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South\Westlndian ocean tropic&ycloneExperiment
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Introduction

There is increasing evidence that the climate aghng on
a global scale and consequently it is importamhomitor
changes imegionalandglobal patterns of changes in
atmospheric characteristics, in particular tempeeaind
moisture vertical profiles.

The most destructive climatological hazards sucinogscal
cyclones are temperature-sensitive weather phenra e
there is a possibility of increase In their activrt warmer
climate.



Introduction

Tropical cyclones (TCs) are the most dangerous and
damaging weather phenomena to regularly affecttabas
communities.

The year-to-year impact varies, and historical régo
demonstrate significant interannual variabilityTi@
frequency and spatial distribution of TC tracks.

Additionally, the climate is changing on a globahle
(IPCC 2007) and it is important to understand how a
warmer climate may affect TC activity.



TC Tracy, Darwin, Australia, 1974

71 direct fatalities

$5 billion (2009 USD) in damage



TC Tracy, Darwin, Australia, 1974

*70% of Darwin’s buildings were destroyed
*Tracywas described as “disaster of the first magnitude ...
without parallel in Australia’s history”.



TC Katrina, USA, 2005

At least 1,836 people lost their lives in Hurricdegtrina and in

the subsequent floods (and 705 missing), makitigeideadliest
U.S. hurricane.

The storm is estimated to have been responsibleg@16
billion (2009 USD) in damage, making it the costliaatural
disaster in U.S. history.



Tropical Cyclones in the Northern and
Southern Hemispheres

The World Meteorological Organization (WMO) Tropica
Cyclone Programme has established areas of re§uangor
tropical cyclone warning which extend across tlygareal bodies
and also extend across the ocean basins.



Climate Change and Tropical Cyclones In
the Indian Ocean

The First International Conference on
Indian Ocean Tropical Cyclones and
Climate Change (Muscat, Oman,
March 2009)

In Climate Change 200the IPCC
AR4, a high probability of major
changes in tropical cyclone activity

across the various ocean basins Is
highlighted.

The Indian Ocean including the
Arabian Sea and the Bay of Bengal are
of particular concern because of the
high population density along their
coastlines.



TC Bhola, 1970

November 1970, East
Pakistan (now Bangladesh)
and West Bengal, India

The deadliest tropical
cyclone ever recorded

Up to 500,000 people lost
their lives

Damage $480 million
(2009 USD)



TC Gonu, Oman, 2007

*The strongest tropical cyclone
on record in the Arabian Sea

June 5 - made landfall on the
coast of Oman with winds of
150 km/h

*Nearly 50 fatalities in Oman
and caused about $4 billion in
damage

TC Gonu was considered the
nation's worst natural disaster.



TC Indlala, Madagascar, 2007

*The most deadly and devastating
cyclone of the 2006/07 season

March 15 - made landfall on the
Masoala Peninsula, north-eastern
part of Madagascar with winds of
up to 200 km/h

150 fatalities in Madagascar,
126 people were also reported
missing, and 125,000 people
were directly affected by the
storm.

eDamage totalled to $240 million



Climate Change and Tropical Cyclones

Climate Change 200 AR4, IPCC:

There has been an increase in hurricane intemsttyel
North Atlantic since the 1970s, and that increamseetates
with increases in sea surface temperature

There is no clear trend in the number of hurricanes

Other regions appear to have experienced increased
hurricane intensity as well



Climate Change and Tropical Cyclones in the
Southern Hemispher@@roject

Current status

Best track tropical cyclone data from the National
Meteorological and Hydrological Services for 1969/7
to 2006/07 tropical cyclone seasons were obtaindd a
verified.

A specialised website for disseminating results @atta
"Tropical Cyclones in the Southern Hemisphere" was

established.



Tropical cyclone website for the Southern
Hemisphere



Southern Hemisphere Tropical Cyclone
Climatology
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Southern Hemisphere Tropical Cyclone

Climatology
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Southern Hemisphere

Climatology —

ropical Cyclone
cont.

