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Abstract The area south of the Yangtze River is an area highly impacted by heatwave disasters.
Previous studies have revealed the effects of sea surface temperature anomalies (SSTAs) in several
crucial sea regions (e.g., the tropical Atlantic, the North Indian Ocean, and the tropical
central-eastern Pacific) on summer mean air temperature anomalies over southern China on
interannual or interdecadal time scales. However, there has little research on the impacts of the
SSTAs in these key sea regions on the occurrences and maintenances of heatwave events over the
area south of the Yangtze River on the intraseasonal time scale. For this reason, using observational
data in gauge stations in China, NCEP/NCAR reanalysis, and NOAA SSTs, the present study focuses
on the potential contribution of SSTAs in the tropical Atlantic to heatwave events over the area south
of the Yangtze River by analyzing two summer heatwave events in 2016. In addition, based on the
composites of multiple heatwave events during 1981-2016, a possible physical link that explains the
effect of the intraseasonal evolution of SSTAs in the tropical Atlantic on heatwave events over the

area south of the Yangtze River is further explored. The results indicate that, the development and
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maintenance of warmer SSTAs in the tropical western Atlantic is conducive to stimulate a relatively
stable Rossby wave train over Eurasia on the intraseasonal time scale. As a result, a deep
high-pressure anomaly governs East Asia and its coastal areas, resulting in long-term persistent (>8
days) heatwave events over the area south of the Yangtze River. This phased increase and
maintenance of the SSTAs in the tropical Atlantic and associated steady Rossby wave train are prior
to the long-term persistent heatwave events, and the latter might occur in a month since the SSTs in
the tropical Atlantic significantly enhanced. On the intraseasonal time scale, there is a clearly phased
increase in the SSTs in the North Indian Ocean, around 10 days after the significant increase in the
SSTs in the tropical Atlantic Ocean. This implies that in addition to directly exciting the Rossby
wave train across Eurasia, it is probably that the SSTAs in the tropical Atlantic may affect the
occurrence and maintenance of the heatwave events through modulating the phased variation of the
SSTAs in the North Indian Ocean on the intraseasonal time scale. Furthermore, during the period of
El Nifio decay and transition to La Nifia, the synergistic intraseasonal variations accompanied with
cooler SSTAs in the tropical central-eastern Pacific and warmer SSTAs in the North Indian Ocean
may also contribute to the long-term persistent heatwave events. The intraseasonal variations in the
SSTAs in the three key sea regions seem to be able to be used as precursory signals for the heatwave
events. Nevertheless, the specific process that explains the intraseasonal effects of the SSTAs in the
three key regions, especially the joint effect of the SSTAs in these regions and related physical
process, requires further investigation in the future.

Keywords South of the Yangtze River, Persistent heatwave events, Intraseasonal, the Atlantic, the

Indian Ocean, the Pacific
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Bk 5t SR ERHE 77, ML A T fr 7= 22 A A0 . S A Bk 2R B AR
THiE, ERAGEIO I G R, R E R T IR KT R & LR X)) 2 IR E A O
. ZUFRIBHBX, W B R UK, R R K (8 RELE) iR R
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SKHRTT . RIS R A (X E HESE, 2000, ARETFIEEJK 5, 2008; 7555, 2013). H1EH
g7 X A e R A A L. B0, 2003 EE 2, mTHLIXGE 2 T ORVEE BGRZR,
TLFG . HEr IR s iR R A — AN A BLE (CEIEAESE, 20060, 2007 427 H, 1LF.
e S5l HH IR 4 e v T R il H B R R R 2 5~12 R (GRS, 2007) . 2009
7 AAN 8 H v [l R 75 X Hde HE I T RO Bl R A el R AU AR RV T Ui X i
HBCBH A R W2 16 (BKIDEE, 2011). 2013 4EE 2, FRERE THX B T A
SR AR X 1 i H ORI AR S S T T s i (Peng, 2014). IXSESUK [
FEALPE R S B T M 2R R SRR AT IE AR, DR DA RN AL I 1
S0 DR FHOE L A A B, 0 A 2 v i v T AR R U A0 T 18 73 9 A B PRI 483 2

