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Analysis of Interdecadal Variation of Super Cyclonic Storms

over the North Indian Ocean in Autumn

LIU Longsheng XU Yinglong

National Meteorological Centre, Beijing 100081

Abstract: Based on the best-track data from Joint Typhoon Warning Center and ERA-interim 1°X1° reanal-
ysis data in 1979—2018, this paper investigates the activity characteristics of super cyclonic storms that are
formed over the North Indian Ocean in autumn. The results show that the number of super cyclonic storms
in autumn over the North Indian Ocean increased significantly after 1998. The average maximum potential
intensity (MPI) index of the North Indian Ocean in 1999 —2018 was higher than that in 1979—1998. Com-
pared with the conditions in 1979 —1998, the higher average sea surface temperature and ocean heat con-
tent in 1999 — 2018 provided favorable conditions for the formation and development of super cyclonic
storms. Moreover, weaker vertical wind shear, stronger water vapor flux and lower level cyclonic vorticity
transport promoted the sustained growth of cyclonic storm intensity.

Key words: North Indian Ocean, super cyclonic storm in autumn, interdecadal variation, sea surface tem-

perature, vertical wind shear
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W #E ¥ (intraseasonal oscillation, ISO) X} & il P 75
U 1Y AR R B R ) AE A (Kikuchi and Wang,
2010; Yanase et al,2010;2012) ,4—5 A% — & mdt
FEREIY 1SO fil R T i B vl 22 KU 8 & (Li K P et
al,2013) 33X 1E &2 IBL T U2 A2 BT 46 1% BR Y i
1 TSO IR JZ AL A7 o 19 7K P R0 9 B i 2% n 28 AR
S i) & B (Camargo et al, 2009; Kikuchi and
Wang,2010; Yanase et al,2010;2012), Li Z et al
(2013 WFSR 46, i INPL IS AE 4—5 H iy B o g o
5 AP SORER T REPE FE 10—11 A K. X2l T
] AL A% 7 1 1SO Ak i U PE 3 i 1 AR 8 & L
Lo FE 0 B8 K R AR R AT DA A AT A0 B B P R K
J&. 2008 4E 5 J1 2 H ., Mook e K2 9N K i A
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(Yanase et al,2010), “4H /R 75 8 7" 78 & i 2 51 &
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TE 21 {H20 4], UL 2] 1 42 3K P 347 1 i it B b T
R R XS T 1970—1998 45 [ P A2 Wi 9] A e s 22
(Xie and Kosaka, 2017) , 16 3 5 ] 8] . K <2 T0HB
(45 55 A SF #i5 5 AL A+ 48 JLF A ] ( Trenberth
et al,2014) , L W] HE A 3K 2 5 (10 58 & 2 15 28 19 5 |
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AR EAFAENEFE R (Yan et al,2016) , 30K F 50
T I R O A G TR IR Y e st — PR
M A S HE 19 3% 8, Singh et al (20005 2001) B 5%
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(10—12 J3) i JBE BT i 1% PR XU 2% 1% Bl A0 200 . % 1
2 i K B R X 2R B B R AR L R B i
Je 1) i Ui AR 1) B gl I 2% 2 3 PG R X R
MV KA RIE AR T —312.1979) . 2007 4F
11 A 15 H AL ED R ¥ 2 Ul KU B 78 (Sidr) 12
o [ Bl o 85 Bl B O BRI B R X 3R F 41 moe
s T3 G MY TR EE X W B KGO, i
4200 NFET- 8K B 32 H AR AR = AR BT 75 6 7 i
ZR P B B TRV R R SR A T P R 5 R il