El Nifo

La Nina

TC tracks in the South Indian Ocean from 1969/7205/06 TC seasons



Southern Hemisphere

Climatology —

ropical Cyclone
cont.

Geographical distribution of tropical cyclogenesignts over
the South Indian Ocean for the period 1969-2006

Y. Kuleshov, F. Chane-Ming, L. Qi, I. Chouaibou, C. Hoareau and F. Roux, 2009: Tropical cyclone genesis
in the Southern Hemisphere and its relationship with the ENSO. Annales Geophysicae



Southern Hemisphere

ropical Cyclone

Climatology

~85E

El Nino

Composite anomalies
of the average annual
number of tropical
cyclogenesis in the
South Indian Ocean

La Nifa

Y. Kuleshov, F. Chane-Ming, L. Qi, I. Chouaibou, C. Hoareau and F. Roux, 2009: Tropical cyclone genesis
in the Southern Hemisphere and its relationship with the ENSO. Annales Geophysicae



Southern Hemisphere Tropical Cyclone
Climatology

El Nino
TC hours

La Nifa



Southern Hemisphere Tropical Cyclones

Annual numbers of TCs with LMCP 885 hPaor lower for the SH (squares, right
axis), SIO (diamonds, left axis), SPO (circleshtigxis) and AR (triangles, left axis),
1981/82 to 2006/07 seasons, with linear trends.

Y. Kuleshov, R. Fawcett, L. Qi, B. Trewin, D. Jones, J. McBride and H. Ramsay, 2009: Trends in tropical
cyclones in the South Indian Ocean and the South Pacific Ocean. J. Geophys. Res.



Southern Hemisphere Tropical Cyclones

Annual numbers of TCs with LMCP 6f70 hPaor lower for the SH (squares, right
axis), SIO (diamonds, left axis), SPO (circleshtigxis) and AR (triangles, left axis),
1981/82 to 2006/07 seasons, with linear trends.

Y. Kuleshov, R. Fawcett, L. Qi, B. Trewin, D. Jones, J. McBride and H. Ramsay, 2009: Trends in tropical
cyclones in the South Indian Ocean and the South Pacific Ocean. J. Geophys. Res.



Southern Hemisphere Tropical Cyclones

Annual numbers of TCs with LMCP 860 hPaor lower for the SH (squares, right
axis), SIO (diamonds, left axis), SPO (circleshtigxis) and AR (triangles, left axis),
1981/82 to 2006/07 seasons, with linear trends.

Y. Kuleshov, R. Fawcett, L. Qi, B. Trewin, D. Jones, J. McBride and H. Ramsay, 2009: Trends in tropical
cyclones in the South Indian Ocean and the South Pacific Ocean. J. Geophys. Res.



SWICE

To improve our understanding of tropical cyclortés,
South\Westlndian ocean tropic&ycloneExperiment
(SWICE) is planned for January and February 2011 in the
vicinity of Madagascar and la @union islands.

The goals of the SWICE project

to provide a framework to objectively estimate viadue of
new data from surface stations, airborne measuresmen
AEROCLIPPER balloons and satellite observations,

to understand the relations between tropical cyedand their
atmospheric and oceanic environment,



SWICE Network in the SWIO



SWICE Network in the SWIO

During the SWICE, coordination of dedicated
atmospheric and oceanic measurements will provnde a
unprecedented data set in this basin, includingigue
dataset for the validation and calibration of se¢el
derived temperature and humidity measurements for
tropical cyclone studies.