—BURFF AR, TSP R RS e R R I v 3 PR I e b DX 2 vl S T A
KERAHMARG (RIK MR T, 1998, MiEMZEZ45%E, 2005; MRESE, 2005; 5K SE,
2011; MREIEE, 2013) 0 MVEACERRREI A B R PGBk, FRAR e ey, KUTH R X A A
I R S B R (B S 55, 20065 525058, 20160, BV i FR AR A 05, ARAE 0 23 7
IR R s e e P (R KA S5, 2008 o S ol IV 5 Hs R P8 DR i 4ty v i 5 i AR AN [ )2
BN, AT CATE SRS R 77 b X TR BGR JE F va H  , X BUZ X H I RR A 1 vl
[ EL#E5 P (Peng, 2014; Liu et al., 2016).

SRR b, TR B B v R R . s P PR S P S A A ) — L8 DR I S T
W 7 o — SERFF S A FR R 7R 1 A R S S sk [ g 7 UL S R SR KN o 914, Chen
etal. (2017) WFFL T #ity o AR AT I S o T8 5 R R 7 il e IO BE R s Hu %% (2013)
FE6H B /R JEi#5-F /775 (El Nifio-Southern Oscillation, fiiFk ENSO) X1 LAmgHhIX 8 H H i
r it S B RN, o TR SR AN RTE (1994 J 3L P8 RT3 g it X Il 3 5 AT DA JE 3 15 1
IR B B v P O R AU B, 8 v S T b X AR AT B K o A B RE VIR S 3R T LA
I A e M TS BT AR T U AR B X 1 %7 47 DL (Rossby) 51, 5300 IV e R0 P9
Rl E RS, b gl R E AR E ZE iR (Hu et al., 2013; Liu et al., 2015).

JEOK PG P U S FT DA I AR AR DGR ) B AR g (FhERERT, 2014) . TEARARBR R
F, KL ERBRIRY (Atlantic Multidecadal Oscillation, f##k AMO) FIREALARA FITF 4 1L
KER 7 HBIX I (Wang et al., 2009). fEERR RZ L, FRATHIAEFL (Wang et al.,, 2017) &7,
I A 2R R R P VA A T S i oo 6 ] g L IX B 2 U e A L TR o ) e
PiRft: (1D #ar KRS E R E T AT —BERERHE S, BRI ekh 45

>H



1125 BRIV KBt ¥ Rossby 5 BSR4 X PR IAT, 38 o 78 AT B vty v PR g e ek, 350
B IX E 2R SR S (2) B R PE R 53 838 n] T SE RS RS B N R AR R, E
AT R 4B A0 A g X ) P 8 s AR 5 RS T e RO BRI e, 3 B DR I e o R
B9 I 1] PG DA R g . v s 1 S 6 (g 96 O [ R A R, 38 1 3R T 7 1 DX 8 I i 5 1
EE S, RARMIE R E AR TER R, %P (Wangetal., 2017) LUK
I T [0 B3P — 2R 471) AR 32 AR R R AN () St e e o 6 A7 B B AR R R B 1 22 A o v [
e 7 B 2RI SR R . SR, 2T N RO R AR . ELBCK T TR 4 R PR R
AR B TAEZE TP R AR B 5 8 o I 4 B 2R e PR I R 2 5 A
221 A RO iR e A ) ARSI R 2 S 2, AR T AR B, X SE S A ) iR R
A A5 0T el A B R AR R R — RE TR IE 2 BT S IR AL 15 5 A PR AR AL B 1 2R
ARL? 3 % e T A B0 T SV IR S VAR R B LR i e A AE — B ? S E B, A AT L
MO i U S 8 2 P R B R SR R RIE S, Dy S 2RV b IX vl A ) 2 P T R 4 —
TES T XL o] ASEAFERN T

., ACHEFERRED A (Wang et al., 2017) FIFERE b, 5 SR K U PR 107
AR A 0 o [ VT 1 X R vl S (R s S AT BB . FRATTE SR L 2016 AR E N,
IR FERAHT RV PR (1 2275 N AR 5 R ENV TR RF e mni A OC R . TR ibdn e, ik — 4R
IR/ XL R O NipE o T e K R A O N =AY N i P (R ) P 2 A N R 2 R =
JE P SR R 1 2T N AR ST R R R IR AT o0 R, DU 9T R R i 4
FITR ft—E IS %

