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Director’s Report

It is my pleasant duty to present the report for the year 2006-07 highlighting

salient achievements in the field of ocean information and advisory services.

INCOIS has been playing a key role in the Indian Ocean by providing ocean

data, information and services to the society, academia and government.

The main goal of the INCOIS is to develop capability to forecast important

ocean parameters and processes such as availability of fish stocks, ocean

state, tsunami, etc. for societal and economic benefits. In order to support

these activities, an ocean observation system along with data management system has been designed.

During the year 2006-07, significant progress has been achieved to realize the above-mentioned

goals, which is summarized below.

i) Increasing resilience to oceanic hazards: An early warning centre for tsunami and storm surge

is being set up.  An interim centre has been operational and forty-one potential tsunamigenic

earthquakes were monitored, and advisories have been issued for further action.

ii) Identifying status and trends of fishery resources:  Potential fishing zone advisories have been

issued regularly during non-ban and cloud-free days. The forecast is proven to be beneficial to

fishermen in saving time and fuel and thus increasing profit.  About 27,000 fishermen (boat

owners) are using these forecasts.

iii) Enabling Safe Marine Operations: Open ocean state forecasts for waves, swell and wind are

issued routinely.  The forecast is valid for two days. It is increasingly used by fishery, offshore,

shipping industries, Coast-Guards and Indian Navy. The number of users have grown

considerably.  Coastal ocean forecast has been initiated for Cuddalore, Pondicherry and Karaikal

area on experimental basis.

iv) Ocean’s role in climate studies: Ocean modeling activities have been initiated to provide

description of past, present and future state of ocean at appropriate time and spatial scales.

One of the important requirements is to understand heat budget of upper ocean.  INCOIS is

actively participating in deploying Argo floats to understand variability in sub-surface temperature

and dynamic height of sea.

v) Ocean Information and Web-based Services:  INCOIS has acquired large amount of in-situ,

remote sensing and model-derived data of the Indian Ocean.  These data are being organized

for easy retrieval, query and analysis.  INCOIS website has emerged as a prime vehicle for
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delivery of ocean data, information and services.  More than 10,000 users avail this facility.

Web-GIS is being used increasingly. To meet growing needs of storage, a 3-Tier SAN-based

storage system having capacity 170 TB has been procured.

vi) In order to support and guide these research activities, a Research Advisory Council (RAC)

has been constituted this year.

INCOIS plays a leading role in Indian Ocean region and associated with number of international

initiatives, such as Indian Ocean Global Ocean Observing System (IOGOOS), Regional Co-ordination

of Argo Programme and Partnership for Observation of Global Ocean (POGO).

In carrying out these activities, I have received unstinted support, guidance and encouragement from

Dr. P.S. Goel, Chairman, Governing Council (GC) and the members of the GC, Chairman and members

of the Research Advisory Council (RAC) as well as officials of the Ministry of Earth Sciences. I am

highly grateful to all of them.

(Shailesh Nayak)

Director
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1. The Organisation

The Indian National Centre for Ocean Information Services (INCOIS) is an autonomous body under

the Ministry of Earth Sciences (MoES), Government of India, registered as a Society under the Andhra

Pradesh (Telangana Area) Public Societies Registration Act 1350, Fasli at Hyderabad on February 3,

1999. The affairs of the Society are managed, administered, directed and controlled, subject to the

Bye laws of the Society, by the Governing Council.

INCOIS Society

1 Secretary, Ministry of Earth Sciences President

2 Director, National Remote Sensing Agency Vice-President

3 Joint Secretary, Ministry of Earth Sciences Member

4 Advisor, Ministry of Earth Sciences Member

5 Director, National Institute of Oceanography Member

6 Director, National Institute of Ocean Technology Member

7 Director, National Centre for Antarctic & Ocean Research Member

8 Director, INCOIS General Secretary

INCOIS Governing Council (till Aug 20, 2006)

1 Secretary, Ministry of Earth Sciences Chairman

2 Director, National Remote Sensing Agency Vice-Chairman

3 Financial Advisor, Ministry of Earth Sciences Member

4 Dr. George Joseph, Distinguished Professor, Member

Indian Space Research Organisation

5 Director General, India Meteorological Department Member

6 Joint Secretary, Ministry of Earth Sciences Member

7 Director (Admn.), Ministry of Earth Sciences Member

8 Director, National Institute of Oceanography Member

9 Director, National Institute of Ocean Technology Member

10 Director, National Centre for Antarctic and Ocean Research Member

11 Principal Advisor (S&T), Planning Commission Member

12 Director (Civil-1), Ministry of Surface Transport Member

13 Director, Space Applications Centre Member

14 Director, Earth Observation Systems,

Indian Space Research Organisation Member

15 Head, Centre for Mathematical Modelling and Member

Computer Simulations

16 Director, INCOIS Member-Secretary
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The Mission

To provide ocean data, information and advisory services to society, industry, government and

scientific community through sustained ocean observations, and constant improvements through

systematic and focused research, data, information management and ocean modelling.
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INCOIS Governing Council (from August 21, 2006)

1 Secretary, Ministry of Earth Sciences Chairman

2 Dr. Harsh Gupta, Former Secretary, DOD Vice-Chairman

3 Director, National Remote Sensing Agency Member

4 Director General, India Meterological Department Member

5 Financial Advisor, Ministry of Earth Sciences Member

6 Shri D.R. Sikka, Chairman, INCOIS Research Advisory Council Member

7 Joint Secretary, Ministry of Earth Sciences Member

8 Director, National Centre for Antarctic and Ocean Research Member

9 Director, National Institute of Oceanography Member

10 Director, National Institute of Ocean Technology Member

11 Principal Advisor (S&T), Planning Commission Member

12 Director, Space Application Centre Member

13 Director, INCOIS Member-Secretary

14 Programme Officer, Ministry of Earth Sciences Permanent Invitee

INCOIS Research Advisory Council

1 Shri. D. R. Sikka, Former Director, Indian Institute of Chairman

Tropical Meteorology

2 Dr. R. Shiv Kumar,  Director & Head, National Spatial Member

Data Infrastructure, Department of Science and Technology

3 Prof. B.N. Goswami, Director, Indian Institute of Member

Tropical Meteorology

4 Dr. V.S. Hedge, Deputy Director, Earth Observation System, Member

Indian Space Research Organisation

5 Dr. B.K. Saha, Former, Deputy Director General, Member

Geological Survey of Indian, Kolkata

6 Dr. M. Ravichandran, Scientist, INCOIS Member-Secretary



The major objectives of INCOIS are:

(i) To establish an early warning system for tsunami and storm surges

(ii) To undertake, aid, promote, guide and co-ordinate research in the field of ocean information and

services including Satellite Oceanography,

(iii) To establish, maintain and manage, hire the systems for data acquisition, analysis, interpretation

and archival for Ocean Information and Services,

(iv) To carry out surveys and acquire information using satellite technology, ships, buoys, boats, any

other platforms and remote sensors, generate information on fisheries, minerals, oil, biological,

hydrological, bathymetry, geological oceanography, meteorology, coastal zone management and

associated resources and island development, mangroves and associated coastal, forest, soils,

wetlands, estuarine mapping, seabed and to undertake studies in marine archaeology,

environmental monitoring of India and Antarctica and surrounding oceans and land masses,

(v) To generate and provide data and value added data products to user communities in coastal and

ocean areas using space, aerial and conventional sources,

(vi) To establish Ocean data bank, including acquisition of all data obtained from satellite, air-borne

sensors, ships, boats, buoys and field surveys, storage, retrieval, dissemination, evaluation,

scrutiny, synthesis, analysis, interpretation of information and providing services and consultancy,

(vii) To cooperate and collaborate with other national and international institutions in the field of Ocean

Remote Sensing, Oceanography, Atmospheric Sciences/Meteorology and Weather forecasting

centres, coastal zone management, usage of satellite data and data acquisition by all

technologically possible means in all allied science fields, subject to prior approval of DOD,

(viii) To provide support to research centres for conducting investigations in specified areas related to

oceanic parameters, ocean atmospheric interaction studies, coastal zone information, synthesis,

analysis, data collection and undertake developmental work,

(ix) To provide training lectures, seminars and symposia for advanced study and research related to

Oceanographic parameters, related sciences and technology and in allied fields related to Ocean

Information Services,

(x) To publish and disseminate information, results of research, data products, maps and digital

information through all technologically possible methods like print, voice or electronic media to

users for promoting research and to meet societal needs in improving environmental conditions

and living standards, provided that dissemination of data is as per guidelines of the Government

of India,

(xi) To provide consultancy services in the fields of Ocean Information and Services,

(xii) To co-ordinate with all space agencies to ensure continuity, consistency and state-of-the-art

quality of ocean data derived from satellite observations,
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(xiii) Generate data, data products, value added data products and market for coastal and ocean

applications,

(xiv) To encourage and support Governmental and non-Governmental Agencies or organizations for

furthering ocean and related programmes in the generation of ocean information, and

(xv) To undertake all such other lawful activities as may be necessary, incidental or conducive to the

attainment and furtherance of all or any of the above objects of the Society.