3 KK BB K A F] 69.9 mm, R T Pi4E 11 A
FEK AR E , = P AR B e KR F WA 3] 50 em
(FEF#E5,2010), 2013 4£ 10 H 10—15 H, &1t
EJBE V8 e K22 2% AR (Phailing, A0 B B KR
JIR T2 moe s FE A PO M X KR A AR R R B
FIARHFES & Ky 118 mm, i 7 R F B K & ik
F) 191 mm(FEPREE, 2015 Mk A= %%, 2015) .
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G R A R] b 7 B O BT B R XU AR A L 5
W 1H] 12 & (sea surface temperature, SST) il 3 i ¥
SR FH RO A 399 K A4 o BB (ERA-Tnter-
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intensity, MPI) i 5 /v = (Bister and Emanuel,
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S N O « _ b
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A Vo 7R B E B RV AR 9 (B m e
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SXA AL RE CRAL:T « kg ).
WS & (ocean heat content, OHC) {824
K (Leipper and Volgenau,1972)
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T B R T 26 C F 90 Dl AZ o [ 8 IR (L
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Fig. 1

Variation trend (a, b), Morlet wavelet analysis (c, d), wavelet variance (e, ) and t test (g) of

super cyclonic storms from April to June (a, c, e) and October to December (b, d, D

over the North Indian Ocean during 1979—2018
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J. M Morlet /N 23 BT (0 25 R K & 90 5 0 B JEE
B e KB I A BEAE 4~ 10 a B[] RO B4 & 400
R ARG (B Lo o /NI T 25 10 PR 4 e X6 3
FHUE 4 a FIAES a 1Y JE I (&L Te) , 33 1k W XU 1) 35 3
BAFTES 4 a M8 a I EZ R, B F R IEN
R OB 2 I AE 3.9 FI 20 a FY ] R EE B SR
IR (B 1D L I FL/NE 7 2276 HE 20 a AR K
(1D A 31 R A O Bk 2 A B0 i = X2 B0t
FE 1979—2018 4F 1y 40 4F A B T — K 78 19 %
A INRK 2 9 STE 2R A LB T B o A G
(F 1)k FWUE L T 53X — £, 7E 1999 4 3 i 2%
GEt 0. 05 B EFMAKFRE B IER K. ikl i,
1979—2018 4EHI B (4—6 H ) b BN JIE 7 # 9¢<JiE R
G SO AR A W AR AL, TRk ZR (10—12 J1)
FR S WY S T T SORE B S B X R B 4
A R

3 BKZACED BTl 2 e A2 5 0
Z 1R 2 W

I 2 B L 0 T O R L 2 R D) AE | R R
£S5 A2 AE X108 B o R A 5 B A KRB B
PR Xof A A0 E 19 1% 3 HL A OC B 1 5% R (Grray
1968 ; Emanuel et al, 2013; Camargo, 2013; Kossin
et al, 2016 147 K25,2019) . ¥Rk ZALEN B %
AT XU 53 R R AR < AR AR O 20 4 (19791998
) FAE AR B IR 22 41 (19992018 4E) , 4F 4L B i 2
A SHE R T 45y 198804,199504,199607,
PR I 22 48 g0 e XU 1 4 5 Ol 199904,
199905, 200706, 201004, 201302, 201403, 201404,
201504,201505, 201703, 201806, Xf 4= A I 4 21> 4F
(19791998 4E) FAE A PR fi 22 4 (19992018 4F)
1Y KR BE PR 85 A 1 34T 6 O B 2 #

3.1 JKEBEREE(MPI)

MPI & Emanuel (1995) & H 19—~ 2 56 bR AL
H P TRl B v - T s L 3 ORI B AUKR IR S
OG5 i 5 HO AU e R T BE SR BE . AN
A BT ST T P SURE ) L I 5 SR RV A 8 R
)R 2 B, 22 39 728 R4 7 T RY 4 AR (Em-
anuel ,2000; Wing et al,2007 ; Zeng et al, 2007 ; Hol-
land and Bruyere, 2014; Kossin, 2015; Gilford et
al,2019) , 5 53R B MPT 48 505 #Hy AUIE 7 1 2 BF