2 R 5

A SCE el S AR A 160 36 H 1 350 AN R e TR R A JE VL T e i o B
DXy FLR, AR T 2G5 B rho 1 e L <M B k) B R B (V3.0) B R IE H AR A B e
AR, AT R X KRR mR A AT S thAh, A EEA R TR 0 (National
Centers for Environmental Prediction, f&j#% NCEP) fl13& F KA M7 0 (National Center for
Atmospheric Research, f##8 NCAR) $EHL 4Bk i oA H PR S B Bk, 7KT 23 18] 43 7%
HH 2.5°%2.5° (Kalnay et al., 1996); NCEP/NCAR [J3i& H IR kL, /KF03E% N 0.25°%0.25°
(Reynolds et al., 2007) . A SCHIRFFUF BN 1981~2016 4, EZR 6~8 A, S EASN 1981~2010
PSS, AR R BURHA 1981 AR A B8, SRR 1982~2010 T35, A3CHY
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PR 1.3°C. BRI, 1981~2016 FiZH X HF-FHSREMH A E M ETHEA (K
). A4, 2016 FZHX M RIE 2 75 OSSR RE L 5t R FERBRTHE I R0 ? ik, &
12208 7 A il s R A I Ze ke 35, BETTHAE 2016 48 B 2= v [B AR SUREEF (& 1)
SRR, A EEYETHE SR, ZH X R E P T 0.5°C, i 2016 EH X
H X R BETE AR RS R AEAE . 2016 R E Tl Ui (K 1o) #—P8oR, 1L
WX R — AN R R X, HE R RIRA 33°C Ll b, Sehr b, TTRFHIK AU 2016 4FE
ZiEin s w X, e 1980 SR E FRr4E 8 KU ER iR F 12 KX (Liu et al., 2015). (A1,
ARSCHE ORI IZHX

122°E

S h R R
K1 2016 FREREHIKXES (6~8 H) P () AREEF, (b) Z@HEMHREF, (o &&EUR
ZR (A A3 AT CRRLAT: C o Forh, B8 7 HER IR R M X (29°N~30°N, 116°E~122°E Fl 26°N~29°N, 114°E~122°E),
RNl AL E

Fig. 1  Spatial distribution of summer (June—August) mean (a) temperature anomalies, (b) detrend temperature

anomalies, and (¢) maximum temperature in eastern China in 2016 (Units: ‘C). The black boxes represent the

Jiangnan region ( 29°N—30°N, 116°E—122°E and 26°N—29°N, 114°E—122°E ), and dark spots denote the locations

6



of observational stations in the Jiangnan region
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Fig.2 (a) Time series of summer daily temperature (black solid line) and temperature anomaly (red dashed line);
(b) as in (a), but for daily maximum temperature in 2016 and climatological mean maximum temperature (Units:
‘C). Gray shaded bars indicate the periods of two persistent heatwave events, and black straight line and red dash
straight line in (a) denote 30°C line of temperature and 2°C line of temperature anomaly respectively, black straight

line in (b) denotes 35°C line of maximum temperature

£ 1 1981~2016 VTR X B Z 45 g m iR S0 1 2 1 i TB) RN R 452 K 5

Tab. 1 The start-stop time and duration of summer persistent heatwave events over Jiangnan during 1981-2016

oy e i 30 FREERAL SRy e i 30 FREEREL

1983 8.8~8.17 10 2007 7.24~8.2 10

1988 7.2~7.20 19 2009 7.16~7.23

1989 7.29~8.7 8 2010 7.13~7.20 9

1990 7.16~7.29 14 2011 7.23~7.30 8

1991 7.22~7.29 8 2012 7.2~7.14 13

1998 8.8~8.17 10 2013 8.4~8.14 11
7.10~7.17 7.21~7.31

2003 7.19~8.4 23 2016 8.15~8.25 22

4 2016 FiiRFEAHAR KRS FRIEZRAFE

B 3a. b 235N 2016 4F 2 IR F AR (7 A 21~31 HF 8 A 15~25 H) “F#4 500hPa
A RS ATLVE W, 762 IR, RIKMH B2 6 R, 558 TS (&%
L) ML, 5880gpm 454k (HESELR) AT 0 v R-F i gl iy R 0 v, 3L
PUAA S H E R 100°E . AHMIHE, A7 3875 B B AR 7E A5 0 Hh X R B e L A 1 S (I
3av b B, PEATAERIAH R A Ta MG 58, VT rg i X IR SRR A TR PR R T 5.