INCOIS, in its pursuit for organisational excellence, national relevance and international significance,

translates the scientific knowledge in to useful products and services through synergy and knowledge

networking with centres of excellence in ocean sciences, atmospheric sciences, space applications

and information & communication technology.

INCOIS presently has fifteen scientific and three administrative regular posts, seven research fellows

and twenty three project positions. In addition, ten more project positions are being added as part of

the Interim Tsunami Warning Centre at INCOIS. Further, human resources are being developed with

focused groups in several premier institutions, especially for implementation of INDOMOD and

SATCORE Projects. Outsourcing has been effectively followed for system/software maintenance,

operation and maintenance of technical support facilities, house keeping, canteen, transport and security

services.

The organization structure of INCOIS is as given below:

The organisation structure

06



2. Ocean Information and Advisory Services
2.1 Early Warning System for Tsunami and Storm Surges

The project on "Establishment of National Early Warning System for Tsunami & Storm Surges in the

Indian Ocean" was approved by the Government of India in October 2005 for implementation at a cost

of Rs. 125 Crores with the Ministry of Earth Sciences as the nodal ministry. The major participants in

the Project are institutions of Ministry of Earth Sciences [Indian National Centre for Ocean Information

Services(INCOIS), National Institute of Ocean Technology (NIOT), Project Directorate of Integrated

Coastal and Marine Area Management (ICMAM), India Meteorology Department (IMD)], Department of

Science and Technology [Survey of India (SOI)], Department of Space (Indian Space Research

Organisation (ISRO) and National Remote Sensing Agency (NRSA)] and Council of Scientific and

Industrial Research [National Institute of Oceanography (NIO) and National Geophysical Research

Institute (NGRI)].

The full-fledged National Early Warning System is targeted to be made operational by September

2007 after necessary testing and simulations. This Project has been identified by the Government of

India as a thrust area in its basic agenda for 2005.

The objectives of the Project are

• to realize an operational National Early Warning System for Tsunami and Storm Surges,

• to set up the National Early Warning Centre located at Indian National Centre

for Ocean Information Services (INCOIS), Hyderabad for operation on a 24x7 basis and

• to institute a mechanism to sustain the system to generate and issue 'warning' and

'watch' advisories, as the responsible national agency.

The significant achievement made during the year are as follows:

2.1.1 Setting up of Land-based Seismic Stations for Earthquake Detection

• It is envisaged that 17 broadband Seismic Stations having seismic broadband velocity

sensors, accelerometers and GPS to be set up to provide real time seismic data. The

necessary site preparations of all the 16 sites have been completed. Order for pre-fab

structure at Portblair has been placed. The connectivity will be provided through VSAT, to

the central receiving stations. The system will be functional by September, 2007.

2.1.2 Setting up a Network of Bottom Pressure Recorders for Detection of Tsunami and

Indigenous Development

• Four Tsunami buoy systems (TB4, TB5, TB6, TB8) ranging from depth of 2700 to

3675 m which included four surface buoy system and four Bottom Pressure Recorder (BPR)

systems have been installed in the Bay of Bengal. Each surface buoy system had a mooring

length of approximately 3000-4000 m.
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• TB8 is successfully transmitting data to NIOT and is being received in real-time at INCOIS
through VSAT connectivity. NIOT is making efforts to re-establish the communication
from TB4, TB5 and TB6.

• ISRO is working on the indigenous development of BPR's.

2.1.3 Setting up a Network of 50 Automatic Tide Gauges for Real time monitoring of
Sea Level

• The Survey of India is in the process of installing thirty-six tide gauges in the selected
locations along the coast of India. The data from a few tide gauges already being received
at SOI, Dehradun by VSAT network established by Electronic Corporation of India Limited
(ECIL).  INCOIS has initiated actions to receive SOI Tide gauge data from Dehradun to
INCOIS in real-time through VSAT.

• Sea level data from 6 Tide stations installed by NIOT at Chennai, Kandla, Vizhinjam,
Mangalore, Minnie Bay and Rangath Bay are being received at NIOT and retransmitted
to INCOIS through the VSAT. Procurement of twenty Pressure Tide Gauges has been
completed.

• It has been decided to have additional stations at Hut Bay, Car Nicobar and Campbel
with relatively reliable VSAT communication link.

2.1.4 Setting up Coastal Observing Radars (5) and Current Meter Moorings (2)

• NIOT has placed order for the procurement of 2 sets of current meter moorings and 5 HF
Radars, to collect information about currents.

2.1.5 Enhancement of Upper Ocean and Surface Met-Ocean Observations

• Deployment of Drifting Buoys: 9 SVP-B buoys were deployed in the Bay of Bengal and
eastern equatorial Indian Ocean region during the cruises of ORV Sagar Kanya and
passenger ships in October and November 2006. Data from 6 buoys from the north Indian
Ocean are being disseminated on Global Telecommunication System (GTS) in near real
time.

• Deployment of XBT: Conducted four XBT surveys along Chennai - Port Blair transect
[11-13 September, 03-06 October, 25-28 October & 16-19 November 2006] and four
XBT surveys along Port Blair - Kolkata transect [18-20 September, 14-17 October,
03-06 November & 23-27 November 2006]. In total, 40 vertical temperature profiles and
65 sea water samples for salinity, phytoplankton and Oxygen18 isotope analysis were
collected during each XBT survey along these transects.

2.1.6 Creation of High Resolution Bathymetry for the Indian Coast

• ICMAM Project Directorate has computed bathymetry of deep sea areas using JEBCO
and for the near coast areas using C-MAP. The computation of bathymetry has been
completed for Tamil Nadu, Andhra Pradesh, Gujarat, Maharashtra, Orissa and West
Bengal Coast.
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• Generation of high resolution bathymetry data through field survey was completed for

the sector Cuddalore to Nagapattinam by the Annamalai University. Similar work for the

Kollam coast has been completed by the Centre for Earth Science Studies (CESS),

Trivendrum. INCOIS is making a work plan for generation of bathymetry for the other

vulnerable coastal areas.

• It has been envisaged to collect high resolution topographic data using ALTM for about

15000 sq.km. NRSA has acquired ALTM data for Machilipatnam - Kochi stretch, i.e.

for an area of 3,300 sq. km. Of this, DEM generation and vector capture for 260 sq. km.

ALTM data from Nagapattinam to Cuddalore has been completed. The base maps on

1:4000 scale for the same area are ready in digital format. MOD clearances have been

obtained for aerial flying for the remaining 11, 700 sq. km.

2.1.7 Coastal Vulnerability Modelling and Inundation Mapping

• Standardized Tsunami N2 model has been used to generate 3 scenarios of inundation

for the Cuddalore to Parangipettai sector using high resolution bathymetry data. The

accuracy predicted value for December, 2004 tsunami was found to be 80% of the

observed value. Modelling for other parts of the coastline is in progress in collaboration

with academic institutions.

