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Developments since IIOE …… 

Sustained 
observations 

Ocean 
Modeling & 
theory   

Process 
studies 
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Ocean-atmosphere 

interaction (BoBMEX, 

ARMEX, CTCZ, etc.) 



Number of months in each 

4°×5° box area where at least 

one surface water 

pCO2 measurement has been 

made since the early 1970s. 

White areas have no 

measurements. 

Number of nitrate profiles 

used from the Indian Ocean in 

preparing World Ocean Atlas 

2009 

Paucity of Observation in the Indian Ocean 

Takahashi et al., 2009 



Dead Zones 

Year No. of Dead Zones 

2004 146 

2008 405 

Total area affected: 

245,000 sq Km  

Diaz and Rosenberg, Science, 2008 

Increase in use of 
nitrogenous fertilizers 

Its supply to the 
ocean  

Increase in 
productivity  Decay of organic matter 

Depletion of dissolved 
oxygen 

Distribution of dead zones in the world 

Increase of Nitrogen influx into river 



SIBER  
Sustained Indian Ocean 

Biogeochemistry and 

Ecosystem Research 

INDIA 

CTCZ 

Paleoceanographic Studies of the Eastern 

Indian Ocean 

Major Ongoing Indian Programmes 

SIBER - INDIA 

Continental Tropical Convergence Zone 



University of Washington, Scripps 

Institute of Oceanography, Woods Hole 

Oceanographic Institute, Oregon State 

University, University of Notre Dame 

University of Massachusetts, University 

of California at San Diego, Colorado 

State University 

University of Reading 

National Oceanographic 

Centre, NERC 

University of Reading 

University of East Anglia 

 United States (NOAA/PMEL). 

Bay of Bengal Boundary 

Layer Experiment 

Ocean Mixing and Monsoon 

RAMA 

Major Indian Collaborations 



 What is the specialty of  air-sea exchange 

process in the Arabian Sea and Bay of  Bengal 

and their effects on monsoon? 

 

 What are the relative roles of  stratification, 

mixing, entrainment, advection, etc. in 

modifying the SST? 

 

 How mixing takes place at the intersection of  

the layer of  fresh water and more dense water 

beneath that? 

 

 What causes the large-scale SST gradients in 

the BoB, and how do they impact the monsoon? 

 

 What is the heat and freshwater budget of  the 

BoB?  

 

 How well do the models simulate these 

processes? 

Current issues – 1 

Understanding of  the details of  air-sea interactions  

Annual mean Salinity (0 m) 



Current issues – 1 

Understanding of  the details of  air-sea interactions  

 WHEN CONVECTION IS ENHANCED OVER WEIO, IT TENDS TO BE 
SUPPRESSED OVER EEIO &VICE VERSA (EQUINOO) . 

 
 Convection over the western equatorial Indian Ocean is favourable while that 
over the eastern part is unfavourable for the Indian monsoon. 

EQUATORIAL INDIAN 

OCEAN OSCILLATION      

(EQUINOO) 

What is the role of  

equatorial Indian Ocean 

dynamics in evolving the 

SST over EEIO and WEIO? 



Current issues – 2 

Understanding the biogeochemical processes 

Dissolved Oxygen in Sub-surface water Arabian Sea versus Bay of Bengal 

 Why the biogeochemistry in the Arabian Sea and Bay of Bengal are different? 
– denitrification occurs in the former but not in the latter! 

 Why the surface Bay of Bengal under saturated with carbon dioxide? (less 
microbial activity or rapid sinking of organic matter?) 

 Is there a difference in the nature and bio-availability of dissolved organic 
matter in the Indian Ocean? 

 Are there any differences in trace element biogeochemistry in OMZs of 
Indian Ocean basins? 

 Does the aerosol deposition of trace metals promote biological productivity?  



Time series of Dissolved oxygen  

 What is the impact of  OMZ on the 

biogeochemistry of  Indian Ocean and the 

fisheries? 

 

 What role the ocean dynamics plays in 

the spread and variability of  OMZ? 

 

 Does the exchange from other basins, for 

example the Indonesian through flow, affect 

the biogeochemistry and biology of  Indian 

Ocean? 

Current issues – 2 

Understanding the biogeochemical processes 

Eric D’Saro, Altabet and Ravichandran 



Current issues – 2 

Understanding of  the biogeochemical processes 

Prochlorococcus Biomass and Primary Production 

Substantial at the upper boundary of  OMZ     

 
Need to Assess Its Nitrite Metabolism Potential   

Dependent Grazer Community Impacts of Temporal Oxycline Oscillations  

   

Are Anoxic Processes Simultaneous or Sequential? 

Issues in Microbial Ecology of OMZ 



Current issues – 2 

Understanding of  the details of  air-sea interactions  

Issues in Benthic Ecology of  the OMZ 

 What is the distribution of  benthic specie community in the 

OMZ? 

