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> Interannual variability
v Seasonal cycle of the Indian Ocean
v Working with « anomalies »
v Evidence of climate interannual variability

> Main drivers of the interannual variability
v ENSO, IOD, SIOD
v Regional climate response

> Focus on TC activity
v Interannual variability no the SWIO TC activity
v Impact based approach

> Seasonal forecast applications at regional scale
v SWIOCOF activity
v TC outlook mini-forum

2/45



E X
REPUBLIQUE [ O

rancase I OQutline

Lgalité ) FRANCE

Fraternité

> Interannual variability

Seasonal cycle of the Indian Ocean
Working with « anomalies »

Evidence of climate interannual variability
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rancase WM What is interannual variability ?

>

FRANCE

Year to year variation of a specifc climat index, pattern.

The identification of interannual variability based on the measured anomaly
with respect to a climatic reference (normal values, average seasonal cycle,
etc.).

Interannual variability is generally assimilated to so-called "low-frequency"
variability modes. Most of the time, this low-frequency signal is embedded in
higher-frequency variations (intra-seasonal or sub-seasonal variability, or
even day to day variability).
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rancase WO \Why are we looking at interannual variability?

FRANCE

|dentifying and understanding the modes of variability (drivers) that drive this
variability makes it possible to :

» establish a "context" or "background landscape" for the analysis of a
given weather or climate situation,

» anticipate possible climatic anomalies (seasonal or sub-seasonal
forecasts) when these drivers are predictable. These are known as
sources of predictability
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»  On a climate scale, we mostly reason in terms of anomalies with respect to an average value or
configuration.

>  For seasonal forecast or monitorting, the standard scale is the quater (JFM, AMJ, JAS, OND...)
>  Example : 850 hpa wind (OND quater)

ERA5 Wind 850 Avg. : OND ERAS5 850hPa Wind anomaly : OND 2019
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Working with « anomalies »

> U850 (box 50E/90E/5N/5S) from 2015 to 2023

> Black line : climatology

>

>

Blue line : 7 days averaged rolling period
Red line : 90 days averaged rolling period

U850 moyenne 90j

Boite S0E/BOE/SN/5S

janv-2015 —

janv-2016 -

janv-2017 —

jan-2018

janv-2019 -

janv-2020 -

jame-2021

janv-2022

jame-2023
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> Main drivers of the interannual variability
ENSO, 10D, SIOD
Regional climate response
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ntvoriove BRG Pacific Ocean: main driver of the global climate
FZ?NCAISE METEO

Interannual variability at interannual

ERAS SST Avg. : OND
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Oceanic Nifio Index (ONI)
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ENSO : El Nino Southern Oscillation
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. Latitude
5 <

Rervenau: BCH ENSO : El Nifio Southern Oscillation
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Oceanic Nifio Index (ONI)

https://origin.cpc.ncep.noaa.gov/products/analysi

is_monitoring/ensostul

ONI_v5.php
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EA.CAQS wa ENSO : El Nino Southern Oscillation

Liverte FRANCE
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Fraternité

Atmpospheric signature (response) : SOI index (Southern Oscillation Index)
Standardized anomaly on the mean sea level pressure difference between Tahiti et

ERAS STAND. ANO. : PMER DJF ENSO+

1982 - 1986 - 1987 - 1991 - 1994 - 1997 - 2002 - 2006 - 2009 - 2015 - 2018

Southern Oscillation Index - monthly
30

20

SOI = MSLP tahiti — MSLP darwin

-20

-30
I I I I I I I I I I
2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 12/45




rercaiou: ICIS ENSO : El Niiho Southern Oscillation

> Coupled variability mode (Ocean-Atmosphere couplind process).
» Heat content charging-discharging of the warm pool

Normal situation >  El Nifo
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Le phénomene «EL Nifio » et ses conséquences
. Plus humide ~ Plus sec

Davantage Eaux chaudes
de précipitations au niveau de l'équateur
que la normale. dans l'est de l'océan Pacifique.

