, leading to more rainy days, longer of the FRS and
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more rainfall during the FRS. However, rainfall intensity during the FRS shows small difference between different
types of the TP snow years. (3) The TP is colder in above normal snow year and the cooling effect stimulates an
abnormal anticyclonic circulation over the TP. However, tripole anomaly patterns of 500 hPa geopotential height
occur at East Asian coastal region. Configurations of the circulation facilitate cold air in middle-high latitude
regions invade SC, which makes a colder SC. And the enhanced northwest Pacific subtropical high intensifies the
low-level southerly flow and water vapor supplement. The front swings northward-southward in northern part of
the SC during March-April. The FRS has been established once the dry cold northerly and the warm-wet southerly
flow invade the SC in early April. In below normal TP snow years, both the cold northerly and warm southerly
flow are weak and inactivity and the front in northern part of the SC is interrupted in early April. When the

northerly and southerly flow invades the SC in mid-to-late April, the front is reverted and the FRS occurs later.

Key words: Tibetan Plateau; snow depth; the first rainy season in South China; onset date; front



	参考文献（References）