 Does the benthic community respond to fresh organic flux 

supply in terms of  growth and reproduction? 

 How and when does the OMZ community reproduce? Do they 

follow the trend of  coastal community of  recruitment during 

monsoon?  

 What could be the reason for bigger size fauna in OMZ region?  

 Are the OMZ community a sink/source for larvae? 

 Is the OMZ fauna evolutionarily and functionally distinct or 

similar in all OMS of  the world? 



 What is the impact of  Madden Julian Oscillation (MJO) and the 

intense upwelling on the biogeochemical seasonal cycle of  the 

SWTIO ? 

Current issues – 3 

South West Tropical Indian Ocean (SWTIO) 



Current issues – 3 

Understanding  the Deep Ocean Circulation  

The Northwest Indian Ocean is a 

source of high saline 

intermediate Waters. Large parts 

of the Indian Ocean are occupied 

by circumpolar Waters that 

supply oxygen to subsurface 

waters from below. 

 What is the pathway of  Antarctic Bottom Water into the Bay of  

Bengal? 

 What is the role of  circumpolar waters in the  renewal of  

intermediate waters in the North Indian Ocean? 

 How much oxygen is supplied from below in replenishing the oxygen 

deficient waters in eth North Indian Ocean? 

 What are the biological and ecological processes in deep waters? 



SUBTROPI
CAL GYRE 

SEC 
ITF 

AC Subduction Zone of water masses 

Sink of Co2 

Current issues – 4 
Hydrodynamics and Biogeochemistry of  the southern Subtropical Indian Ocean  

What is the role of physical, chemical and biological processes in the 

sequestration carbon and biogeochemistry in the subtropical gyre?  

 

• What is the role of air-sea-ice interaction and  of anthropogenic aerosols in the 

biogeochemistry of subtropical gyre? 

 

• What role subtropical gyre in the exchange of heat and mass between tropics 

and subtropical regions? 

 

• Does the variability of subtropical gyre pay a role variability of Asian monsoon.? 



Current issues – 5 

The largest Geoid low on the Earth 

Does that geoid low caused due to the depression at the Core-Mantle 

boundary? 

Is that caused due to the density heterogeneities in the upper mantle? 

Is that geoid low produced due to relict of earlier subduction? 

Geoid is an equipotential surface of 
the Earth’s gravity field that best fits 
the global mean sea level in a least 
squared sense. 

Gravity models and satellite based observations show that geoid anomaly 
is caused due to the density heterogeneities in the subsurface. 



The  Observing Systems  available for  IIOE-2 

Observing systems established by India, RAMA & Argo floats deployed 
in the Indian Ocean by India, USA, UK and France  



Capacity building - International Training Centre for 
Operational Oceanography (ITCOocean)  

Objectives: 

Provide advanced training in operational 

oceanography for young scientists and 

technical (S&T) persons and decision 

makers/ officials from India, IOR 

countries and other developing nations. 

 

Provide training on generation of data 

from oceans using in situ and satellite 

platforms, transmission of data to 

operational centre, data reception, data 

processing in real-time, usage of data in 

models and generation of forecasts and 

dissemination of the same to end users 

within the shortest possible time. 

 

To provide ship board experience and 

training in observational oceanography 

using state-of-the-art instrumentation 

from all available sources and interaction 

with national and international pool of 

faculties to so as to widen the S&T base. 

Together with IOC  



Sagar Sampada Sagar Manjusha Sagar Nidhi Sindhu Sadhna Sagar Kanya Sindhu Sankalp 

The  Resources that India might contribute for IIOE-2! 

Ocean Research 

Vessels 

• Improved OCM with 13 channels 

• Two TIR channels for SST 

• Scatterometer as in Oceansat-2 

• Launch in 2017-18 

Oceansat-3 

• 6 Channel Imager and 19 channel sounder 

• Satellite undergoing tests 

• Launch in first half 2016-17 

INSAT-3DR 

• Multi-spectral, multi-resolution imager  

• capable to image the earth from Geosynchronous 

orbit. 

• Launch in 2016-17 

GISAT 

• Dedicated mission for Scatterometer 

• Launch proposed in end 2015 
SCATSAT-1 

Future Satellite 

missions 
SARAL/Altika 

(Launched in Feb 2013) 

Altimeter/Sea level 

Existing Satellite 

missions 

INSAT-3D  

(Launched July 2013) 

Visible/IR imager (6 channel) 

19 channel sounder  

Meghatropiques 

(Launched in Oct 2011) 

SAPHIR, SCARAB, ROSA 



Data Policy 

 All data outside Indian EEZ are open to all for 

scientific research 

(http://www.incois.gov.in/portal/datainfo/datainfoh

ome.jsp ) 

 Some data form Indian EEZ are sharable under 

bilateral arrangements and under collaborative 

programmes 

http://www.incois.gov.in/portal/datainfo/datainfohome.jsp
http://www.incois.gov.in/portal/datainfo/datainfohome.jsp