M\ 2 YR il A 9 R] °F- 35 200hPa 107 %4 w5 B 571 (1] 3e dD AT L, AU 3 25 (12500gpm
LML) ML, MR (12500gpm 2 EFASIL) JEREY R, 0 HEHGME, BT
R ZRY R, R RAESE 2 AR AR VERTE R, — e ia ., 7V & kS 5 A
P8 RSP ) s e 1R S TE A TR 2 U R B in 7 R R 75 b DX T BGoR S5 1D o R e, b T
R EEME SR S (Peng, 2014; Liu et al., 2016). 2016 4F 2 7% i S 145%F N 1 B 0 v i A0 7 K
S A R s S I L BRI SRR A
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Fig. 3 500hPa geopotential height (thin solid line) and its anomalies (color shaded) during the periods of (a) the
first and (b) the second heatwave events (Units: gpm); (c) and (d) as in (a) and (b), but for 200hPa. Black thick
solid contours in (a), (b) and (c), (d) indicate the isolines of 5880 gpm and 12500 gpm, respectively, and green thick

dashed lines in (a), (b) and (c), (d) indicate climatological mean isolines of 5880 gpm and 12500 gpm, respectively
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Fig. 4 Longitude-time Hovmoller diagram along 27.5°N—32.5°N for 5880-gpm (500hPa) and (b) 12500-gpm
(200hPa) isolines during the summer of 2016. Red lines in (a) and (b) denote climatological mean isolines of 5880
gpm and 12500 gpm, respectively, and green dash lines indicate start-stop time of two heatwave events in 2016
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W, BMELURHIX (60°E M) AfSeE, E/RMAMZR m I AR 0 S FL it 3 X O IE 2
H 2R B X B R e B L S DR L PR 5 v s A A L R iR A R A T3 4h,
ERBEINAER 5B S Wang etal. (2017) 7R (9T K PG RIS T 572 5 ORI Rossby 541
ZEREEAS— 3. XA IR, B R R AR T et B [V R R B A miR A K
A G YERF BAT 2 vk

5 K TE RS 5 N NIER R HEW

DA —SEAF 50 O, TEAEBR R b, A = A BRI I IR 57 0] 3 ] e 77 1 X R
i 8 B R, BT R R P K PEVE (Wang et al., 2017), JLEIEVE (Liu et
al., 2015) PLRHCGH R AKSF (Hu et al., 2013; Chen and Zhou, 2017). B S 4 H T 16 M EiRH
PR AR IR ST A S B, T LA VTR Hb X IR A P e SRS ), s 78 K P A
AGED FE R B AR B, PG R R AP B AR (18 S AR X0, R RE LY
IR R X R AR — 3. b w] DUHED, EZ= T AR RS b, = AN SR BRI, 57 5 P REXTL
P 1 X R R SR I R A S YRR A — i DUk, IR TR AR bR AR A RO B A P i
Mo IXATRERZETT P RBERIZR 1S P35 AR AR B FRUBE Wl G B X R AR — B RAR A S ]

AR EEEET Wang etal. (2017) FEBRASL R IR T ELAT b, 4R SRR AR DT #01T P K
R 7 2 A AR 7 B AT R S O O R R AR R IR R AR SRR . BRI, ik
B 5 Hr G TR R P PE S EE X (10°S~10°N, 60°W~35°W, WL 5 =ML BAEX %), = A%
P 116 R V0 YA 0 2T A VB A o VI o 4 S v S 0 T RE RS I

Bl 5 16 Eindtt kA MES RS (A C) DEI0AN. R XIEERIE S 95%8) & & 1K F,
BENE A =N SR, S B 4 B R HGHT TP AR RSV (5°S~5°N, 170°W~80°W) | #4417 K PV (10°S~10°N,