5 26T BEAE 1K 3] 1 o R B BE AR R Y AR Ry T B
S A SCHE . Wing et al(2007) BHF5E T #4AH <iE
TETE R SEPRoR BE Z M AR PR G &R R B ETHE R Y
3R A S N N P e TR X T S v T I A
(1999—2018 4F) 5 4F A By i 2 4F (1979—1998 4F)
MPI ) 228 3 (& 2) , B A 1 R &6 43 165 38 MPT ¥y
RIEAE R RIEF] 6 m o s 1B B KR A L
Jo &R B BT R B BE Y AT RE MR R, N X BR R R
19992018 4 7 Bl hiz {71 ¥ A8 BRI & J R 1 4 A~
ESE R R L BLAE MPT IE 9 IX . T 7E i
FLIE LM (15°~20°N,80°~95°E) MPI £ Bl Ky i 7
X R T T 24 9 R I I (B 300, IR AR
FRBR R 22 41 7 A 9 A XU 5 AR I 20 4F 1Y
3 AN e IR S e 26 1 B o TR v b ) MPT
S DX HE T R R 3K 3 e Ko B 2
BAB K B 0] 28 ) MPT IE 58 DX 30, iX L 46 7R & e 4
Ry XA R IR B TR B

3.2 EWEREMSEASE

WFFE W . SST KT 26 C & HaHr e & B 1 ok
(1 2 B4 1F (Gray . 1968) , I H #AHT S 1 5 K AJ
AEHR JE 5 SST % & % ¥ (Holland and Bruyere,
2014 ; Strazzo et al, 2015), 87 % (1 $4 1% S € & 1T
SST #m (27 ~29 C) i I8 I 5 B2 4 58 %8 fie K ok i
(Baik and Paek,1998) . Fk 2= 4k ED B 3 76 4FAX Fr
AR (I 3a) FAE A B (i 22 48 (18] 3b) A= Y 2 <
Ji@ KB HR H BUAE - 45 SST & T 28 C iy ifg sk, - A B
(B TR (&R Il | E VRN N el S e )
SST & T 29 C iy AK X X Sy Fuily RUaR A 0T & R
F RSB T R GF I 25 4 5 TN AR AR PR
ZAEFAEAR R A 4F SST 22 {83 (K 30) K F . b
EJJ 32 R U A 7 A I 4 R 1) 22 B30 [ #8457
T SST IE 54 X8k

AL OHC X #4565 /Y 52 i s 3 56
FE . 90 V0 I BHE e o 58 1 v B T8 U R R O 3 O
K ¥ (Oropeza and Raga, 2015), FJZ OHC ## Xk
Xof R AU R K R SR T AR CE SR BAE
2018347 55, 2019) , 2008 AR b B B ¥ B 4 i X
F U0 7R A 4 e AT TR DR A5t AE R T2 TR
JEL R 1 R R 6 2 (Lin et al, 2009 ; Maneesha et al,
2012) . Rl AT XU 5 2R Jie T Ok 1Y iR XU AT TR
GRS R ERJE LR TR K LR 2T T B SST I
(Hart, 2011) , JX A H - £ U5 58 32 10 55 2238 1<
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Fig. 2 Difference field (contour, unit; m+ s ') of MPI between years (1999—2018) with more
super cyclonic storms and years (1979—1998) with fewer in autumn over the North Indian Ocean
(Solid dots and cyclone symbols indicate the location of storm generation and extreme intensity respectively;
blue line is for years with more super cyclonic storms and green line for years with fewer super cloclonic storms;

gray shadows indicate having passed the significance test at 0. 05 level; same as below)
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Fig. 3 The average SST (a, b) and OHC (d, e) in (a, d) years with fewer super
cyclonic storms (1979—1998) and (b, e) years with more (1999—2018) over the North Indian Ocean

in autumn and the differences of SST (¢, unit: C) and OHC (f, unit: kJ * em %) between them
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3.3 850 hPaim/E