2.1.8 Developing Decision Support System and Setting up an Early Warning Centre for
Tsunami and Strom Surge

• An Interim Tsunami Warning Centre (ITWC), following the Standard Operational Procedure,

has been functioning in INCOIS on 24 x 7 basis, since July 2005. This centre receives

earthquake and tsunami advisories from IMD, Japan Meteorological Agency (JMA), Pacific

Tsunami Warning Centre (PTWC) as well as tide gauge data from SOI, NIOT and other

international stations. This arrangement has worked well during the recent tsunami that

hit Java on July 17, 2006. It was confirmed within an hour that the tsunami was not likely

to hit the Indian coastline. Tsunami Buoy data (TB 8) is being received at INCOIS from

NIOT through V-SAT communication facility. ITWC monitored and reported successfully

41 events (above M6.0) to MoES and MHA during this year.

• The configuration of the computational infrastructure for the national early warning centre

has been evolved. INCOIS has engaged the services of M/s Tata Consultancy Services

to assist in finalising the computational architecture based on the functional requirements

of the warning centre and development of application software that will enable data

reception, alerts, online display, data base management, decision support,

generation and dissemination of warnings.

• Tsunami N2 Model has been installed at INCOIS and number of scenarios have been

worked out by considering 9 cases for magnitudes ranging from 5.5 to 9.5 and 6 cases

of depth ranges from 0 to 100 km and for 974 locations spacing with half degree. A small

scale database of selective scenarios generation has been created as a test case for

operational purpose.
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• Communication of real-time data from seismic stations, tide gauges, BPR's to the early

warning centre is very critical for generating timely tsunami warnings. An end to end

communication plan has been worked out in collaboration with the Indian Space Research

Organisation (ISRO) that envisages use of INSAT DRT for one way and INSAT MSS for

two way communication from tide gauges and BPR's. Procurement and installation of

INSAT Satellite Communication facilities at INCOIS have been initiated. Firms have been

identified for supply and installation of INSAT Hub Station as well as DRT and MSS

Terminals. In addition, VSAT network, dedicated broadband internet and INMARSAT

reception facilities are also being established.

Tsunami Modelling

VSAT Terminal with 4.5 m Antenna
established at INCOIS

Data, Audio and Video Conferencing equipment
for Disaster Management Support
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• The Virtual Private Network for Disaster Management Support (VPNDMS) node has

been set up at INCOIS that facilitates reliable connectivity to the Ministry of Home Affairs

for dissemination of advisories. In addition, INCOIS is also working on technological

options that facilitate dissemination of warnings directly to the public through mass media,

IMD Cyclone Warning Centers, PFZ Electronic Display Boards, Mobile SMS Messages,

telephones, etc.

2.1.9. R&D in Seismology & Ocean Science

• Projects have already been initiated in collaboration with National Institute of

Oceanography, Institute of Mathematical Sciences and Survey of India on (a) optimisation

of BPR locations and (b) Tsunami Source Characterisation using tide gauge records.

• Workshops have been organised in January and March 2007 with participation of national

institutes, to work out a log-term and focused research plan in (a) developing tectonic

model of the Andaman Trench and (b) History of tsunamis, respectively.

2.1.10 Capacity Building, Training and Education

• Actions have been initiated for generating easily understandable publicity material on

earthquake, tsunami and storm surges in vernacular languages to be distributed to the

general public.

• A dedicated multi-lingual web-site is also being developed to provide information on

tsunamis and storm surges.

2.2. Potential Fishing Zone Advisory Service

The Ministry of Earth Sciences, Government of India has formulated a programme to provide the

fishing community with credible advisories on Potential Fishing Zones (PFZ). This mission is part of

the "Common Minimum Programme (CMP)" of the Government of India. These advisories are generated

by using satellite data of the entire coastline of the country in a mission mode with active participation

of all stakeholders.

PFZ advisories were generated based on the features such as oceanic fronts, meandering patterns,

eddies, rings, up-welling areas as seen on sea surface temperature (SST) and chlorophyll images.

The integrated PFZ advisories prepared in local languages and local measurement units were

disseminated thrice a week during non-ban (April 15 -May 31 on the East Coast; June 15 - August 10

on West Coast) and cloud-free days, through innovative and novel initiatives such as electronic display

boards and information kiosks at the fishing harbours, Doordarshan, print media, emails and through

INCOIS web site supplemented fax and telephone. This is the only short-term forecast available to the

fishing community of the country. These advisories were issued on every Monday, Wednesday and

Friday.
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It has been observed that the PFZ advisories were more beneficial to artisanal, motorised and small

mechanised sector fishermen engaged in pelagic fishing activities such as ring seining, gill netting,

etc. thereby reducing the searching time which in turn result in the saving of valuable fuel oil and also

human effort. The reduction in searching time was found to be 30-70%.

The significant achievements during the period under report are as follows:

Dissemination and Usage of PFZ Advisories

The chart below provides the statistics about the number of forecasts provided to each sector of the

country.

The usage of PFZ has increased considerably. About 27 percent fishermen are using these PFZ
advisories. The following chart shows the improvement in the number of users of PFZ advisories from
2002 - 2007 for each mode of dissemination.
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A Proto-type Electronic Display Board equipped with GSM Communication and capability of multi-

lingual text messages display, voice messages and siren for disaster alerts was developed and

successfully demonstrated.

Two such Electronic Display Boards were installed at Srayikkad, Alappad Panchayat, Kerala on
December 20, 2006 in collaboration with the Amritapuri Ashram and at Cuddalore OT Harbour on
February 20, 2007 in collaboration with the Pondicherry Multipurpose Social Service Society (PMSSS).

A workshop on 'Present Status and Improvements in the PFZ Mission' was organised on August 18,
2006. Scientists from Central Institute of Fishery Technology (CIFT), Central Institute of Fishery
Education (CIFE), Mumbai, FSI, Gujarat State Fishery Department, Space Applications Centre,
Ahmedabad, National Remote Sensing Agency (NRSA), Hyderabad and Principal Investigators of
PFZ Validation Projects from various states have participated in this workshop. The Workshop discussed
about improvements in the advisories by incorporation of wind parameter, species specific forecast
for tuna and extending this service to the Indian Ocean countries.

Prototype Electronic Display Board
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Validation of PFZ Advisories

• INCOIS had undertaken PFZ Validation projects in collaboration with academia and

institutes in Ratnagiri, Goa, Mangalore, Kerala, Machilipatnam and Gopalpur to validate

the advisories and to assess the potential benefits to the fishermen. During the year, the

validation projects have been extended to other coastal areas, i.e. Visakhapatnam, Off

Chennai, and South West Coast of Tamilnadu

• It has also been noted from the quantitative results of the fishing operations done by

identical vessels simultaneously within and outside PFZ area, that the average income

of vessels operated in the PFZ areas were considerably higher than (2 to 4 times) vessels operated

in non-PFZ areas. Fishing expenses were also comparatively less for vessels which operated

within PFZ. Also it was found that the commercially important species are more abundant in

PFZ areas.

Awareness and Training Programmes

A series of training programmes were organized.

(i) The producers of Doordarshan Kendras on November 01, 2006 and November 15,

2006 were trained to make telecast of PFZ advisories through DD Kendras

programmes.

(ii) The producers of Kisan Vani Stations spread across the country on November 29,

2006, December 06 & 13, 2006 were trained to make broadcast of PFZ advisories

through All India Radio (AIR) programmes.

(iii) An User Interaction Meeting on 'Potential Fishing Zone Advisory Services' was organised

at the Fishing Harbour in Visakhapatnam on  September 29, 2006 by INCOIS and

Centre for Studies on Bay of Bengal, Andhra University. More than 200 fishermen, boat

operators and officials from Andhra Pradesh State Fisheries Department participated

in this meet.

PFZ User Interaction Meeting at Visakhapatnam
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(iv) A training programme on 'PFZ Methodologies' was organised for the officials from the

Ministry of Fisheries, Agriculture and Marine Resources of the Government of Maldives

during October 3-13, 2006 at INCOIS. The training programme included a series of

lecturers by experts in the field of remote sensing, ocean colour, digital image processing

& GIS and fisheries apart from potential fishing zone methodologies, generation and

dissemination.

