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Abstract By using observational data from 71 stations over the central and eastern Tibetan Plateau, monthly rainfall data from
756 rain gauges throughout China, HadISST v1.1 and ERA-Interim reanalysis data, impacts of the spring sensible heat flux o-
ver the Tibetan Plateau along with the global SST on rainfall over East China were investigated. The present study aims to im-
prove the prediction skill of summer rainfall over China by using the sensible heat observations over the Tibetan Plateau in the
preceding spring. Results show that there is a close relationship between the spring sensible heat flux over the Tibetan Plateau
and rainfall over East China. When the upward sensible heat flux over the Tibetan Plateau increases in the spring, rainfall in-
creases over the middle and lower Yangtze River valley in the spring and throughout the Yangtze River valley in the subsequent
summer, whereas rainfall over Southeast China decreases. The increase of the sensible heat flux over the Tibetan Plateau con-
curs with a Rossby wave train along the middle-high latitudes of the northern hemisphere. The anticyclone robe over the North
Pacific extends southwestward to the western North Pacific and transports abundant moisture to the Yangtze River valley. In
the subsequent summer, the South Asian high shifts eastward and the western Pacific subtropical high shifts westward in the
lower and middle troposphere, while a cyclonic anomaly occurs to the north. Under the control of the subtropical high, rainfall
over Southeast China is inhibited; however, rainfall over the Yangtze River valley increases as abundant moisture is transported
to this region by southerly flow to the west of the subtropical high. The southerly flow converges with the northerly flow to

west of the cyclonic anomaly over the Yangtze River valley. The sensible heat flux over the Tibetan Plateau in the spring could
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be a key precursor of summer rainfall over Southeast China and the Yangtze River valley. With its impact considered, the rain-
fall predictions are highly consistent with observations, and the prediction skill of the summer rainfall increases by nearly 15%.

Key words Sensible heat flux, Tibetan Plateau, Rainfall over East China, Prediction skill
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Fig. 1

(a) Spatial distribution of terrain (shaded) and locations of 71 stations over the central and

eastern Tibetan Plateau; (b) time series of regionally averaged sensible heat flux anomaly over

the Tibetan Plateau in the spring (columns), its inter-annual component (solid line, the inter-annual

component is calculated by using high-pass (<10 a) filter) and linear trend (dashed line)
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Fig. 2 Correlation coefficients between sensible heat flux over the Tibetan Plateau in the spring

and seasonal rainfall over China on inter-annual timescale

(a) spring; (b) summer; (c, d) are similar to (a, b) but with pre-winter Nino 3. 4 index being removed.

Dotted areas are for results significant at the 90% confident level



934

B ZRIBA AR PR AR AL 5 K VL R R K 56 R B
B OB DX A B ) R A DG X — B

AR KT T T I S5 2 R 9 AR T o K ) G B
To JEIRJE A S A i RT3 Ao 9 s A 0 SR
7 A A B BT = R P R R ) i 3 b AR
P Hl X % R KR S RE TR REA T E
RAB R K A 22 5 B 2 A g B /K Al 2 o A VL 30 35 R K A
% (Li, et al, 2012, 2014), J& /K JE#/FE I % 3h
(ENSO) 5 {4 68 firt B vh [ 75 ¥ K A2 %1 20%
(Wu, et al, 2003) . 4347 75 9 1= S 7 22 S 0O 7R
VR 7K 19 5% M 2 A5l 37 T ENSO (55, B 2¢.d 45
25 ENSO 520 Ji5 o B 5 1R 19 DL S5 0 B 2= %
KB RAE S . XFECIE 2a.b 5 2¢.d Al KB, 5 K
SV T S T R e R AR R B RO TR D) R A

rasd / J \1 T
ETEIN

(
crdde s e
S

Acta Meteorologica Sinica SR 2018,76(6)

IR 2R T E 2 AR 55 . B R R R
R IR W R K ) B2 ) AE — o AR bk 7 F
ENSO (#32 ,

4 T IR i v [ 2R 2R K Y
L]

4.1 FREAKEEH

T 9 e D B AT R Ay 5 e I A w20
IR T R R e R XU DG B . 0 R
PRI SR o R B S AR 0 2 XU 3 i RO I R K aE—
R0 R 2 R DT 52 ) 5 0 7R 0 B K (R [
419995 Liu, et al, 2001) ., i) F 7 i 5 JE 5 22
AR B m] 9 IC 2 BRI LA K 500 hPa 3 B iz 3 ik i
CEIBa) AT UL, #5725 24 75 e Jt s i % B 28 KAy