60°W~35°W) FIALENEE (10°N~25°N, 60°E~100°E)
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Fig. 5 Spatial distribution of sea surface temperature anomalies (Units: “C) which is the composite of 16
heatwave events . Oblique dashed lines indicate the composite anomalies statistically significant at the 95%
confidence level, black boxes denote the three key sea areas: the tropical central-eastern Pacific (5°S—5°N,
170°W—80°W), the tropical western Atlantic Ocean (10°S—10°N, 60°W—35°W), and the northern Indian Ocean

(10°N—-25°N, 60°E—100°E) from left to right

FATESE L 2016 SEITL R FFELTE mIRF A BIEIT /0. B 6a 45t 1 2016 SE T Kb
T 10°S~10°N ~F A3l R~ 138 H AR, & S M 1 Ry 8 K 8 VA i e o 52 A BB )9 A2
RFfE. HIFE 6a Al L, A PG R PE R X AR B Z AR R Ui 15 5, iR S AE 7
HARIRIH L 1 BRI R B g om,  PEVLRIhIX 28 1 RIS ER Mt miR AR ATZ) 20 RAEA . (£ 7
HERI LG, b X R I 7 WS HRFE iR I fE . AR, VORI 1256 2
P iR S A 2016 4 6 1 1 H~8 1 30 H #AHy 78 JK 8 VA O B [X [X e~ S50 o ~F 15
H 5L R AR 8 B AT G AHOC. (& 6b) @ —28 o, #is 1 K P VR It o o B8 iU
P e 23 RN, P B IEAE ¢ R BA B R (0.58), HEI 99% ) W Ko IR IRIEIR,
FACHT PG K PG IR T A S G R X R R S R T e 51 R 2016 SF 3R VL R 3 X iR FHAE R
L RER YRR, HILERFRATZ 20 K, BA—ERETHHTERE .
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K6 (a) 2016 FEEZHA KFGEE (10°S~10°N) HHEEFZHEAZ (A C) 5 (b) 2016 FE FH
FERVEEE (10°S~10°N, 60°W~35°W) R T 57L& H AR PR3 R G M. () Hattiek
AR N 2016 FERIRFFENE SR EE R IERTE, (b)) et L RRIER] 99% ) B 3 KT

Fig. 6 (a) Longitude-time Hovmoller diagram along 10°S—10°N for sea surface temperature anomalies (units: ‘C)

in the tropical Atlantic Ocean during the summer of 2016; (b) Lead—lag correlation coefficient between the tropical
12



western Atlantic sea surface temperature anomaly (10°S—10°N, 60°W-35°W) and Jiangnan daily temperature
anomaly for the summer of 2016. Green dash lines in (a) indicate start-stop time of two heatwave events in 2016,
and green dash lines in (b) indicate lead-lag correlation coefficients statistically significant at the 99% confidence

level

T 0 25 G IR v R A A T DR P IR K T RE SR RN 2 S AR —
HI3EE, JAIGETH 1 1981~2016 EZFPrATLM B F s FaE Gt 16 4k WAk 1D KAEM
(L6 R (s PR PRI S (L3R 200 S5 REIR, 16 D mifF R AW BOCH 7 0 B
AR PEEIIIE e, A 3 AR T ¥ = . Horh, #id 0.30°CHY B BRIE A 8 k2 %,
BAITA A 1998, 2003-2. 2009, 2010, 2011, 2013, 2016-1. 2016-2 FHfF (LK 2). XH
AR g 1 X S RS IR AR R AR I |], XX 8 YRR R IRLEE P AT T S . B
PRE RRITVEMTR . DLER RS R R RN R) SO S 2 (L] 7a IREREREZR), B SRS AT
& 60 K (& 7a PhALbr—60). [FJEEK 20 K (& 7a HA-ER+20) HEATIEH &R A1 274
K PG PELE R 2 F 2B B 5 T R B P A I R B AR (] 7)o BT T R S AR A R b
FIFEAHIE, BT ER AT G H R B 5 RAEAMATEMN. SlgR (B 7a) £,
S (BERD 1T 30 KA, #iy TUORVEFERR IR = I T g I Bk s g, H B3
XYE A R AR e, FEAE P R A IR S TV R OIRAS, X — A RS 2016 I
FAR—F (B 6a). [FIFEN, ZEUE 6b, XHiX 8 URFHAFFTIE T ¥ B 256 5 it J AH DG 25 Tk
ATE R AR 7o Fras, A 76K PG I IR 7 R VL R el 25 RIS, W I IR AR G R AR
BEIRK (0.41), 3R 99%[ & F MK P IXHE— 25U, R PH K R =TT
PR Ak o 38 RV it X R A e T AR R S AR A IR, B RA — R .
AT PH DK P8 VR 24 P PR B B e 8 s LS T DA g 38 R i e X R 5 ke v i A1 i A M e
HIAME 5 o FE VRIS G IR BORYE R G5 ) 1 AN H 2 A, YL RG X RI AT R IR i
G