Océan

Pacifique m

Océan . O
AIIMIEQHE W : |.-".' i3 Dcé_;ﬂn AL M- | 4 f;"..:.:'_. ;
b L Indien Juillet & i' il

Températures
plus chaudes

que la normale

Eaux plus froides
et temps sec en sur U'ouest
Australie, Indonésie du continent
dans l'ouest et dans le sud des sud-américain.
de l'océan Indien.  |Philippines.

Source OMM VISACTU WA

Le phénoméne El Nino et ses conséquences @ Visactu

Fortes pluies
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“m ENSO+ : El Niiio vs La Nina
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ERAS STAND. ANO. : TCWV DJF ENSO+ El Nina
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IOD : Indian Ocean Dipole

Equator Equalar

ErE T o -

Equator [4-5T 415 F
|nr|l| LN
Indian COcean Dipole (10D): Nepgative phase Indian Ccaan Dipele (1OD): Positive phasa
1@ Commormealth of Austraia 2013 @ [ewrorsant 5 fanrss 1]

> Mode de variabilité couplé Océan-Atmosphere
> Des liens avec 'ENSO (IOD+/EIl Nifio — I0OD-/La Niia)

> Actif principalement durant le deuxieme semestre de I'année
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Oscillation modes of the Indian Ocean

IOD

: Indian Ocean Dipole

20

10

-10

-20

-30

ACP EOF 2 : SST JAS (14.5 %)

40

60

80

T
100

T
120

PC time serie from 1979 to 2022
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deg.C

DMI = SST anomaly WTIO box — SST anomaly SETIO box

(NOAA_DI_SST_V2 data - http:/fwww.esrl noas gov/psdd)

Indice 10D
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15

~ Equatorial westerlies weakened or reversed

o5 » Lower level convergence and vorticity diminished in
the NET over the eastern part of the basin

- 0.0

' .s -~ Subtropical high and trade winds weakened

<0 > Humid conditions over the western Indian Ocean
basin

-15
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Regional atmospheric response 10D -
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Reinforced equatorial westerlies

Lower level convergence et vorticity strengthened
within the NET over the eastern part of the basin

Subtropical high reinnforced
Reinforced trade winds
Dry conditions over the western Indian Ocean basin
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ol Oscillation modes of the Indian Ocean

IOD : Indian Ocean Dipole

Ocean-Atmosphere coupling
U850 (Equatorial box) vs DMI (Oceanic Index)
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‘A'CQS B Oscillation modes of the Indian Ocean

FRANCE SIOD : Subtropical Indian Ocean Dipole

ACP EOF 2 : SSTNDJ (12.6 %) PC time serie from 1979 to 2022

||||||||||||||||||||||||||||||||||||||||||||
mmmmmmmmmmmmmmmmmmmmmm

SIOD index = SST anom SIOD1 box — SST anom SIOD2 box

Indice SIOD

deg.C
0

1982
1987
1992
1997 A
2002
2007
2012
2017 H
2022
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20 40 60 80 100

1992 - 1998 - 2005 - 2010 - 2016 - 2022

15

10

— 05

— 0.0

-1.0

-1.5

ERAS5 STAND. ANO. : TCWV DJF SIOD+

50
v
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~ Stengthened subtropical high

> Dry and cool air advected with the prefered area of

cyclogenesis

> Wet conditions over the South-West of the region
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> Dry conditions over the South-West part of the

region

~ Weakened subtropical high

~ Warm and humid air advected from equatorial
regions in the central part of the basin.
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> Focus on TC activity
Interannual variability no the SWIO TC activity
Impact based approach
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Interannual variability of SWIO basin TC activity