2.3 Ocean State Forecast (OSF)

Reliable forecast of the ocean state is vital to the shipping, fishery, offshore industries, ports and

harbours as well as to navy and coast guards for the safe travel and operations in the sea.

Open ocean forecast

INCOIS has been operationally providing forecast of wave, swell and wind parameters for next five

days at six hourly intervals at 150 km spatial resolution for the tropical Indian Ocean. Forecast of tidal

currents is also being provided to Gujarat and Maharashtra coast (Ratnagiri to Porbandar) for five

days at three hourly intervals (7 km x 7 km grid resolution).

• Ocean State Forecast products were generated using WAM Model and disseminated

through INCOIS website, e-mail, etc.

• OSF products were validated with the in-situ and satellite data. The results indicated that

the forecast is reliable for two days. Validation of model output wave heights was done

for various ranges of wave heights. The percentage error varies from ~10% to 30 % for

the first day forecast.

• More than 200 users from fishery, petroleum, oil, offshore sectors, navy, coast guard and

academia downloaded the OSF products from INCOIS website. The following graph

shows the hits for the period 2006-07.
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Coastal Ocean forecast

• MIKE 21 SW, a new generation spectral wind wave model, based on unstructured meshes

was used to simulate the growth, decay and transformation of wind generated waves and

swell in offshore and coastal areas. The model was fine tuned and forced with QuickSCAT

winds for one year and validated with the moored buoy data. Further the model was

forced with NCEP analysed winds. The sensitivity analysis of the model was carried out.

Subsequently the model has been set up in forecast mode.

• Simulation of Waves Near-shore (SWAN) model has been customized with cartesian grids of 1.5

degree resolution in geographical space and logarithmic frequency scaling in frequency space

starting from 0.0418 Hz to 1 Hz to forecast coastal waves. Directional resolution was chosen as

12°. The time step for source terms and propagation was chosen as 20 min. In order to

generate the boundary conditions, WAM cycle 3 (for the region 30°S to 30°N and 30°E to

120°E) was installed and the two models were coupled. The coupled model underestimated

wave heights. The probable reason being the inaccurate boundary forcing. In order to

Model set up for Coastal Wave Forecast for Pondichery, Cuddalore and Kariakkal
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take into account the swells generated in the Southern Ocean, the WAM model region

was extended up to 60°S. More experimentation is underway.

• The OSF information on wave height & direction, wind speed & direction were disseminated

through public addressing system at 20 Village Information Centres in Pondicherry as well as

through All India Radio and Pondicherry FM station for three districts Cuddalore, Pondicherry and

Karaikal in collaboration with the Pondicherry Multi Purpose Social Service Society (PMSSS). The

broadcast is given thrice a day in local units for different locations from the coast.
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Training and User Interaction

• Training program on ‘Ocean Weather Forecast and Fishery Forecast’ was organised for thirty
members of the Pondicherry Multipurpose Social Service Society (PSMSS), a prominent NGO
based at Pondicherry during October 26-27, 2006. Lectures and practical sessions on Ocean
State and Fisheries forecast were conducted. Users were trained in obtaining the
information from INCOIS about the Ocean State Forecast and Potential Fishing Zone
Advisories and disseminating them to the Village Information Centers.

• Training program on ‘Ocean State Forecast and Ocean Observation Systems’ was organised for
officers from different institutes of the Indian Navy was organised on 14 July 2006 at INCOIS. Nine
officers from different institutes of the Indian Navy attended the training program.

• Training program on ‘Ocean state forecast’ was organised for the Indian Coast Guard, East Coast
regional Centers on 24 July, 2006. All regional offices of Coast Guard were registered to get the
OSF Information.

Initiations for Oil Spill Trajectory Prediction System

INCOIS has been identified as the nodal agency for the forecasting of Oil Spill Trajectory. The GENOME

model developed by NOAA, USA was customized by ICMAM for the Indian coast and interfaced with a

GIS data base of selected sensitive areas was setup at INCOIS. The model predicts oil spill trajectory,

amount of oil beached and the area affected. The Coast Guard surveillance ships / Indian Navy passing

vessels or Maritime Rescue Centre is envisaged to provide information of quantity and location of the

oil spill. Timely information on movement of oil spill would help to prevent movement of oil to sensitive

coastal habitats (corals, mangroves, beaches, lagoons) and damage to marine life.

2.4. Ocean Information Bank and Web-based Services

2.4.1 Ocean Information Bank

Ocean Information Bank is the one stop shop for providing information on physical, chemical, biological

and geological parameters of ocean and coasts on spatial and temporal domains that is vital for both

Indian Coast Guard Officers at INCOIS Training to PMSSS officers

18



research and operational oceanography. The Ocean Information Bank is supported by the data retrieved

from both the in-situ platforms and satellites as well as by a chain of Marine Data Centres.

The Ocean Information Bank was updated regularly and consists of the following data sets for facilitating

its user community:

In-situ Data

• Argo Float (Temperature & Salinity Profiles) – 2001-2007

• Moored Buoy (Surface Met-Ocean Parameters) – 2002-2007

• Drifting Buoys (Surface Met-Ocean Parameters) - 1991-2007

• XBT Observations (Temperature Profiles) - 1990 -2007

• Current Meter Data (Current Vector) - 2002-04

Remote Sensing Data

• AVHRR-NOAA (SST) - 2001-2007

• MODIS-Terra & Aqua (Met-Ocean Parameters) - 2005-2007

• OCM-IRSP4 (Chlorophyll) - 2002-2006

• Altimeter (SSH) - 1990-2007

• TMI (SST, Rainfall, Wind Speed) - 1997-2007

• Quikscat (Wind Vector) - 1998-2007

• SeaWifs (Chlorophyll) - 2000-2006

Model/Reanalysis Data

• Simple Oceanographic Data Assimilation (Temperature, Salinity and Currents) -

1955-2001

• Joint Environmental Data Analysis Centre (Temperature Profiles) - 1955-2004

• National Centre for Environmental Prediction (surface meteorology and fluxes) - 1950

2005)

• CMAP (Rainfall) - 1979-2006

Maps

• PFZ Maps from 1992 onwards along the Indian coastline and Islands (for non-monsoon

months)

• Coastal topographic Maps from Nellore to Orissa border on 1:25,00 Scale

• Bathymetry charts for the entire coast of India inclding Islands on 1:15,000 / 1:50,000 /  1:

1,50,000 Scale

• Coastal Regulatory Zone maps - Land Use on 1:25,000 Scale, Aquaculture and Wetlands

on 1:50,000 Scale

• Digital Coastal Regulatory Zone Land use maps for Gujarat Coast on 1:25,000 Scale
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Marine Data Centres:  A network of 14 Marine Data Centres (MDC) was established by DOD in the

90's under the Marine Satellite Information System (MARSIS) Programme, in national laboratories

and academic institutions to collect, collate and archieve data.

INCOIS plans to strengthen the ocean information bank with the data generated from the chain of

marine data centres, MoES institutions, academia, etc. by networking of these centres and enabling

them on the INCOIS web-site with appropriate access privileges.

Apart from serving as a national repository of marine data, the INCOIS has been designated as the

National Oceanographic Data Centre from India, also acts as national contact point for the International

Oceanographic Data and Information Exchange (IODE), and Global Ocean Observing System (GOOS)-

programmes of Intergovernmental Oceanographic Commission (IOC).

2.4.2 Web-based Services

INCOIS Website (www.incois.gov.in) matured as a prime vehicle for delivery of ocean data, information

and advisory services especially in the areas of (i) Potential Fishing Zone, (ii) Indian Ocean Argo

Project, (iii) Ocean State Forecast and (iv) IOGOOS. The web-based multi-lingual on-line information

delivery system with Web-GIS capability enables the users to query, analyse, visualise and download

ocean data, information and advisories for their regions of interest. This has been widely used website

among wide spectrum of users.