R 2 VLEE S FEAE R R PO JBEI VR R th A IR 2 (AL °CO, iZRE AT
1982~2010 4= 5144 (1 [R 391763
Tab. 2 Sea surface temperature anomalies (SSTAs) in the tropical Atlantic, North Indian Ocean, and the
tropical central-eastern Pacific during the periods of heatwave events over Jiangnan (Unit: “C), and the SSTAs are

based on the climatological (1982—2010) mean of SST during the same periods
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e S oS ITPNIPES AL TS R AR T

1983 0.25 0.43 0.69
1988 0.21 0.54 -1.76
1989 -0.21 -0.27 -0.43
1990 0.04 -0.45 -0.08
1991 -0.44 -0.03 0.58
1998 0.72 0.52 -0.59
2003-1 0.21 0.29 -0.07
2003-2 0.38 0.37 0.30
2007 0.19 0.56 -0.62
2009 0.37 0.37 0.85
2010 0.63 0.87 -0.89
2011 0.40 0.18 0.03
2012 0.11 0.06 0.34
2013 0.36 -0.36 -0.56
2016-1 0.78 0.45 -0.47
2016-2 0.56 0.51 -0.43

T = A RBERE XV W 5 FRAE

The domains of the three key sea areas are shown as the black boxes in Fig. 5
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K7 (a) [AE 6 (a), (HAMHTLRTEHMmIETH (2030 C) IR 8 XK HAM&MR: (b) [FE 6
(b), (HORGHPERPUFERE R (20.30 C) FrfER 7 MEMEIE . (a) TREZ X RIAF] 99%H) &
FEWACT, RO AR SR AR AL (b)) et R FRIRIE F] 99%0 i # VK-
Fig. 7 (a) As in Fig. 6(a), but for the composite of 8 heatwave events that corresponds to strongly warmer
(>0.30 C) anomalies in the tropical western Atlantic Ocean; (b) As in Fig. 6(b), but for the composite of 7 years
that corresponds to strongly warmer (>0.30 ‘C) anomalies in the tropical western Atlantic Ocean. Oblique dashed
lines in (a) indicate the composite anomalies statistically significant at the 99% confidence level, and gray dashed
horizontal line in (a) denotes the time middle point for the period of heatwave events, green dash lines in (b)

indicate lead-lag correlation coefficients statistically significant at the 99% confidence level

Fid 8 WEMREME RIS FEES (K8 SR, TEag X HIK«E (D -
B CHUZRMD —1E CRIE 3@ & 7wy S5 5 2016 F miH AR L MR g5 (K
3a. b) WIEA T, [R5 Wangetal. (2017) $57RILEERA R E RTINS 78
WO I E ZE P BIRCT. Rossby B FI S5 RAAARRT . 340, FRATHLEE T F0H 78 K 18 Ve i s
SRS N EREE R AR 40 RNEE 10 KPR 2000Pa i E7 A (B 9). ATUEH, &
BFERER 1~10 K (B 9d). 11~20 K (E 9¢) LA 21~30 K (E 9b), FERKIE K o 5 26
FERAE AR 4ERr 5 1] 8a SRR A S5 M o Rl R AERT 1~10 K, o EZRE LRI HX CA
LT RE SRS, U5 R R E R 7 X R R R R O . T8 B S AT
31~40 K (B 9a), IXFPEEMI M FEATEMT b 3d ok T2 1 5 A 74 K R MR B St BT R
{puR=E NN
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Fig. 8 Composited (a) 200-hPa and (b) 500-hPa geopotential height anomalies (shaded; Units: gpm) for the 8
heatwave events corresponding to strongly warmer (>0.30 “C) anomalies in the tropical western Atlantic Ocean.