Tropical storms- Tropical cyclones Intense tropical Very intense

cyclones > 63kt cyclones tropical cyclones

> 33kt > 89kt > 115kt
Average annual Q9 8 51 3,3 0,7

numbers

Ratio 100 % 52 % 34 % 7 %

16— ST o R ¥ o N S NS 12 B i S N === i
NOMBRE DE TEMPETES ET CYCLONES (Bassin Sud-Ouest de I'océan Indien)
Variabilité interannuelle
14 |
Tempétes m Cyclones %
5

124= :
10 = H ! . 1 e

5 5

4 6 6

] %] =4 [=)] [w.s]
19811922 NN =~
19821983 SN = |
19831984 NN <
19841985 I o
19851986 |GG o
19861987 SEE " ©
19871928 NI

L |

19891990 |G -
19901991 |G
19911992 NN o
19921993 EEEEEIE %
19941995 NG

I =) I w

; —
19971998 =N T
19981999 N e
19992000 EEEECIEE o
20002001 IS
20012002 |

: . —

20032004 S I
20042005 LIS o
20052006 I

I I w
20072008 N
20082009 N : &
20092010 s
20102011 [EESEE = \
20112012 P o

: ~J LeX]
20132014 [N o
20142015 | o
20152016 (NI
20162017 [

"

20152020 | >
20202021 | <

I ~J

20022003

20062007 |

19881989 |
19931994
19951996
19961997
20122013
20172018
20182019



rervsLioue RO Interannual variability with repect to impacts on inhabited
FRANGAISE [T

Liberté
Egalité FRANCE are as
Fraternité

about 4.5 impacts/year

RODRIGUES
REU-MRU o 0 4
Y
Number of impacts on inhabited territories T

8] £y

MOZAMBIQUE_COAST
e ® MADA_WEST_COAST
= MADA_EAST COAST
m REU-MRU
® RODRIGUES
8- .
6 ‘ | |
& A o 2 "J o A
SESSESIIISSE s
N Y Y

@W &’%%’%’% FELELEEESES 28/45

yclonic seasons




Track classe :

Interannual variability with repect to impacts on inhabited areas
TC tracks classification

111 (1986-2022)

Track classe : 212 (1986-2022)

Classification of tracks with
respect to :

- start longitude (box 1,2,3)
- min longitude (box 1,2,3)
- max longitude (box 1,2,3)

with

Vmax = 34kt (10 minutes avg wind)
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Interannual variability with repect to impacts on inhabited areas
TC tracks classification

'EH:] RODRIGUES REU-MRLU MADA_EAST _COAST MADA_WEST_COAST MOZANBIQUE_COAST COM-MYT
111 0 0 12.8 61 63,6 E
212 6.7 54 | & ] 39 27.3 25
222 26,7 70,3 6.4 0 0 0
223 6.7 5.4 0 0 0 0
313 0 5.4 10.6 0 9.1 0
323 60 135 21 0 0 0
333 0 0 0 0 0 0

e Fon enst Jor
S MARA WS G AS
I y

P

4

>
/ i
BIQUE COAST

Track classe : 212 (1986-2022)

e >
bl S box 1 box 2 box 3

= = o
X C e

—3 2& ~ s o 2, .
- \.\ = Z V
/'( o

30°E 45°E 60°E 75°E S0°E

30




Interannual variability with repect to impacts on inhabited areas

TC tracks classification

'EH:] RODRIGUES REU-MRLU MADA_EAST _COAST MADA_WEST_COAST MOZANBIQUE_COAST COM-MYT
111 0 0 12.8 61 63,6 E
212 6.7 54 68,1 39 273 25
222 26.7 6.4 0 0 0
223 6.7 5 4 0 0 0 0
313 0 54 106 0 9.1 0
323 60 135 21 0 0 0
333 0 0 0 0 0 0
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Interannual variability with repect to impacts on inhabited areas

