January 22, 2007
Japan Agency for Marine-Earth Science and Technology

Succeeded to Observe Onset of Deep Cumulus Convection in Indian
Ocean
~Remarkable advancement for elucidation of MJO~

Outline

Institute of Observational Research for Global Change (IORGC), Japan
Agency for Marine-Earth Science and Technology (hereafter JAMSTEC; Mr.
Yasuhiro Kato, President) succeeded to observe the onset of cloud clusters,
which horizontal length could be up to several thousand kilometers, from
various angles in chronological order, through intensive observation of
atmosphere and ocean using Oceanographic Research Vessel MIRAI at the

Indian Ocean. R/V MIRAI returned to its home port, Mutsu Institute for
Oceanography (MIO), in Mutsu City, Aomori Prefecture on January 20th.

Background

In tropical area, it is known that cloud cluster of several thousand
kilometers scale develops with a local intraseasonal period of 30 to 60 days
in the Indian Ocean and propagates slowly eastward at the speed of
approximately 20 kilometers per hour. This phenomenon is called "Madden-
Julian Oscillation (MJO)", named after the discoverers. It is said that MJO
influences not only tropical climate but the occurence of El Nino and
tropical cyclone, and it is the important phenomenon to understand the
entire global climate variability. Over 30 years since its discovery, its large-
scale structure and feature, and its influence to the climate are gradually
elucidated, but its generating mechanism is not yet elucidated. One of the
reasons is that the observation for this phenomenon had not been done in
the Indian Ocean which is its generating area so that the in-situ data were
very little. Therefore, this time, atmospheric and oceanographic
observations were carried out at Maldives Islands and on R/V MIRAI
located in the site sea area from the beginning of October to December
2006 (the cruise of R/V MIRAI was 71 days from October 4th to December
13th). This intensive observation is called MISMO project. MISMO is the
acronym for "Mirai Indian Ocean cruise for the Study of the MJO-convection
Onset".

Details

(1)Observation by R/V MIRAI
Observation of atmospheric vertical structure and interaction between
ocean and atmosphere at the site sea area



eStationary observation (October 24th through November 25th)
Atmospheric observation using Doppler radar and radiosonde
Oceanographic observations using mooring buoy

eCruise observation (November 28th through December 13th) The
course is from Maldives to Singapore

(2)0On land observation at Maldives Islands

In order to capture precipitation system and spatial structure of the
environment for the onset of the convections in the MJO and to
supplement the observation by R/V MIRAI, observation on Maldives
Islands carried out using Doppler radar and radiosonde.

During the intensive observation period, we constructed the observation
network of R/V MIRAI, Maldives Islands and buoy array to monitor the
atmospheric and oceanic features associated with the onset of the MJO-
convection (Fig. 1).

Result

Cloud clusters growing at the site sea in the beginning of November
extended east and west by several thousand kilometers around November
20th and started propagating eastward slowly.

R/V MIRAI could observe the onset of the cloud cluster during the
stationary observation and could also observe its propagating eastward
since the ship sailed the same direction fortunately.

The cloud clusters became so large, several thousand kilometers scale,
that the whole picture was confirmed by the cloud images taken by satellite
(Fig._2). Some results of the observation are shown in Figs.3 and 4. The
Indian Ocean is windy area as known for the monsoon, but just before the
onset of deep cumulus convection, sometimes the ocean is so calm that the
surface looks like a mirror and many clouds those top heights are 2 to 3
kilometers are formed (upper panel of Fig. 3). However, during the active

phase of the MJO, the whole sky is covered with deep cloud and heavy
precipitation are often observed as rain band (bottom panel of Fig. 3). This

time, we could capture how cumulus propagate eastward (rainfall area and
intensity are going to bigger), since the ship sailed the same direction of
the cumulus movement (Fig. 4). From this observation, it is expected to be
able to understand the cumulus feature, such as, even an each one exists
only for hours, as an ensemble, it exists for days.

We could obtain detailed observation data of inside the cumulus. In
particular, the observation period corresponded to the positive phase of the
Indian Ocean Dipole mode (I0OD) which is similar to El Nino in the Pacific

Ocean. The observation was rarely conducted during the IOD event in the
past. From that aspect, it can be said that these are very valuable data.