The dots represent the composite anomalies statistically significant at the 95% confidence level
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Fig. 9 As in Fig. 8(a), but for those during (a) 31-40, (b) 21-30, (c) 11-20 and (d) 1-10 days prior to the 8

heatwave events(shaded; Units: gpm)
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WOR MBONRSE RIS A, AR R HV s X O TR JE 1 e I R Gedzsh] (B 3D, i1 3 5L
F VL R X R B G iR S o o P DR P A R R S 21 A RUBE R 4 I )
B, Pro B A AT AEFA P R EARBLR, BEMT R T R Z 7 E RS B P K P AR
i SR T e R A YOG o AT TR (R A B T DAt — 2B R B, IR i K
VR R HE T PR o B 18 50 5 A e S FL O AR A 5 ) R I8¢ 91 45 g L 3 B v TR SR S i
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21~30 KA, ATV g b X AR 1 il A R AR — A TS 5 .

6 Ni5Hte

Hh ] VT R e DX pa i R 9 T AR AR BT [X o DA P — S F 7 R I T AN eV S S TE AT
B A AR FURE b I8 A x2S S RIS S o (H, DG TH ik e S gk
VIR 2T P RO AR R R R A R R AN Z WL, Sk, RSO ERL 2016 AR E
2 IRFFEETE iR A ], 04T T iR A R A LE R I B R 5, E R R P R
FEEIR 2R 715 AR 2016 A VL R H X B 2 o i SR A e A L T Re L o [EJ R, R T FRAT
Z T (Wang etal., 2017) FEFEBRBALREERRRTT, RHZNFME B TTNE, #E—EHA T
FAAHT T K PG PR 2R AR iR A I AT e Tk BRI R EESR R

(1) 2016 FHZ, HEILEMXAKET 2 RSN (FFgk 8 REL 1D @il F, 2 1k
EREE LS 22 R, RREERS TEIAE 1918~2016 fE P HESS 2 7 (ILIRTF 2013 4E). 7£ 2016
I 2 S SR A, PEORCP R R AR I T S s A, 2 5] R
TR R AR R R FESE 2 iR S, R e R B R AR Y, RS TR
SRR RN SR PSS, TR SIR R R m R S, SRR T SR RS i I A
RE.

(2)1E 2016 F 5 2= iy il S 5 A= 18], BRI K i o v 46 10 DXOH 2= B R A ZE T T ) Rossby
WA, P E AR IS R i 5 I O S DR R AR R e, R R i
PRI R A o, HH DR PG PRI IR S 5 AE 21T Y B BOPESG 5 T e R U A R E dERR I — A
HEFFE . M 2016 F i FARE, A KTGRELET T AR LR Bt s e i S R
(K1 AR E 1) Rossby I 51 45 1y LT R b X B I A HE AT ) 20 K.

(3) 2016 FFJIT S e i) Ay K PG Vo R A i e o 0 21 P RUBE B 1) T B2 I 22 A @A
o i8IS AT 1981~2016 2 IRFAF & sl R, b b EIRE B . & sl R 5
AN, BT R PE VTR Y BOPE IR S 3 THIR S AR T WO R UK H B AR E K] Rossby
WV, BEMRM R RS, A T R X (O RE S m R . A RS R EUR,
TX b AR R T Y R R ) B 1 398 5 5 2 e S LR A A G 7R (1 Rossby I8 71 45 1) LV R
X FREe b iR S o L B AR MR S TR 1 H 2, TR X AT R B e R A
PRI, 0 RV 99 O T S5 5 21 A PR 7 B e 3 P S v i b X R IR S vl AR e — A
HEFE S
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Wangetal. (2017) MIBFARAIRER, WFETFIRE, 4ekE 2 ZRMRGE R PE R i
3 R K Y ot DX R 2 [ S A U o o AR SCE LR A b, MRS 16 DR G Vot il 5 2R
PSR I A B2 R I T R R vl S i S R B AR, X E— D B T R R
JE b P P R PG PRI IR S S5 UL P i IR R R I AR PR X M R A R M RS R~ 3 45 R . AR
X PR A ROBE b 10 B 2 1 207t Ay L T o L X i S 1 T A 4L T R A 2R 2R, St
TR R R T — M 54 7.

