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Abstract: Based on the precipitation data from weather stations in China, UK Hadley Centre
SST (Sea Surface Temperature) and NCEP/NCAR reanalysis datasets, this paper studies the
atmospheric circulation characteristics of the abnormally heavy precipitation events over the
southern China in the fall of 2016 and impact of SST. Results show that the subtropical
westerly jet in East Asia was much stronger in the fall of 2016, and the southern China was
just located to the right of the jet stream entrance, which was conducive to an ascending
motion. The western Pacific subtropical high also was much stronger than its normal, with a
larger area and more northwestward shifted location. The anomalous southeasterly winds on
the southwest side of the western Pacific subtropical high transported warm and moist air
from the tropical Pacific to the southern China, leading to heavy precipitation there. In
addition, more landing typhoons along the coast of the Southeast China also contributed to
the heavy precipitation. Further analysis shows that the heavy rainfall event was mainly
related to the abnormally higher SST over the equatorial western and southeastern Pacific
simultaneously on inter-annual time scales. These aforementioned SST anomalies could
affect the East Asian atmospheric circulation through exciting downstream-propagating
teleconnection wave trains or Gill-type atmospheric responses. The above results are further
confirmed by a series of numerical model simulations using CAMS5.3 (Community
Atmosphere Model Version 5.3).

Key words: the southern China; anomalous autumn precipitation in 2016; characteristics

of atmospheric circulation; SST anomalies; numerical model simulations
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TERFRERENE 5T, BHRE. iR & RGN K UEF UK (zrael et al.,
2007) o [B Py 4h 0 AR A O K= 98 TAE (Trenberth and Fasullo, 2012; Coumou
and Rahmstorf, 2012; fm2R%%, 2018) o sifE/K SRR w7 dK. R IEE B R K
F, A IE RN RAE A 7= (B R R W R T i

AT 3 [ DR B K S 5 RO RIE 9 2 A rh o 4 M 2 i N B 90 A 2R 3R I AN [ 3 X )
Mk ZHOIF L TE (T —IC%, 2008; Zhangetal., 2018) . B ZE{E K 5% 1) &
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ROMA. BORMESE (2013) 5 AR WL IX B R K SRR AL 22 94 2 B R AR 7 — KT 2 2%
REAH RIS BhAh, KAMRAHRG E N R AR L B A BAE Bz —, X
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SRS AR IR 5 1) B DR T 2 — o YRR S A B RS 5 JEUR e W — i 5 5
) (B S MKIE S, 1998; 4%, 2014; Zhangetal,2018) . EIEEVEMEMN 7 (242
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N 2.5°X2.5° (4) 19562017 F4E[H T LR Hadley H10 H P34 &R £ %KL (Rayner et
al., 2003) , AKFaHERN 10X 10, R & ERAUERLIE 1981-2010 % E R 197 HME,
EEfRILEER 9-11 H.



97

98

99
100
101
102
103
104
105
106
107
108
109
110
111

112

113

114
115
116
117
118
119
120

22 FEE

KRIAER T B RS TG BT DT SiAh, AR il B
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ST IS M N T, I SRELS Gl (AR Bk 3, e BUR K ATRE R R Ay oty i U
) ERIE S A %, K BRI o B RN R O RO AT s A8 )8 X BE R 7 Je & B il 5 6 KU
AR R B 2 1 00 AR A M BB, AT 2 P RE 2 26 AN A LA S R BB B ul A R 5 KU AT o L
Wt S ER AT 22 B IR PR SCHR .

AR A I8 B s ER 2R 4045 20 ( Community Earth System Mode, f#ii#% CESM)1.2.2
fiA (Liuetal, 2015) , f& 2010 4 7 H R EE SR RED IO FISMEH B 23 &5
oA s, B EAE TN ERY) BRI DA S — MRS & 4%, RS S HOR, RERCHERIIE L. %18 2
Z AN IARELAE AT BB 26 o RAUA LA B OO R SR U AR . AR S0 AT B R
B (Community Atmosphere Model Version 5.3, f&#8 CAMS5.3) #& CESM H {5,
CAMS.3 BET DL S g B AF B S s e, WmT ARG, BRI R AR . B
Ko #EE N 1.9°X2.5°, BERILH 96 () X144 (i) Mg, EEITA o —p
RELIRR, A 302, BIUEHLT 3.643 hPa.

3 2016 FEFKZ=[E/K NIRRT T

3.1 FKERE 30

Bl la 25 T 2016 SRR A [ /K & K FEKIEF B 4 . S5HERBAL, REHS
Hh XK ZE K R B 2 . 4 El R 2 W R DL B G2 53%, ARV, Wi, il
o A2 BB K 40k 1967 LK i m i, JUHREEY, 2 FHRKEIR 298.2
mm, JUFRSEFIIER 3 . K 2016 F3E B 7 K B B4 2 (U HLIX (22°N-33°N,
113°E-122°E, W& la BEOTTHE) AEBEARBEX, RSB X X 451 2o 1 B2 7K s v A B[]
A5 X E R 7 A EERE KRS (B 10D, A IZIX H 1967 4E LK, 2016 Rk FEKAL
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Fig. 1 a. Accumulated precipitation (contours, units: mm) and precipitation anomaly percentage (shaded, units: %)
over China in the autumn of 2016 (The black box indicates the key area of precipitation);