The content updation of INCOIS Website was carried out and several new web pages were developed.

INCOIS has initiated the development of data warehouse and data mining facility to improve the

functionality of the website and maintain a centralised repository of enterprise data. A data base was

designed using Oracle data warehousing tools for managing in-situ as well as remote sensing data. A

GIS-based interface for selection and retrieval of data from various observing platforms in the Indian

Ocean was developed.  About 10,000 users have been accessing various products through website.

The statistics of INCOIS web-site usage during the period April 2006 - Mar 2007 is given below:
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Statistics of INCOIS Webpage Views

3. Ocean Observations, Ocean Modelling and
Satellite Oceanography

3.1 Indian Argo Project
The Indian Argo Project has been implemented by the Indian National Center for Ocean Information
Services (INCOIS), Hyderabad jointly with the National Institute of Ocean Technology (NIOT), Chennai,
and the Center for Atmospheric and Ocean Sciences (CAOS) of Indian Institute of Science, Bangalore.

Several R&D institutions, operational agencies including the National Institute of Oceanography, Goa,
Space Applications Centre, Ahmedabad, National Remote Sensing Agency, Hyderabad, Indian Institute
of Tropical Meteorology, Pune, National Centre for Medium range Weather Forecasting, New Delhi,
Centre for Mathematical Modelling and Computer Simulation, Bangalore participate in the utilization of
Argo data. Efforts are underway to encourage and enable academic institutions in this endeavour.

Floats deployed and their performance

During the year 2006-07, 15 floats including two floats with oxygen sensors were deployed in the

Floats deployed by India Floats deployed by other countries in
the Indian Ocean



Indian Ocean. The cumulative floats and profiles deployed by India and those deployed in the
Indian Ocean are shown in figures.

Quality Control of Argo Data

INCOIS carried out three level Quality Controls, viz., automatic quality control, visual quality control
and objective analysis for generating data with correct quality flags. All the data starting from October
2002 were reprocessed and net Common Data format (NetCDF) files are generated and uploaded on
to Global Data Assembly Centre (GDAC).

Delayed Mode QC

INCOIS started generating and uploading Data files to GDAC form July 2006. 93 eligible floats were
subjected to Delayed Mode Quality Checks (DMQC) and only 81 of them were uploaded. The remaining
floats are to be treated differently as they fall under data sparse region.  Typical float profile before and
after salinity correction is shown in the figure.

Trajectory data:

The Argo trajectory files for floats deployed by India after 2004 were processed according to Argo data

management version 2.1 manual from raw ADS format. A total of 67 trajectory netCDF files are uploaded

to the GDAC. The trajectory files for the rest of the floats are under processing.
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Total no of Floats RTQC DMQC Trajectory
deployed by India

122 122 93 67

Data before and after DMQC with error bar at 9oC and 12oC potential
temperature levels have been shown. Blue curve is the original data which

shows drift (after 60th profile), red curve with error bars is the climatological data.
Green curve shown after salinity correction and its thickness is the uncertainty

of correction.
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Argo Regional Data Center and Basin level co-ordination (Indian Ocean)

Indian National Centre for Ocean Information Services (INCOIS), India acts as Argo Regional Data

center (ARC) for the Indian Ocean region. The float density in Indian Ocean as on Feb 15, 2007 is

shown below.

Efforts are underway for updating Indian Ocean reference data sets using high quality CTD data

collected using Indian Research Vessels. Some of the CTD data were submitted to CCHDO through

Coriolis Data Center and soon these data will also made available from ARC-Indian Ocean webpage.

A separate study has been initiated with the National Institute of Oceanography and the Indian Institute

of Technology for making Reference data base for DMQC, Indian Ocean Atlas and validation of profile

data (Real-time and Delayed mode) with CTD and recent Argo profiles.

Web services

Data from Indian Ocean Argo floats were made available at ARC-Indian Ocean WEB-GIS site [http://

www.incois.gov.in/website/argonew/viewer.htm], wherein users can query with desired time, depth

and parameters and download the required data in ASCII format for a single float or group of floats. All

the active and inactive floats data were made available in this site.

Data from the Indian Ocean region were gridded into 3ºx3º box for monthly and 10 day intervals.

These gridded data sets were made available through Live Access Server (LAS). [http://

las.incois.gov.in:8080/las/servlets /dataset?catitem=1]. Users can view and download data/images in

their desired format.

Value -added Products

As a part of ARC activities, the following value added products were generated using all available Argo

floats in the Indian Ocean. Waterfall plots of temperature, salinity and density (to show consistency of

the data), sea surface temperature, sea surface salinity, T-S plots, time-series of surface pressure &

maximum profile pressure by float type were generated automatically and published on INCOIS website.

Float Density



Gridded monthly products such as spatial variation of i) sea surface temperature, ii) sea surface

salinity, iii) mixed layer depth, iv) heat content up to 300 m depth, up to thermocline depth and up to 26

deg isotherms, v) geostrophic currents, vi) dynamic height, etc are generated. These products were

available on the website of INCOIS. Users can directly compare how these parameters changes

during different months from 2002 to the present.  Gridded data are available with INCOIS Live access

Server (http://www.incois.gov.in/argo/arc/las.jsp). A sample of value added products is shown below.

Applications of Argo Data

The Argo has been used for following applications.

• Upper ocean response and to improve the predictive capability of the intensity and track

of the cyclone

– The heat content (HC) from merged satellite product SLA and Argo data was computed

and compared for five cyclone genesis locations. HC was also computed from SLA

under the track of eye of the cyclone before and after the event. Precipitation and SST

were derived for all the 5 cyclone genesis locations to verify the cause of low dense

water formation prior to the cyclone triggering.

• Structure and variability of the Indian ocean

– The intra-seasonal variability of sub-surface temperature and salinity in the equatorial

Indian Ocean was studied using the data from Argo floats and Tropical Atlantic

Oceanographic (TAO) moorings. A relation between thermocline depth, dynamic height

and sea surface height anomaly in the Arabian Sea and Bay of Bengal was established

using the data from Argo floats and altimeter data.
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Argo Data Products on INCOIS Website
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– Spatial and temporal variations of mixed layer depth (MLD) in the Arabian Sea and Bay of

Bengal were computed using Argo float data.

– The Argo float observations during the pre and post Tsunami event were analysed to

study the thermohaline changes in the southern Bay of Bengal. Drop of 0.5°C in

temperature and reduction of 0.2 psu in salinity observation were noticed in the upper

50 m layer. Further, a thermal inversion was also observed in some of the locations in

this region. Studies are underway to explain changes in the thermohaline structure in the

Bay of Bengal after the tsunami event.

– A new method for mean dynamic topography (MDT) was developed utilizing Argo data in

describing the monthly circulation and major eddy fields of Arabian Sea for the period

2004 and 2005.

– Steric height or dynamic height is the thermal expansion of water column and is a measure

of upper ocean heat content. The variations of sea surface height anomaly (SSHA),

measured from altimeter are similar to the variations of dynamic height for the region

where pressure gradient is less (currents are small). In order to identify the regions

where the dynamic height is matching with SSHA, Argo floats data were used to compute

the dynamic height for the Arabian Sea and the Bay of Bengal. It is found that SSHA is

matching well with dynamic height in the Arabian sea averaged over large area.

Comparison of SSHA derived from Altimeter data and
dynamic height from Argo float data



• To study the response of the North Indian Ocean to the summer monsoon

– The upper ocean variations of heat content at different depths (50 m, 26 deg isotherm

and 20 deg isotherm) and surface salinity observed by Argo floats during three consecutive

monsoon periods (2002-2004) were studied and the relation between heat content in the

Arabian Sea and all India Monsoon rainfall was examined.

• To study short-term variability of Sound Velocity

– Spatial and Temporal variability of Sonic Layer Depth (SLD) in the Arabian Sea is studied using
Argo TS profiles. High SLD values are observed during monsoons. Examination of SLD in
selected areas revealed that surface flux plays a dominant role in SLD in the Northern
Arabian Sea (NAS), whereas in the southern Arabian Sea (SAS) both winds and flux
contribute to change in SLD.