THAN, BT RS R PR R R AR A SIS, T S R VL e e i A TR A
7 H AR T R AE B R A S BB B IR R R o DR, RO B R R ORCT
(5°S~5°N, 170°W~80°W, [ 5 BASEL AHE) FALEDEEECHEIX (10°N~25°N, 60°E~100°E,
Kl 5 BREFETE JTHED, HIE AT 1 B EE AN RSP i I R 2R IR ST R R e iR
TERIBER . EAIRE T ALENEE oG X (] 5) I I R ARPE (XIP- 43R it 0.3°C)
FEXs ML 9 YRR AE (1983, 1988, 1998, 2003-2. 2007, 2009, 2010, 2016-1. 2016-2,
WA 2) #ATE ST (B 10a). HARER, miEFEM GRS #1 20 K, J6EIEEFE N
X (80°E PAZR) I B JT46 tH I 2 & 3 W, iRl h A0 Fit il (70°E LAVE) BRMEIR 5 8 72
Em S RO AT 10 RS I 7 BB MM BMER SR, S34h, FEAL B RE IR w0
(¥1 9 SRS AE A, A 6 IR RIS 2 Ay 78 K P R AT B (1 i e A o S5 L 7 XL I,
AT P8 K 1P P 3 W VU S S IR 2 O B B P S i, T SHE B RS VIR B B A
JG 10 RAEA B HIbHEN, Wangetal. (2017) £EEFRAEL REE R BLAHHE K PG EER
S Al R RROIE KBl Rossby 8812 A, 34 AT 1 56 52 1 #4y E RS PEPR IR AR S8, JF i
i 7 P 77 4 X R X — LI TR N R BT st & A . 2 U, Wang et al.
(2017 $i H BYFAHT KPRy 7 0 48 bR AR A RURE B S e 3 [ B 077 4 X R 21 325 Gl T R 25
1, FEFEW R TR EAATE . 90k, 0 Tdad B PR e T X — I ARk, A
BT[] S8 J5 A A WBHEN, R ARIE TR — DR FUIRIE

Ak, 3T 16 IR A A Py o AROR P IR S R R, e 8 I T
NF=030°CHIAIFER RS, 5 IHBLKT 03 CIBRIFR TS (LE 2. Al W, HAhRAT
PEHRIR O R S I B B A, SRR 12t X BRI A« B2 57 8 L R iR A R
A ST HEAT R R . HE— 2D EE 16 Y il SR AT IR R RHE T R, B 8 IR AT
I T JE/R JEVEFAF 3RO F b JE PR AR AR B L, AT 1983 1988, 1998, 2007, 2010.
2011, 2016-1. 2016-2 FHfFo KX 8 YR ERL S0 B 1) KPRl 7 AT S R i KB, 1
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EREAE GRS A 20 K, R R RSP R A TR B (K 100D, [RI XFRE ALER
JEE T IR b X R 10 57 5 189 5 (18] 10a) o — 2L 75 (Hu et al., 2013; Chen and Zhou, 2017)
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Fig. 10  (a) Longitude-time Hovmoller diagram along 10°N—-25°N for sea surface temperature anomalies
(Units: “C), which is the composite of 9 heatwave events that corresponds to strongly warmer (>0.30 ‘C) anomalies
in the North Indian Ocean; (b) As in (a), but for that along 5°S—5°N for sea surface temperature anomalies
(Units: °C), which is the composite of 8 heatwave events that corresponds to the period of El Nifio decay and
transition to La Nifia in the tropical central-eastern Pacific. Oblique dashed lines indicate the composite anomalies
statistically significant at the 99% confidence level, and gray dashed horizontal line denotes the time middle point

for the period of heatwave events
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