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Indian Ocean Science Drivers 

 Monsoons 

 Severe weather events & cyclones 

 Intra-seasonal (30-60 day) variations 

 Interannual variations: Indian Ocean 
Dipole, Influence of ENSO 

 Decadal variability and warming 
trends 

 Ocean circulations & 
biogeochemistry 

Nargis 

MJO 
Trends 

Indian Ocean Dipole 

Indian Ocean is the most poorly sampled region of the tropics 



Multi-platform 
Long-term 
Observation 
Network 

Indian Ocean Observing System (IndOOS) 



RAMA Implementation Progress 



RAMA Buoy Systems 

ATLAS TRITON 

Chinese 
Bai-Long 

Mini-
TRITON 

“Conehead” 

PMEL 
“T-Flex” 



Biogeochemical Measurements: 
A SIBER+-RAMA-Indoflux* Initiative 

Monthly SeaWiFS Chl-a Concentrations 
(Solid Dots are RAMA Flux Reference Sites) 

*Indoflux=Indian national network of monitoring stations for climate change (land-based) 
+SIBER=Sustained Indian Ocean Biogeochemical and Ecosystem Research Program 

Objectives: To provide data for 
 

A) Defining biogeochemical 
variability in key regions of 
the Indian Ocean and for 
understanding the physical, 
biological and chemical 
processes that govern it; 
 

B) Developing models of ocean-
atmosphere-biosphere 
interactions; 
 

C) Assessing the impacts of 
climate change on oceanic 
primary productivity and air-
sea CO2 exchange. 

Target Locations: Arabian Sea, Bay of Bengal, 
Equator, Seychelles-Chagos Thermocline Ridge 

 
Key Measurements: CO2, pH, Fluorescence, 

Particle Backscatter, O2 



First Biogeochemical 
Measurements in RAMA 

Fluorometer to measure chlorophyll 
concentrations 

Deployed 0°, 80.5°E at 25 m depth  

22 May 2010 from ORV Sagar Kanya 

Pete Strutton, Univ. Tasmania, PI 

Deployment of a similar system on an ATLAS 
mooring in the Pacific from a NOAA ship 



Wind 

Long & short wave radiation 

Iridium antenna  
Air temp. and RH  
GPS  

Argos  
pCO2 in air 

Air pressure 

Precipitation 

First CO2-flux buoy in Indian Ocean 

through China-Indonesia collaboration 



Monsoon-related Research Highlights  
• Bimodal character of BoB cyclones under monsoon modulation 
• First-branch northward-propagating intra-seasonal oscillation over 

the tropical Indian Ocean, associated with the monsoon onset 
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Composite time-latitude sections along 80°-100°E: (a) OLR (shaded, W m-2), surface wind (vector, m s-1) and 
rainfall (contour, mm day-1) fields; (b) vertical difference between 850hPa and 200hPa in zonal wind (black 

contour, m s-1) and meridional wind (red contour, m s-1) overlaid on OLR (shaded, W m-2).The vertical axis is 
latitude, and the horizontal axis is the relative time, with day 0 representing the date when maximum FNISO 

convection arrives at 10°N.  

How is monsoon established over BoB? 



Composite evolution 
patterns of the 20-70-
day filtered OLR 
(shaded, W m-2), 
rainfall (contour, mm 
day-1) and surface 
wind (vector, m s-1) 
fields associated with 
the FNISO. Day 0 is a 
reference day when 
maximum FNISO 
convection arrives at 
10°N in the eastern IO.  



Time-latitude section of the background convective instability field (shaded, K) and 
the OLR perturbation associated with FNISO (contour, Wm-2) along 80°-100°E . 
The horizontal axis is the time (unit: day) relative to the same reference day 0  



Difference (day 0 minus day -60) of the background convective instability 
parameter (defined as an averaged value of  over 80°-100°E and 5°-
25°N, gray bar, K) and relative contributions from the low level (averaged 
over 1000-700hPa, blue bar, K) and the upper level (averaged over 600-
300hPa, orange bar, K).  



Bimodal character of BoB cyclones 



Difference (October-November minus April-May) of the environmental 
relative humidity at 600hPa (top) and the climatologic annual cycle (green 
dots) and standard deviation (blue bar) of the relative humidity in BoB.  

Why more cyclones in  Oct-Nov than in Apr-May? 



(Left) Difference (Apr-May minus Oct-Nov) of the upper-ocean heat content (unit: °C m). 
(Right) Composite map of the monsoon onset over BoB, associated with the first-branch 
northward-propagating ISO; Purple dots denote the time (relative to the monsoon onset time) 
and latitude of super TC (Category 4 or 5) when it reached its maximum intensity. Green dots 
denote the genesis time and latitude of these super cyclones. Shading and contour show the 
OLR averaged between 85E and 95E. Vector represents the surface wind averaged between 
85E-95E. Y-axis is latitude and x-axis denotes a relative time, with day 0 denoting the time 
when monsoon onsets over BoB. 

Why more super cyclones in Apr-May than in Oct-Nov? 



Near Future Plans 

Interdisciplinary 
research 

In collaboration with 
SIBER 



No.19, Dec. 2011 



IOP-SIMBER proposal 

Eastern Indian Ocean Upwelling System: Dynamics and ecosystem 

To be further discussed in the joint session of IOP/SIMBER, Oct. 2012, South Africa 

Dec-Jan-Feb Jun-Jul-Aug 

(Climatology based on MODIS data) 



Monsoon Onset Monitoring and its 
Social and Ecosystem Impacts 

（MOMSEI） 

 
 

IndOOS Regional Program 

---- Role of ocean in preconditioning the earliest 
monsoon onset over BoB 

---- Improve the observing capacity in 
SEAGOOS region 

---- linkage with society and ecosystem 
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MOMSEI Cruise in 2013 (April-May) Near Future Plans 





Thanks 
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