SWICE Network in the SWIO

The proposed observational network is designedlfb the
scientific objectives of SWICE

Existing and additional radiosounde stations witha to
more accurately describe the synoptic environment

The Falcon-20 aircraft will conduct missions detkciato
synoptic surveillance in the vicinity of active s1%1s

AEROCLIPPER balloons will be launched from a reskar
vessel

Calibration and validation of satellite data widve a high
priority, with flights to be planned in coordinatievith
overpasses



SWICE - Radiosounding Network

There are 5 active upper-air stations in this negio
Dar-es-Salaam ( Tanzania/ 6.5239.12E ) ;
Mahe ( Seychelles / 4.8, 55.32E ) ;
Diego Garcia ( British Indian Ocean Territory / 73872.24E ) ;
Antananarivo ( Madagascar / 188847.1%E ) ;
Plaisance ( Mauritius / 20.28, 57.4CE );

At leat five additional stations are planned

All these stations will launch 2 soundings per {3y and
12 UTC) during the Special Observing Period (S@R{ 4
sounding per day during the IntensiveObservati@rsBs
(IOPs)



SWICE — Numerical Models

Information on the large-scale environment is paed
by ECMWF analyses.

“ALADIN-Reunion” (Faure et al. 2008) is a limited-
area hydrostatic NWP model developed at RSMC La
Reunion. By the time of the experiment, its resolut
will be around 8 km and it will use a 3D-Var FGAT
(First Guess at Appropriate Time) data assimilation
system.

Faure, G., S. Westrelin and D. Roy, 2008 : Un nouveau modele de prevision a Meteo-France : Aladin-
Reunion. La Météorologie, 60, 29-35.



SWICE — Meteorological Radars

Meteo-France operates an S-band Doppler radar in La
Reunion. It is located near Saint-Denis and, dubdeo
steep orography in the central part of the islamdly

the region to the north, from WSW to ESE, can be
observed. The maximum range is 400 km in horizontal
scanning (PPI) mode. Volume scans at 100 km range
can provide reliable information on three-dimenaion
wind and reflectivity structure (Rowet al2004).

Tanzania and Madagascar also have weather radars.

Roux, F., F. Chane-Ming, A. Lasserre-Bigorry and O. Nuissier, 2004: Structure and evolution of
intense tropical cyclone Dina on 22 January 2002: GB-EVTD analysis of single Doppler
radar observations. J. Atmos. Oceanic Technol,



SWICE — AEROCLIPPERS

The Aeroclipper system (left) and trajectory of 2 dappers in tropical
cyclone Dora in February 2007 (right) (Duetlal2009)

Duvel, J.-P., C. Basdevant, H. Bellenger, G. Reverdin, A. Vargas and J. Vialard, 2009 : The Aeroclipper. A
new device to explore convective systems and cyclones. Bull. Amer. Meteor. Soc.



SWICE — AEROCLIPPERS

The AEROCLIPPER is a new device with a streamlined
balloon and a guide rope floating at the ocearaserf
(Duvel et al2009). The balloon is localized using the GPS
and the data are transmitted using IRIDIUM satellit
telecommunication. An atmospheric gondola performs
measurements of temperature, humidity, pressure and
relative wind every 10 seconds, and 1-minute awesage
transmitted. The oceanic gondola will be simpliffedthe

TC application with a measurement of the SST only

Duvel, J.-P., C. Basdevant, H. Bellenger, G. Reverdin, A. Vargas and J. Vialard, 2009 : The Aeroclipper. A
new device to explore convective systems and cyclones. Bull. Amer. Meteor. Soc.



SWICE — Falcon-20 Aircraft

The aircraft will primarily be based in Rolad-Gasro

International airport in Gillot, La Reunion (RUN2O.89S,
55.52E).

It could also be deployed for some periods of fewsdn
Mayotte / Dzaoudzi international airport (DZA : &2.S,
45.28E) and from airports of Mauritius and Madagascar.



SWICE — Falcon-20 Aircraft

Examples of virtual flight plans for successiverisptic”
surveillance” mission with Falcon-20 for TC Ivan b8
and 15 February 2008. Each flight will be aboutChih
long, and 10-15 dropsondes will be released.