TC tracks classification

111
212
222
223
313
323
333

RODRIGUES REU-MRU MADA_EAST_COAST MADA_WEST_COAST MOZAMBIQUE_COAST COM-MYT
0 0 12,8 I G 1 I G . 7 E
6,7 5,4 68,1 39 27,3 25
26,7 70,3 6,4 0 0 0
6,7 5,4 0 0 0 0
0 5,4 10,6 0 9,1 0
60 13,5 2,1 0 0 0
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Track classe : 111 (1986-2022)
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EN
REPUBLIQUE
FRANCAISE

Liberté
Egalité
Fraternité

METEO
FRANCE

Climate conf. Number of Weeks Probability % Anomaly %
ALL 641 45,7 0
NINA 139 42.4 -3,3
NINO 134 43,3 -2,4
SIOD+ 114 36,8 -8,9
NINA - SIOD+ 32 28,1 -17,6
NINA - 10D-SIOD

Neutral 89 44.9 -0,8
NINO - SIOD- 33 45,5 -0,2
NINO - I10D-SIOD

Neutral 71 38 -7,7
ENSOneutral - SIOD+ 66 37,9 -7,8
ENSOneutral - SIOD- 62 56,5 10,8
IOD- 39 59 13,3
All Neutral 223 48,4 2,7

o Modulation of the probability to observe an active system
from december to march (core of the season)
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rerusucu: (RO Modulation of the probability to observe an active system

FRANGAISE [T

inal from october to january (first half of the season)
Climate conf. Number of Weeks Probability % Anomaly %
ALL 650 27,5 0
NINA 183 23,6 -4
NINO 151 25,8 -1,7
SIOD- 83 41 13,5
SIOD+ 110 24,5 -3
NINA - SIOD+ 36 19,4 8,1

NINA - 10D-SIOD
Neutral 104 29.8 2.3

NINO - I0D-SIOD

Neutral 83 24,1 -3,4
ENSOneutral - SIOD+ 53 20,8 -6,7
ENSOneutral - SIOD- 38 55,3 27,8
I0D- 72 13,9 -13,6
IOD+ 63 14,3 -13,2
NINO - 10D+ 40 12,5 -15
ENSOneutral - IOD- 39 23,1 -4.4
All Neutral 183 48,4 20,9
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EN
REPUBLIQUE
FRANCAISE

Liberté
Egalité
Fraternité

METEO
FRANCE

Climate conf. Number of Weeks Probability % Anomaly %
ALL 636 30,7 0
NINA 89 34,8 4.1
SIOD+ 69 43,5 12,8
NINA - IOD-SIOD

Neutral 60 33,3 2.6
NINO - IOD-SIOD

Neutral 56 30,4 -0,3
ENSOneutral - SIOD+ 56 44,6 13,9
ENSOneutral - SIOD- 61 29,5 -1,2
IOD+ 36 13,9 -16,8
ENSOneutral - IOD+ 31 6,5 -24,2
ENSOneutral - I0D- 30 30 -0,7
All Neutral 286 26,6 -4,1

ol Modulation of the probability to observe an active system
from february to april (second half of the season)
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season (December to March). Proportions are expressed in %
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Risk modulation with respect to the climate

Territories with
reduced risk

Mozambique
Mayotte-Comores
Reunion-Maurice

Reunion-Maurice

Mozambique
Madagascar cote
ouest

NINO NINA SIOD- SIOD+
Territories with Rodriaues Madagascar Reunion-Maurice Mozambique
increased risk g Mozambique Mayotte-Comores
Madagascar

Madagascar cote est

Reunion-Maurice

NINO/SIOD- NINA/SIOD+ I0D- IOD+
Territories with Rodrigues Reunion-Maurice Mozambique
increased risk Reunion-Maurice Mayotte-Comores
o _ Madagascar
Terrltorles_ with Mozambique All SwiIo Mayotte-Comores All SWIO territories
reduced risk Mayotte-Comores territories Mozambique
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> Seasonal forecast applications at regional scale
v SWIOCOF activity
v TC outlook mini-forum
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