Comparison of Argo near surface temperature with AMSR-E and TMI Sea surface temperature
over the Indian Ocean

Sea Surface Temperature (SST) derived from Advanced Microwave Scanning Radiometer for the

Earth Observing System (AMSR-E) and TRMM Microwave Imager (TMI) are compared with the near

surface temperature (foundation-SST) measurements obtained from Argo floats over the Indian Ocean.

The spatial variation has been compared for 2002-2006, whereas for the temporal variation, collocated

observations from 11 floats have been used.
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Variability of SLD in the northern, central and
southern Arabian Sea (NAS,CAS and SAS)
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The results show that TMI and AMSR-E measurements are slightly over-estimated during pre and

post summer monsoon and underestimated during monsoon season. Statistical analysis shows that

SST from AMSR-E is found to be better correlated with Argo foundation-SST compared to TMI. The

standard deviations (SD) and root-mean-square-error (RMSE) for AMSR-E are 0.58 ºC and 0.35 ºC

over the Equatorial Indian Ocean (EIO). The corresponding values for TMI are 0.66 ºC and 0.47 ºC.

However, over the Arabian Sea although SD values are slightly higher compared to EIO values, RMSE

values are less for both TMI and AMSR-E, respectively. These retrieval accuracies are below the

expected accuracy. The seasonal average spatial distribution of AMSR-E SST show better match

with the Argo foundation-SST compared to TMI distributions. The robustness of the good spatial match

during monsoon season may be attributed due to the strong wind.

Combination of altimeter and Argo data with Quickscat winds in deriving currents in Indian
Ocean - A promising approach

Hydrographic measurements from Argo float array and satellite derived sea level anomalies were

used for computation of basin scale geostrophic circulation of Indian Ocean for the period of January

2004 to June 2007. The geostrophic currents were augmented with Ekman component computed

using contemporary Quick-Scat winds to get total currents for the same period. The derived current

speeds were compared with reported velocities from literature and also with ADCP currents collected

during World Ocean Circulation Experiment (WOCE) which are found to be in agreement.

SST from TMI and AMSR-E Was compared with
Float 2900211 daily data in the Arabian Sea



3.2 Ocean Modelling

INCOIS continued ocean modelling activities contributing to weather, monsoon, climate forecast by

forcing functions for atmospheric models, to study the variability of ocean and marine environment

and simulation experiments to optimize the observation system.

The main objectives of the ocean modeling activities at INCOIS are
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WOCE section (Left) Feb-Mar (1995) & ARGOTPXQ(Right)
Feb-Mar (2006)-(Feb-blue, Mar-black)

Total current in the Indian Ocean for 2006,
(background is the current speed in m/s)
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• Providing description of past, present and future state of ocean at appropriate time and

spatial scales,

• Contribute to weather/monsoon/climate forecast by providing forcing for atmospheric

models,

• Understanding the variability of ocean and marine environment and

• To optimize the marine observation system.

Various steps involved in achieving these targets are

• customize and set up the required ocean models,

• make necessary changes such as mixing schemes used in the model, model physics,

input forcing files, etc. to simulate the observed climatological features,

• conduct simulations with realistic forcing and validate the simulations with available

observations,

• assimilate available observations to obtain good initial conditions for the model for forecast

simulations,

• conduct hindcast experiments and validate the simulations with observations,

• conduct forecast simulations in the experimental basis and validate the simulations with

observations and

• operationalize the forecasting system.

Modular Ocean Model (MOM) and Regional Ocean Modeling System (ROMS) were configured for the

Indian Ocean region. The MOMp0d version, with horizontal resolution of 1x1 degree and with 28 vertical

levels is integrated for 25 years from the cold start for spinning up using daily climatological radiative

fluxes and winds. After the spin-up, the model is integrated further for one more year. The surface

MOM 4 Model simulated currents for January and July



current simulated by the model matches well with the observations. The model also captured many of

the observed features in the northern Indian Ocean. The model is also set up for high resolution (1/3

degree) for benchmark tests.

Regional Ocean Modelling System (ROMS 2.2) was setup for the Indo-Pacific region with
1/3 degree resolution and 40 vertical levels. ROMS is a split explicit, free surface, hydrostatic primitive
equation ocean model that uses stretched, terrain-following vertical co-ordinate system. This model
has a built in data assimilation option, which can be used for preparing initial conditions for the forecast
simulations. In the present setup, the model uses bulk flux parameterization for the flux correction. It is
forced with HOAPS fresh water flux and UNESCO river discharge data. Several experiments were
conducted to understand the influence of forcing fields and boundary conditions. The simulations are
compared with available observations. The model could simulate the climatological features of
temperature and currents well. The model is then forced with observed forcing for the period 1998-
2006. It could simulate many of the inter-annual features of the Indian Ocean very well. Experiments
are underway to understand the influence of forcing in the inter-annual simulations.

A brainstorming meeting on ‘Numerical Models for a Forecasting System’ for India was organised at INCOIS
with scientists from INCOIS, NIO and IISc. The meeting identified “workhorse models” MOM & ROMS for
prediction of circulation and wind-wave field and SWAN & WAM for wind-waves.  In addition to this, effort
would also be made to predict key biogeochemical variables in the vicinity of “hot-spots” from the point of
view of pollution. The requirements of long-term observational program were identified to support the
forecasting system as well as for model validation and data assimilation  Further, the meeting identified
specific actions for the next one year to initiate a coordinated programme of research between INCOIS,

NIO and CAOS (IISc).

3.3 Indian Ocean Modelling and Dynamics (INDOMOD) Project

INDOMOD project focuses towards the end goal of achieving ocean predictability and enabling climate

predictability in a mission-mode with concomitant efforts in modelling, data assimilation and validation.

The project envisages participation of several institutions, with a mission to enhance the basic

understanding and knowledge base on oceanic and atmospheric processes and catastrophic weather

events and improve operational prediction.

ROMS-2.2 Model current simulation results for January and July
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A national team with a network of institutions viz. CAOS/IISc, CAS/IIT-D, Centre for Mathematical

Modelling and Computer Simulation (C-MMACS), Indian Institute of Tropical Meteorology (IITM), IMD,

NIO, NCMRWF, Naval Physical Oceanographic Laboratory (NPOL), NRSA, SAC and SOI played a

key role in realising this mission.

Module-1: Ocean and Climate (IISc, IITM, NIO, C-MMACS)

• Ocean general circulation models viz. MOM, POP, OPA and atmospheric general circulation

models such as CCM-3, COLA, UK-Met and Hydra for hydrological models were used for

understanding the dynamics and thermodynamics of Upper Ocean.

• 28 papers were published and 2 Ph. Ds were awarded.

Module-2: Coastal Ocean (IIT-D)

• WAM, SWAN and POM model were used for generating wave near the coast. WAM was

successfully nested with coastal wave model (SWAN).

• Sediment transport model developed under this module will be used on operational basis at

INCOIS after validation.

• 4 papers were published and 2 Ph. Ds were awarded.

Module-3: Hazardous Events (IIT-D, NRSA)

• NCAR’s MM5, NRL’s COAMPS and 1-D Price model were used for hindcasting the track

and intensity of the storm.

• The track and intensity of the storm were better simulated using satellite observed SST for

initial conditions instead of weekly SST. Incorporation of mixed layer depth and upper ocean

heat content is under progress.

Module-4: Ocean Data Assimilation (IISc, C-MMACS, NCMRWF, IITM)

• High resolution Indian Ocean Model based on MOM4 and POM has been configured for

ocean data assimilation. Altimeter data was assimilated and compared the model temperature

with Argo temperature. Assimilation of Argo profiles is under progress.

Module-5: Observations for validation of Models (NIO)

• 10 Drifter buoys were deployed.

• XBT observations were carried out along the Kochi-Lakshadweep Islands.