—0.008 —0.004

0 0.004  0.008

B 3 o I 2 A AT B i [0 3 14 295 934 850 hPa W (K4 B m/s)
H1 500 hPa 3 iz 23 (A By . B4 . hPa/s)
(a. HZ e F, L HHTH4 2 Nino3. 4 KR . b.d. 7] a.c,fH >} Nino3. 4 3550w 515,
25 3095 G 1 A R I S I 45 SR 340 5 90 06 B S KT ¢ K )

Fig.3 Partial regressions of seasonal 850 hPa horizontal wind (vectors, unit: m/s) and

500 hPa vertical motion (shadings, unit: hPa/s) on the sensible heat flux over

the Tibetan Plateau with pre-winter Nino3. 4 index being removed.

(a) spring, (c¢) summer; (b), (d) are similar to (a), (¢). but for regressions against pre-winter

Nino 3. 4 index with the spring sensible heat flux over the Tibetan Plateau being removed.

Only those results significant at the 90% confident level t-test are shown
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Fig.4 Partial regressions of seasonal vertical integral of water vapor flux (vectors, unit; kg/(m « s))

and its divergence (shadings, unit: 10~ ° kg/(m?*

* 5)) on the sensible heat flux over

the Tibetan Plateau with pre-winter Nino 3. 4 index being removed.

(a) spring, (¢) summer; (b), (d) are similar to (a), (¢). but for regressions on pre-winter Nino 3. 4

index with the spring sensible heat flux over the Tibetan Plateau being removed.

Only those results significant at the 90% confident level t-test are shown
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Fig.6 Partial regressions of seasonal Rossby wave activity flux (vectors, unit: m?®/s?)

and quasi-geostrophic stream function (shadings, unit: 10° m*/s) on the sensible

heat flux over the Tibetan Plateau (Only those results significant at the 90% confident

level t-test are shown) with the pre-winter Nino 3. 4 index being removed
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Fig. 7 Partial correlation coefficents between rainfall in the summer and

sea surface temperature in the preceding winter with the impact of
sensible heat flux over the Tibetan Plateau in the spring being removed

(a. Southeast China, b. Yangtze River valley; Square-filled areas indicate
results significant at the 90% confident level t-test; The areas of Southeast China

and Yangtze River valley are shown in Fig. 2d)
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Table 1 Stepwise regression of summer rainfall over Southeast China

2 2 BE AHE R B
T WIO EIO PO WAO EAO SH LA S D
1 / -12.8 / 8.3 / — 0.63*
2 / -17.2 / / / -13.9 0.75*
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* 2 KILWE Z=REK I ZE A BE 5047
Table 2 Stepwise regression of summer rainfall over Yangtze River valley
2 £ B HHK R B
AT g 10 PO AO SH LA D
1 / -14.3 / — 0.52*
2 / / 10. 5 13.6 0.65*
TE < 451 X 98 BB A P 7 TR . e AR OC R B A 99 26 F A K.
80
(a) I Observation
—0— Regression (SST)
40+ —B— Regression (SST+SH)
0,
740,
—80 T T T T T T L —
1982 1987 1992 1997 2002 2007 Year
80
(b) Observation
—0— Regression (SST)
—B— Regression (SST+SH)
40
0,
740,
780 T T T T T T T T T T T T T
1982 1987 1992 1997 2002 2007 Year
Bl 8 X E RS H (R . mm) i I E 5 LA 18 A% 15 18] 5 1)
(a. EFARF, b, KILHBED
Fig. 8 Times series of observed and regressed summer rainfall abnormal
over (a) Southeast China and (b) Yangtze River valley
SRR AT P A A 4 B 5 A7 B

Ps = 0.48 —12.8SSTeo + 8. 38STyao  (2)

Psc = 0.49 —17.2SSTeo — 13.9SH  (3)
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