M 850 hPa i3 55 K » AR AU FR g 2 4F (] 4a)
Jb B i B 37 ) R AEL P VS 1] 2R A BTz A1 T 3
LY FEEAPATE 57~ 15N, X 5 e v XU 37 AH
XoF I A= P A T DA T T R K R o B S 8 5
TR RMEX . FEAER 2 4F (K 4b) , LLEp B
5 Ay ARG A B RE v S R B AOE R B O T
F189 AL o DA RT3 A1 9 — L SEE i 38 ot i B2V L 5 4R
FBR i D 4E AR He BT 5 (L 4c) o B iz 47 ¥ 0 o iz
VA T BT L BT AP AR S R, 10°N LR AR
25 B S SV AL XA R TR 7 AR B R Y AU
W B (Kikuchi et al,2009) , Felton et al(2013) f#f
FEALTE H o 0LV AR Z 26 1) XURS 4 5 2 it 1 Ah Y
A WER MR . I SEBREE LR E | AR Pr I
ZAE AR PR /0 48 T BE 22 (3 L IEAE o 32, 7E BT
FLAFTE PG AR A 0B 1 PE AL A A — A W IR
3R TG S B OE T8 BE SR AR 2 AU MR B
o, AR 1999—2018 4F 8 2 Ve MU 2% A 4L
W2 nEEE N,

3.4 KRFEH

F R X 8 T I B JRE i R IR R ) 2
Mk B B2 E M (Yanase et al, 2012; Li Z et
al,2013) ,  J2 A0 B 38 R0 A A T X0 3t 1 & AR
FE OB L. 72 4R AR BRI 20 48 (18 520 4R A PR
fiis 22 45 (181 5b) , P XU 28 910 AR A 43 B AH A 8L
Hh 2 R OO R R e A X [ I i B AR A i 2
AE S AR fi A2 4F 600 hPa A1 X B A9 22 (6 B 78 b
E[VRE PR O IE (B S0 o FAGHE XU AR BRI & R 1Y) B Be
A& ELF R S XA A TN R RS AR
BT UL » X8 T G- A7 PR XU 19 X 0 0% 3l H AT
W L YR HE B R RER A R A
U Y AR IR K R o S v A R R A K Y %
i 5 SR AE AR i 22 4F 5 4 AU B fi 20 4F 3 18T 21 600
hPa JK P58 1 R 19 22 B 5 (B 6) % B . A B 42 41
T VU P LA B o T 725 S i A 3 (i 0. 05
PP 36D B I AR X Hh O i R AEL A 0 o 17
kgem e s VRN 14 kg e m e s TX AL X
R 2 2 R R B B, B 19992018 4 B 3 Y
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Fig. 4 The 850 hPa average relative vorticity (unit: 10" ° s™') in (a) years with fewer super
cyclonic storms (1979—1998) and (b) years with more (1999—2018) over the North Indian Ocean

in autumn and (c) the difference (unit; 10~ ° s~ ') between them (vector: wind)
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Fig. 5 Same as Fig. 4, but for 600 hPa relative humidity (unit: %)
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3.5 EENYZE

A XY AE X b B TR B XU 1 2 RN K
LA T 294 F (Camargo et al,2007) .33 K
A 1Y) AE S ] G XU T R & R (Lt Z
et al,2013) B /IN W 20 B8 XU T B 1) 2% 2 AT AS0e
SR A FI R 2 (R 45, 2012) . 4R AR B 20 4F 2k
S 3 AN R e KR R S 7E V- 2 3 A B AE N
10 m e« s ' By (B 7a), 3 H 76 KR 18] 75 Jb 5% fh
A6 77 1 B8 2 1) i B % W B Al T X\ B AR s A B
AR 20 m « s, BRI 24 (K 7h) .
e Y RE P 5 S A% T8 A0 6 8l XLV AR B KL B K
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(P 7o) o (H 78 H & 8 T it By B #4 J2 # ~7 7 7 ¥ 1
B AREE 15 me s WSS F. EE

PLVE A L 7 A8 e X 7 A XU ) AR 1Y
S DX 0 HR A o R T b0 2 B R
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B 2l 1) S R 5 3 1) & e T 43 A Fl L X 5 Felton
et al(2013) B 4518 AR H AHIT .
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Fig. 6 Difference field (unit: kg * m™

1

esh

+ s ') of water vapor flux integrated

from surface to 600 hPa between years with more super cyclonic storms

and years with fewer over the North Indian Ocean in autumn
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Fig. 7 Same as Fig. 4. but for vertical wind shear between 200 hPa and 850 hPa (unit: m * s ")
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