• The Equatorial Current Meter Mooring Arrays were retrieved and redeployed in the Indian

Ocean.

• The data from all these observing systems were made available through INCOIS and

NIO website and have been effectively used in various modelling studies.
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3.4 Satellite Coastal and Oceanographic Research (SATCORE)
Project

INCOIS, jointly with the Space Applications Centre (SAC), Ahmedabad played a catalytic and facilitating

role in building national capability for application of satellite remote sensing for oceans and coasts.

SATCORE Project envisaged development of various algorithms and models for retrieval of met-

ocean parameters (e.g. sea surface temperature, winds, wave parameters, bathymetry, suspended

matter, mixed layer depth, chlorophyll, aerosol, water vapour, clouds, currents and sea level) from the

data from Indian and foreign satellite sensors including Oceansat-1 (IRS P4). Besides, this Project

carried out diagnostic studies and generation of forecast models, customisation of algorithms and

development of related software packages.

Projects in the field of satellite meteorology, physical oceanography, ocean colour & biology, coastal &

geology and calibration-validation sites have been taken up under SATCORE in collaboration with the

Space Applications Centre (SAC), National Remote Sensing Agency (NRSA) and Fishery Survey of

India (FSI).

Significant progress has been made in retrieval of parameters, viz. atmospheric motion vectors (AMV),

upper tropospheric humidity (UTH), rainfall, SST, etc. from the satellite data. Progress been made in

Ocean Colour & Biology is also given below:

• An artificial neural network (ANN) based chlorophyll-a algorithm was developed to estimate

chlorophyll-a concentration using OCEANSAT-I Ocean Colour Monitor (OCM) satellite

data. The atmospheric correction of ocean colour data, especially over turbid waters,

was implemented using OCM data for the Gulf of Khambhat and Hoogly estuary regions.

The spatial homogeneity approach has shown good potential to estimate accurate water

leaving radiances for highly turbid waters.

• An approach for inclusion on satellite-derived wind vector along with chlorophyll

concentration and SST was developed and validated through near real time fishing

operations for two years by the Space Applications Centre (SAC). Validation results

indicated 80-82% success rate.

• An approach is being developed for locating tuna habitat in the EEZ of India. The results

indicated that a minimum chlorophyll patch size of 22 km, 5-7 days time lag for

development of suitable conditions, water transparency of about 25-30 meters and

26-28 Deg C temperature are the ideal conditions for predicting the tuna sites.

• A holistic approach was developed in assessing coral reef health that takes care of coral

ecosystems, global warming and local environmental factors simultaneously.

• The development of CAL-VAL Site at Kavaratti is progressing well.
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4. Infrastructure Development
4.1 Campus Development

INCOIS is functioning from its permanent campus developed at Hyderabad in a 50 acre land with state-of-
the-art facilities and the right ambience for an S&T institution. INCOIS initiated actions to acquire the
adjacent 10 acre land and approached the Ranga Reddy District administration. Efforts are underway to
furnish the Seminar Block with necessary equipment. The block includes the Video Conference Studio,
Conference Hall and Training Room.

Video Conferencing equipment was setup at INCOIS. This facilitates Video Conferencing with the Ministry
of Earth Sciences, Delhi, National Institute of Ocean Technology, Chennai and National Centre for Antarctic
Ocean Research.

Access Control System was enabled in the INCOIS Campus as part of the Building Management
System. The system facilitates automatic attendance and controlled access to various facilities in the
campus.

4.2 Computational Infrastructure

During the year, the hardware/software pertaining to Enterprise Storage Server, Web Environment, ip SAN

storage server, File Server, Database Server, Firewall, e-library, Satellite Data Acquisition and Processing

System, desktop systems and, various peripherals were upgraded at INCOIS.

To meet its enterprise storage needs especially in the area of Ocean Modelling, INCOIS procured

3-Tier SAN Based Storage Consolidation using Disk Storage and Three tier Hierarchical Storage

Management (Fibre Channel Disk Storage, SATA Storage, LTO Gen-3 Tape Library, SAN Fabric, NAS

Head System, etc) based on Sun StorageTek solution from M/s Sun Microsystems. This includes

22 TB of Fibre Storage, 50 TB of SATA storage and 80 TB of LTO.
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The computational facilities of INCOIS comprising high end UNIX servers, UNIX workstations, Windows
2000 servers, Windows 2000 workstations, Enterprise Storage Server, Pentium IV Desk Top Systems
and peripherals connected using both fibre and Gigabit Ethernet network were utilised fully, and in
some cases round-the clock.

INCOIS utilised for its operational and developmental studies, a wide range of software packages
including:

a) Standard packages such as ERDAS, ENVI and E-Cognition (for image analysis), Arc
Info, Arc SDE and Arc IMS (for GIS), Oracle 9i (for RDBMS), MATLAB (for data processing
and analysis), Websphere (for web server), MS Exchange, etc.

b) Customised packages from SAC/RRSSC for OCM data processing and analysis and
SST processing software

c) Customised packages from SAC/IIT-D for WAM3GC Model, Price 1D Model and SST
forecast

d) Tidal Circulation model developed by NIO for  the Gulf of Khambat

e) Freeware for Ocean General Circulation Modelling (POM and MOM-4)

5. INCOIS in the International Scene
5.1 Intergovernmental Oceanographic Commission (IOC)

India is the founder member of IOC and also a Member of the Executive Council. Director, INCOIS

participated in the 39th IOC Executive Council Meeting held during June 20-29, 2006 held at Paris,

France.

5.2 Regional Alliance in Indian Ocean for GOOS (IOGOOS)

INCOIS, as the Secretariat for IOGOOS till 2008, has been effectively leading IOGOOS that has taken

a place of pride among such GOOS Regional Alliances. Since its formal launch at the First Indian

Ocean Conference held at Mauritius on November 05, 2002, IOGOOS membership has grown from

19 to 25 institutions from 15 countries. Some of the major initiatives of IOGOOS are (i) the setting up

of Indian Ocean Panel working towards a strategy and implementation plan for Indian Ocean

Observations for Climate, (ii) Data & Information management, (iii) Remote Sensing Capacity Building

Strategy, (iv) Prawn Pilot Project, (v) Keystone Ecosystems Project, (vi) Shoreline change monitoring

project, etc. IOGOOS members have played a key role in Argo deployments and enhancing the tropical

moored buoy array.

Major accomplishments of IOGOOS during the year are as follows:

• IOGOOS Secretariat coordinated and arranged the IOGOOS Workshop & 4th Annual

Meeting (IOGOOS-IV) at Zanzibar, Tanzania during October 10 - 12, 2006. Thirty

participants from 11 countries as well as IOC participated in the Annual Meeting.
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• A science workshop was organised as part of the meeting with scientific talks by eminent

Scientists. The work plan to be pursued by IOGOOS for the next couple of years for each

of its activities was evolved during the meeting

• Dr. Shailesh Nayak, Director, INCOIS was elected as the new Chairman of IOGOOS.

5.3 International Argo Project

International planning for Argo programme is coordinated by the International Argo Steering Team

(IAST). Director, INCOIS is the Member of IAST and also the Regional Coordinator for the International

Argo Programme in the Indian Ocean. INCOIS has been identified as the Regional Argo Data Centre

for the Indian Ocean region. Regional Argo Data Centre has been set up at INCOIS and Basin-level

Coordination is being implemented by INCOIS.

5.4 Partnership for Observation of Global Ocean (POGO)

Partnership for Observation of Global Ocean (POGO) is an international network of major

oceanographic institutions in the world and established to promote and enhance the implementation

and integration of global oceanographic activities. As of now, POGO has 26 institutional members

from 16 countries. INCOIS is the Member of POGO since 2004 and Director, INCOIS is the Executive

Committee Member of POGO up to 2007.

Participants of IOGOOS-IV Meeting held at Zanzibar, Tanzania
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6. General Information
6.1 Deputations Abroad:

Official Meeting/Conference/Training Period

Dr. Shailesh Nayak 39th Session of IOC Executive Council June 20-29, 2006
at Paris, France

3rd Session of Intergovernmental Coordination July 31-Aug 02, 2006
Group for the Indian Ocean Tsunami Warning and
Mitigation System (ICG/IOTWS-III) at Bali, Indonesia.