b. Autumn precipitation index in the southern China during 1967-2019
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2016 FEMKFIA 14 D6 MAEPEAR T A K, MR TEERBK 115 A EmHZ, i
FIRERA 44, BAEFERBIN 2.5 M2 (ZEEREMRCEE, 2017) , SMEESHHT G X
X IR B KRR A T L (B 2) o A “EEFT T 9 H 15 HEMitEEEE
I, ZoiksEa g, 9 H 14 215 H, WilLFg AR ER . TLVHARFHR. MR, 7&K
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Fig. 2 Accumulated precipitation (units: mm) caused by the Typhoons Meranti (a), Megi (b), Sarika (c), and Haima

(d) during the periods of September 14—15, September 27—30, October 17—19 and October 20—21, 2016
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Fig. 3 Accumulated precipitation (contours, units: mm) and precipitation anomaly percentage (shaded, units: %)

over China in the autumn of 2016 with typhoon-related precipitation removed
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Kl 4a 25 1 1 2016 “FEKZEE 500 hPa £ 3 2 HE 137, 850 hPa X374l 200 hPa £ 71 X,
Yo s, A7 TS0 Vo0 R (A PO B R i, A R T R O P ) RS 7 R
FE5R, BRI 0 KUEIE 50 mys. BRI s 2h BRI “PHm AR 1 “dbmmik” MEm
RUPRAL, VEAA A B8 AL T o i B 1 X, B SRR ILE DUMZRI 2 B 2 958 K
FEIX, SHrath XA TR AT, SBOXHXKERKRERZ ERIAEZ, 2017) .
TR AR AU X |2 Dy e B R ezl , AR Tk B e BE (A S R B R, I B Rg U K
FRAIE R, T RE R M XA R K R e 2 1 R BRI (R SRR SCFS, 2017) o T B
DA R H X 2 OE R R, AR T A S . PRI = R 2P PE R — R R ALE M,
WA A R R (B |« A RmA. FLmib. TEME SmT.

M 2016 FEFKZE 850 hPa Mizeb~F (&l 4b) A W, 7RiE BN EEVE X A g XU 5, 90°E
BT 1A A R AR AR S I o IS 2 S T XU AR g S S b s 4k kb |
FRIE R 77 X I R R o A B AR A — S SR BRI o, HL T 0 2R XS
AR B P R R, IR R B d R I P R R SRR R R S R I
Bt b b B R E R A X

Bl 4c 24 2016 4ERKZRIEF1HI 2 300 hPa 2 R4 /K PRl & SR OB = HUEIE . RE
FRZE B /K S8 5 P SORKIRGBAE (i ) 25T 0%, Horb— SORIE T /RE BDEEF:, e B db K
VATIE S F LT O PE KPR T A JE Ak S AR AT, R PR o i 5 A i AL AR
171 i 4k 22 AL ik /KR B R X B2 o 53— SOk B PR PRI 3Gl m R ra i, B e
i R R K PR B PG 4T 2 R B R A b, 1) m s KV B X B R
(s /K VR B, R B IR SRR E I iR, iz X R R KR A T 12 78 R AI/KIR 5%
.

TR I 7 — N B AR B ETHIEF) . N 2016 FEAKZRIT 113-122°F 4i A T34 1)
ZrEEARRE (K 4d) EaTUEH, 10-30°N A5 KEH — 8 FrtiEsh, sl
EXHRE E RS R AL, AR ST AE 400N BEE R YT, RS A AR IE . B
FEHEF BRI 3R E R 75 XS B i 2 5947 W) 2 ) 2 B IR B, B TSR sR A,
H.7£ 700 hPa A1 500 hPa Fffifr tHHL 7 AROKAE . R M@ #vis i S s e o, Bl g
B DX WG T i 2 SN X A 0, o 2 = 2R A B A R T B THE sl s 43 B
YekF, AR T FEKE R EKE (Whitney, 1977) .
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b. 850 hPa MUIZRE-F- 734 (Fik, HBhi: m/s) KRG B34 GREZL, B0 m/s) ;
c. Ml % 300 hPa 2 M0 KV BRI ik, B0 kg/m/s) FOKVTEERUZELT I, (R, A7,
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d. ¥ 113°=122°E 4ifial 125 (28 1) T BRI Gk AN 20 B 9 28 ) KU ELIEJEE S B A 23590 m/s All-1072
Pa/s) FIZiFR CIEAEELZR, B0 m/s) NP CREOSEL, B0 m/s)  BEEEZNTY O/
th, HAZ: -102Pa/s)
Fig. 4 Atmospheric circulation and its anomalies in the autumn of 2016
a. Geopotential height (black contours, units: gpm) and its anomalies (shaded, units: gpm) at 500 hPa (The thick
red line denotes the 5880 contour of climatological mean), winds at 850 hPa (arrows, units: m/s) and zonal winds
at 200 hPa (blue contours, units: m/s);
b. Wind anomalies (arrows, units: m/s) and meridional wind anomalies (contours, units: m/s) at 850 hPa;
¢. Anomalies of moisture flux integrated from surface up to 300 hPa (arrows, units: kg/m/s) and its divergences
(shaded, units: 10°g/m?/s);
d. Meridional vertical circulation averaged from 113°E to 122°E (arrows, meridional wind and vertical velocity in
m/s and -1072 Pa/s, respectively), zonal wind (blue contours, units: m/s) and its anomalies (black contours, unit:

