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Influences of MJO on the Genesis of Tropical Cyclones and Their Environments over the Indian
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Synopsis
The Madden-Julian Oscillation (MJO) is the most dominant mode of the
intra-seasonal variations of the tropic atmosphere. MJO has significant impacts on the

weather and climate phenomena not only in the tropics but also in the extra-tropical

regions. Moreover, the generation and development of tropical cyclones (TCs) would be
affected by MJO. The present study focuses on the influences of MJO on TC genesis in
the Indian Ocean and conducts the statistical analysis using the 33-year atmospheric
re-analysis dataset. We divide the 33 years into MJO active years and MJO non-active

years and compare the characteristics between the two categories. From the comparison,

the environmental condition for TC genesis in the active year shows more suitable for

the TC genesis than that in the non-active year. The result of the present study indicates
that there are significant impacts of MJO activity besides El Nifio/La Nifia and Southern
Oscillation (ENSO) on the inter-annual variation of TC genesis.
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Table 1 Definitions of MJO active/non-active years and
El Nino/La Nina years.

MIJO active MJO non-active El Nino La Nina
1979 1980 1982 1983
1982 1981 1986 1984
1984 1985 1987 1988
1987 1988 1991 1995
1993 1991 1997 1999
1994 1992 1997 1999
1999 1995 2002 2000
2000 1998 2004 2005
2002 2004 2006 2007
2008 2005 2009 2010
2011 2010 2011

2.2 WOEHFLEBTRFDER

R A 7 — LB W TMIODTCHE L~ D
WA D 02, MIO Index % W THENT HIRE O
BENHMIOIERE L IFIEHFE LR, EEF LI
1HFEAE O 580 % el L 72, Wheller and Hendon (2004)
T, L FRERE AN E R REE AV TE
RN 24T 5 2 L 12K 0, MJO Phase & 2+ 2 7=
8 Dreal-time multivariate MJO series 1 (RMM1) &
series 2 (RMM2)MN E % &7z, MJO Index/ZRMM1 &

RMM27%> 572 H A FHZE CRBL S D . Fig. 11X
2002 D1I0H ~12H OFT X TD HIZ2WT, RMMI
ERMM2OZERIICE N Ty FERTWD. MIOD
PRIEIZRMMI1 D 2 & L RMM2D 2 =D FIDFEFH R T
FEN, MAEZEBNICEWTIERON S O HEEE —
9 %. PhaselH HPhase8iIHE L EOMIODFHEE L
TWAALE % EMT 5. il 2 1XPhase2  Phase3 D ZE[H
PIZER 7 a v b &5 BIEMIOW X % xtiiiGEh s
TEFE IR REIR S A > REEICAE(E L, Phase4 « Phase5 Tl
YRS B 23 TG 58 72 BE Ik 3 v KPR ICFETE T 5. A5
TIIMIOTEFA: - FETEFRE AR D DRI A > REEN
DK O TMIONF 3 L TV A MJO Phase T
% % Phase2 + Phase3 * Phase4 * Phase5D 4 > D 7 = —
REHWS. £72, 10H~12A1ZMIODHEE N & —
JIWZRABERHTHY, RIFFIZA > REIZBIT 2 TCH
Ao —7 OFHTHLHHH, AL TIXI0H
~12H WO EMICERTSH. £, 10A~12H X
CINDY201 1 OB CTH H bV, CINDY2011 OFF
WAETRTERTHI0H~12AIZEB T2 0O H4E
ThHD.

2002
n . .
Phase 7 Phase 6
o o]
2 E e ;g:
[ e e 9
o
[l »
\\
o by x
g 0
|
A \
Vs A
{ ] ) I /..‘
- 'y ~ g
T 7
2 E N S g
\\- /, &~
N _a”
Phase 2 Phase 3
-4 T T
~ -2 0 2 4
RMM]1

Fig. 1 MJO index in the RMM phase space for 2002.
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Fig. 2 Mean GPI (color shaded) and the locations of TC
genesis (dots) during the 33 years for (a) JFM, (b) AMJ,
(c) JAS, and (d) OND.
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Fig. 3 Monthly means of GPI (solid line) and the number
of TC genesis (read bar) over (a) the northwestern Indian
Ocean (NWI), (b) the northeastern IO (NEI), (c) the
southwestern 10 (SWI), and (d) the southeastern IO
(SEI). Correlation coefficient (r) between TC number
and GPI is indicated in the lower right of each panel.
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Table 2 Means of the number of TC genesis, GPI, and
the GPI terms in October-November-December during
the 33 years for NWI, NEI, SWI, and SEI. RH, VS,
VOR, and o indicate terms related to relative humidity,
vertical shear, vorticity, and vertical p-velocity.

NWI NEI SWI SEI
Number 0.67 2.12 1.39 1.64
GPI 2.68 6.70 3.29 3.38
RH 1.27 1.95 1.49 1.47
A 0.21 0.23 0.21 0.22
VOR 5.44 5.68 5.60 5.41
MPI 1.04 1.20 0.80 0.81
® 1.00 1.35 1.10 1.15
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Fig. 4 The same as Fig. 3, except for the annual means.
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Fig. 5 GPI anomaly from the 33-year October-
November-December means for (a) MJO active years,
(b) MJO non-active years, (c) El Nino years, (d) La
Nina years, and (e) the year 2011 (i.e., CINDY2011
period).
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Fig. 6 The same as Fig. 5, except for SST anomaly.
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Fig. 7 Contributions to the GPI anomaly from (a) relative
humidity, (b) vertical shear, (c) vertical vorticity, (d)
MPI, and (e) vertical velocity for the MJO active years.
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(b) GPI anomaly for varying vertical shear
N : T ; : :

AQE BOE 80E 100E  120E  140E  180E 180 160W  140W  120W  100W

[ [
-0.5-04-03-02-01 0 0.1

0.2 03 04 05

(©) GPI anomaly for varying vorticity
SN \,M) . 7 g i g g g ’QA‘
20N TH . |
Vee .
10N -

EQ

S
5”7’:

“3 BOE 80E 100E  120E  140E  180E 180 160W 140w  120W  100W

FEE

[ [ [ 1
-05-04-03-02-01 0 0.1 02 03 04 05

(d) GPl anomaly for varying MPI
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Fig. 8 The same as Fig. 7, except for the MJO non-active
years.

Table 3 Correlation coefficients between the spatial distribution of GPI anomaly and the contributions from
each GPI term for the MJO active and the non-active years.

RH VS VOR MPI ®
MIJO active 0.72 0.51 0.37 0.43 0.75
MIJO non-active 0.71 0.28 0.49 0.15 0.69
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Fig. 9 Time-longitude diagram of relative humidity and
vertical p-velocity averaged between 20S-20N for (a) (b)
the 1988 case and (c) (d) 2002 case.
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Fig. 10 Percentages of the number of TC genesis in each
phase against the total TC number for (a) the MJO active
year and (b) the MJO non-active year.
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Fig. 11 The locations of TC genesis and the GPI anomaly
for (a) the active year and (b) the non-active year. The
digits in each ocean area indicate the total number of TC
genesis in each area.
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Table 4 Correlation coefficients between the GPI
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number of days of the MJO active phase and between
the GPI anomaly and ONI. Asterisks indicate that the
values are statistically significant at the 95-%
confidence level.

NWI NEI SWI SEI
MJO 0.45% 0.20 0.45% -0.11
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Fig. 12 GPI anomaly (bar), the number of days of the
active phase of MJO (triangle), and ONI (square) for all
the MJO active years.
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