SWICE — Satellite Observations

Satellite observations of the upper troposphere

Geostationary (Meteosat-7 at BY and polar-orbiting
satellites allow a relatively continuous monitoring
the visible, infrared and microwave channels for
convective systems developing in the SWIO

Satellite observations will be used in order to
characterize the upper-level environment associated
TCs occurrence. AMSU (Advanced Microwave
Sounding Unit) data will be utilised.



SWICE — Satellite Observations

The CNES-ISRO MEGHA-TROPIQUES satellite is plannzte
launched in 2010 (Desbois et al. 2007) ;

- Three instruments will be onboard :
o0 SCARAB : SW & LW radiative fluxes ,
0 SAPHIR : 183 GHz sounder to deduce humidity jesf]

0 MADRAS : 18-157 GHz scanning radiometer to estimatel, water
vapour, liquid water, precipitation (liquid & ice).



SWICE — Satellite Observations

The orbit will have an altitude of 870 km, an imation of 20, the
swath of MADRAS and SAPHIR instruments will be 17468,
2300 km for ScaRaB. These parameters give betwesil 5
overpasses dalily.



SWICE — Satellite Observations

ESA / Earth Explorer “Atmospheric Dynamics Mission” ADM=OLUS
Is scheduled for launch in 2010.



SWICE — Satellite Observations

ADM-AEOLUS will be on a sun-
synchronous (06 and 18 local time)
orbit at 408 km altitude and 97
inclination. A Doppler wind lidar
(DWL) will be used to measure
global wind profiles with an

accuracy of about 1 m/s in the
planetary boundary layer, 2 m/s in
the free troposphere, and a horizontal
resolution of 200 km.



SWICE — Satellite Observations

Among the current RO space missions, the FORMOSAT-
3/COSMIC represents a milestone of its kind [Ledal
2008].

The FORMOSAT-3 program, also known as COSMIC
(Constellation Observing System for Meteorology,
lonosphere and Climate), is an international coltabve
project between the National Space OrganizatiorP@)Sn
Taiwan and University Corporation for Atmospheric
Research (UCAR) in the United States.

Liou, Y.-A., M. Hernandez-Pajares, V. Chandrasekar, and E. R. Westwater, 2008: Guest Editorial —
Special Session on Meteorology, Climate, lonosphere, Geodesy, and Reflections from the Ocean
Surfaces: Studies by Radio Occultation Methods, IEEE Trans. Geosci. Remote Sensing



SWICE — Satellite Observations

FORMOSAT-3 . . .
It is a constellation of six

T P micro-satellites to collect
atmospheric data for
weather monitoring and
climate research.

FORMOSAT-3 satellites
were launched in April
2006.

o e M'M.______--"’fn'

FORMOSAT-3/Constellation Observing System for Metémyg, lonosphere
and Climate (COSMIC) [http://www.cosmic.ucar.edu/sysdntmi]



SWICE — Satellite Observations

FORMOSAT-3 RO are
currently providing an
unprecedented 1500 -
2000 atmospheric profiles
daily around the world
from near the surface to
40km altitude

Occultation locations for FORMOSAT-3 [www.Nnspo.advgj

Positive impact of the FORMOSAT-3/COSMIC data on seweeather forecast
and climate observation has been demonstrated [labual 2007] and
FORMOSAT-3 RO observations are included as an int@ara of the SWICE.

Liou, Y.-A., A.G. Pavelyev, S. F. Liu, A.A. Pavelyev, N. Yen, C.Y. Huang, C. J. Fong, 2007: FORMOSAT-
3 GPS radio occultation mission: preliminary results, IEEE Trans. Geosci. Remote Sensing



SWICE — Satellite Observations

FORMOSAT-3 RO observations will provide a large
number of atmospheric temperature and humidity
vertical profiles in or in the vicinity of the stos and
therefore will provide more specific information tire
iInteraction with their environment.

The satellite-derived data are of high accuracy, as
was demonstrated by the studies on comparison of
atmospheric profiles of refractivity, pressure and
temperature observed FORMOSAT-3 RO mission
with collocated radionsonde soundings.
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