m/s), vertical velocity anomalies (shaded, units: -102 Pa/s)
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BRIERR T, ERERR T A 2016 FREREIR ML 2T 14 (2006-2015 45) FKZEF
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F(1956-2005 4F) PRI EAE (B 5¢) o I 5b AT, OR-F VR ER A 4F B 7
3T 2016 FERKEFE A, HTERWEEBEES, Hh, R
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Fig. 5 a. SST anomalies in autumn, 2016 (differences between SST in 2016 and multi-year averaged SST,
units: C);
b. Differences between SST in 2016 and averaged SST in the past ten years in autumn (shaded, units: ‘C) and
corresponding wind differences at 850 hPa (arrows, units: m/s);

c. Differences between averaged SST in the past ten years and multi-year averaged SST in autumn (units: ‘C)

4.1 HHE B FH X B E 7 KRR T BERS

— eSS 2016 FEAKTETE AT AR A AU W 2 5 R 5 A % . Zhan %%
(2017) 2 2016 4F 9-10 H & K i 22 ] BE A2 PU KPR 85 I8 A 2K K7 28 8L La Nina
T HHER AT SE RV P45 5, Wang 5 (20190 TIACA 2016 4EAK Z= L EN JEE VEHHE 74
7R T8 VG RS 9 sk U i P2 A B 7 8 o 2R RSP 32 o i e 74 1) = AR B W IR A (tri-polar SST
pattern) , &I AR P UFE PEP-PEAR G M rT AR (18 Sb) b T i s Aty A= 14 2 i A
KRB - 2016 AFRK = il 3 [ 1 Py e M0 8 I 22 W] B 5 La Nida Y OHER 7 8 73 A1 A

Ko Liu % (2003) 1 Wu %5 (2004) F5HF#KZE 9-11 H La Nina & 1R 55 7047 v] 5 2
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Fig. 6 Differences of autumn meteorological variables between 2016 and the past ten years
a. Precipitation (typhoon-related precipitation removed) anomaly percentage (units: %);

b. Geopotential height anomalies at 500 hPa (shaded, units: gpm) (contours denote 500 hPa geopotential height in

autumn, 2016) and wind anomalies at 850 hPa (arrows, units: m/s)

K17 24 1967-2015 4 Bt ] U _F o B B 77 3K 2= B /K48 B0 4 2R [ 1T A AH 5% R 2
J% 850 hPa [V X750 Eh BRI, o [ g 7 K = [ /K AR B AR Al 55 7R 78 S 78 3 A 75 A
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Fig. 7 Simultaneous correlation coefficients between the autumn precipitation index in the southern China and
global SST on inter-annual time scales (shaded, the slashed areas denote the values significant at the confidence
level of 95%) and regression coefficients of wind at 850 hPa (arrows, the thick arrows denote the values significant

at the confidence level of 95%)
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NI s R o 1 VA 7 s AN o NG S E 2 1 e | S S | T N e 2 2 ) A S S
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Lo 34 v 5 TE e 5 A IS o D P9 R A v s T 00 100 57 5 25 X 50K B i n b v 1) e 7
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SR O — R ) R U AR . A BRI TSI, AEEARBR A 2 SRR U B, ED
JEE U I AR A VT 3 3 DRSO DR ST X7 A 5, B0 VA U U 18 P 05 T B B 2 — K
P X S 2R DG ) Walker AL, MRS AT P45 R SUA IR & 487 42 520 (Johnson and
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Fig. 8 Differences of autumn meteorological variables between average in the past ten years and multi-year
average
a. Precipitation anomaly percentage (units: %);
b. Geopotential height anomalies at 500 hPa (shaded, units: gpm) (contours denote 500 hPa geopotential height in

autumn, 2016) and wind anomalies at 850 hPa (arrows, units: m/s)
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Hh 2 B LR MNP BN 10 PR PR 4 B HLIX (23°-60°N,
56 130°-202°E) ¥k 55
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Fig. 9 Differences between the TWP and CTL experiments
a. Precipitation anomaly percentage (units: %, slashed areas denote the values significant at the confidence level
0f 90%);
b. Geopotential height anomalies at 500 hPa (contours, units: gpm, shaded areas denote the values significant at
the confidence level of 90%) and wind anomalies at 850 hPa (arrows, units: m/s, the thick arrows denote the values

significant at the confidence level of 90%) (“A” and “C” represent cyclone and anti-cyclone, respectively)
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Fig. 10 Vortex generation positions (dots) and moving tracks (broken lines) over the western and northwestern

Pacific in autumn: (a) CTL experiment; (b) TWP experiment
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