Future Plan

Conduct the further data analysis. At first, we will report this observation
result as a preliminary report at the Blue Earth Symposium which is going
to be held by JAMSTEC in March. And the special session of this
observation is hastily-arranged in International Union of Geodesy and
Geophysics (IUGG) General Assembly which will be held in June in Italy.
Following these, this research report will be released promptly. It is pointed
out that the MJO can trigger the onset and termination of the El Nino
event, which causes a warm winter in Japan, and also affect to generation
of tropical cyclone. Therefore the relation with those phenomena is going to
be elucidated especially. Furthermore, the result will be used for the
simulation of cumulus development and the prediction research by Earth
Simulator.
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Oceanographic Research Vessel MIRAI

(Length Over All 128.58m, Breadth 19.0m, Depth 13.2m, Gross Tonnage
8,687tons)
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R/V MIRALI is the world's largest oceanographic research vessel belongs
to the JAMSTEC. Her missions are determining the thermal cycle of the
ocean, solving the material cycle of the ocean, solving the ecosystem in the
ocean, solving the dynamics of the seafloor and developing the ocean
observation buoy. Her wide-range observation activities are conducted in
Arctic Ocean, Pacific Ocean, and Indian Ocean. This first Doppler radar
equipped vessel in the world has ice resistance structure and antirolling
system, and those equipments make observation possible even in polar
area or in severe weather. She also equipped a huge water sampler and is
capable of loading 14 large oceanographic observation buoy (TRITON
BUQY).
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Figurel: MISMO observation network

At the beginning of the stationary observation, m-TRITON buoy, sub-surface
Acoustic Doppler Current Profiler (ADCP) mooring, and ARGO float were
deployed in the Indian Ocean by R/V MIRAI and the observation network
between Maldives Island and R/V MIRAI has been developed. ATLAS buoy,
developed by National Oceanic and Atmospheric Administration (NOAA),
measures subsurface temperature along with marine meteorological element
such as air temperature, wind speed and direction. ADCP buoy is the mooring
device with sub-surface ADCP fixed approximate 300 meters water depth. It

measures water current up to near the sea surface by releasing acoustic wave
upward.



Convectivions Maldives Mirali
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Figure 2 : Satellite pictures of cumulus movement, observation area of
meteorological equipment on Maldives Islands and of R/V MIRAI. Solid
circles indicate the observation areas of Doppler radar on Maldives Islands
and on R/V MIRAL
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Figure 3 : Typical appearance of the sky before and after the onset of the
MJO-convection. (top: taken on November 2; bottom: taken on December
4) Before the convection get active, many small cumulus of 2-3 kilometers
high and 10 kilometers horizontally long are observed. The surface of the
ocean is very calm and reflects clouds up the sky like a mirror. On the other
hand, once the convection gets active, the entire sky is covered with clouds
most of the time and each cloud spread horizontally, and then cloud bands
often bring torrential rain.
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Figure 4 : Cast the images of observation results by Doppler radar of R/V
MIRAI on Satellite clouds imagery. Inside the cumulus ensemble
propagating eastward, rainfall area is developing. Observed locally, it
became obvious that the huge cumulus ensemble of several thousand
kilometers composes of many cloud clusters whose size is about a hundred
kilometer. And it can be seen that the heavy rain area and the light rain
area varies about 10 kilometers interval. (Colored zone shows rainfall
intensity observed by Doppler radar. Red zone indicates heavy rain.)



Indian Ocean Dipole Mode (IOD) is the event that seawater temperature
drops in eastern Indian Ocean (off Java,Indonesia),rises in middle to
western Indian Ocean near the equator (off Kenya). It is believed that the
convection accompany with MJO hardly develops during the IOD event.
IOD was observed in 1994 and 1997,and it normally develops in summer,at
peak in October to November and diminishes in December. This time the
movement is the same as usual,now it is winding down. In November
2005,Climate Variations Research Program,Frontier Research Center for
Global Change (FRCGC),JAMSTEC had succeeded its prediction for the first
time in the world. (Published on October 16,2006)