IOGOOS Workshop and Annual Meeting October 10-12, 2006
(IOGOOS-IV) at Zanzibar, Tanzania

IOGOOS 3rd Forum of GOOS Regional Alliance November 14-17, 2006
(GRA) at Cape Town, South Africa

8th Meeting of Partnership for Observation of the January 14-20, 2007
Global Oceans (POGO-VIII) at Qingadao, China

2nd meeting of INDO_US Joint Working Group at February 26, 2007 to
Washington DC; visit to GSFC, Houston and JPL, March 02, 2007
Los Angeles, USA

Dr. M. Ravichandran Meeting of the Working Group-4 preceding the July 29-30, 2006
3rd Session of the ICG/IOTWS-III at Bali, Indonesia

7th Argo Data Management Meeting at Oct 31 to  Nov 03, 2006,
NMDIS/SOA, Tianjin, China

8th Session of the Argo Steering Team at Paris, March 7-9, 2007
France

Shri. T. Srinivasa International Round Table Dialogue on Earthquake & April 27-28, 2006
Kumar Tsunami Risks in Southeast Asia and the South China

Sea Region’ held at Kuala Lumpur, Malaysia

First meeting of Chlorophyll Pilot Study (Enhanced September 18-22, 2006
Antares Network) held at Plymouth, UK

IOGOOS Workshop and Annual Meeting October 10-12, 2006
(IOGOOS-IV) at Zanzibar, Tanzania

4th Session of the Intergovernmental Co-ordination February 26 to March
Group for the Indian Ocean Tsunami Warning and 02, 2007
Mitigation System (ICG / IOTWS –IV) at Mombasa,
Kenya

Shri. E. Pattabhi ODINCINDIO Data Management Training Workshop May 8-19, 2006
Rama Rao held at IODE Project Office, Oostende, Belgium

19th Session of IOC Committee on International March 12-16, 2007
Oceanographic Data Exchange (IODE) held at
Trieste, Italy

Dr. Sudheer Joseph Argo Delayed mode Quality Control Workshop October 4-8 2006
held at Woods Hole Oceanographic Institute,
Woods Hole, MA, U.S.A

Mr. T V S Uday POGO-IOC-SCOR Fellowship at Coriolis Data September 18, 2006 to
Bhaskar Centre, Brest, France December 15, 2006

36



37

MOU signing at Andhra University

6.2 MoU with Andhra University

INCOIS has entered into a memorandum of understanding (MoU) with the Andhra University (AU),

Visakhapatnam to initiate collaborative  research in Earth and Ocean sciences. The MoU would enable

research and postgraduate students of the University to carry out research at INCOIS. Dr. Shailesh

Nayak, Director, INCOIS and Shri P. Vijaya Prakash, Registrar, Andhra University signed the MoU on

25th March 2007, at Andhra University in the presence of Vice-Chancellor Dr. L.Venugopal Reddy and

Mayor Pulusu Janardhana Rao.

6.3 Workshops

The following workshops were organised during the year 2006-07 at INCOIS

• ‘Ocean model activities and future collaborative work’ between INCOIS scientists and

experts from NANSEN Center, Norway was held at INCOIS on 24th January, 2007.

• “Tectonics / Paleo – Tsunami Research and Development” for evolving research plans
for improving our Understanding on Tectonics & Seismogenic disasters held on January
12, 2007. Several scientists from Geological Survey of India (GSI), Survey of India (SOI),
National Centre for Antarctic Ocean Research (NCAOR), NGRI, NIO, CESS, and IIT Kanpur
presented papers on the occasion.

• A 3-day INDOMOD Workshop-cum-Project Evaluation Meeting held at INCOIS during 31

January to 02 February 2007. Scientists/Researchers from NIO, Goa, IISc, Bangalore,

Andhra University, IIT Kharagpur, IIT Delhi, Annamalai University, Jadavpur University and

Cochin University attended the meeting. The achievements of this project during the past

5 years were presented in this workshop. Proposals for the INDOMOD programme

in the 11th Five year plan were also discussed in the meeting. These proposals envisage

the research and development activities for understanding the variabilities in the ocean



around the Indian subcontinent and development of various components of Ocean

forecast system. Several proposals for the implementation of extensive ocean

observational systems for monitoring the processes in the Indian Ocean and validate the

models developed by various institutions were also presented in the workshop.

6.4 Symposium
The Ministry of Earth Sciences, INCOIS and Indian Space Research Organisation co-sponsored

International Symposium on ‘Geospatial Data bases for Sustainable Development’ at Goa during

September 27-30, 2006. The symposium was organised by the International Society for

Photogrammetry and Remote Sensing (ISPRS) and Indian Society of Remote Sensing (ISRS) and

hosted by Space Application Centre (SAC), Ahmedabad.

6.5 Exhibitions
INCOIS set up a stall in the exhibition of the ‘International Symposium on Geospatial Databases for
Sustainable Development’ to showcase its activities on ocean information and advisory services,

INDOMOD Workshop-cum-Project
Evaluation Meeting

Workshop on  Paleo – Tsunami
Research and Development

Dr. P.S. Goel, Secretary, Ministry of Earth
Sciences inaugurated the four day international

symposium

INCOIS Stall at the symposium exhibition
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ocean observations and early warning system for the tsunami and storm surges in Goa during
September 27-30, 2006.

INCOIS set up a stall in the exhibition of the ‘International Conference on Marine – Hazards and
Opportunities’ organised by the Federation of Indian Chamber of Commerce and Industry at Chennai
during July 3-5, 2006.

6.6 Awareness Programmes

• Documentary films on INCOIS activities ‘PFZ Advisory Services’ and ‘Ocean State Forecast’
were broadcasted under the programme Nayi disha (Saagar Suchana Seva) on Door
Darshan-1 Channel.

• PFZ advisories for the sectors Sourth Andhra Pradesh and North Andhra Pradesh are being
telecast in “Gram Darshini” Programme of DD Saptagiri Channel on every day.

6.7 Awards

• Dr. Shailesh Nayak, Director, INCOIS was conferred with the National Mineral Award for the
year 2005, instituted by the Ministry of Mines, Government of India to honour him for his
extraordinary achievements and outstanding contributions in the field of applied geosciences.

• Dr. M. Ravichandran, Head, MOG, INCOIS has received the Certificate of Merit given to
young scientists for the year 2005 during the celebrations of the Ministry of Earth Sciences
Day on July 26, 2006.

6.8 Fellowships

T V S Udaya Bhaskar, Scientist, INCOIS was selected for the POGO_SCOR Fellowship for the year

2006. Under this programme, he has undergone 3 months training on ‘Argo data processing and real-

time quality control‘, at CORIOLIS Data Center, IFREMER, France during Sep 15-Dec15, 2006.

Dr. Shailesh Nayak, Director, INCOIS receiving
the award from Shri. Sis Ram Ola, Honorable

Minister for Mines, Govt. of India on 14th
February, 2007

Dr. M. Ravichandran, Scientist, INCOIS
receiving the Certificate of Merit from Shri. Kapil

Sibal, Hon’ble Minister for Science and
Technology and Ocean Development.



6.9 Lecture Series

INCOIS started the Lecture Series wherein talks were delivered by eminent Scientists.

• Dr. P. S. Goel, Secretary, Ministry of Earth Sciences delivered the first lecture in this
series on ‘Ministry of Earth Sciences: A Pioneering Vision for A Composite View’ on
May 16, 2006.

• Dr. H. Annamalai, Research Scientist, International Pacific Research Center, University
of Hawaii, USA delivered lectures on ‘Role of ENSO-induced regional SST anomalies on
the Asian Summer Monsoon’ and ‘Quadrapole structure in convection and its implication
on Asian Summer Monsoon intra-seasonal variability’ on June 28 and 29,  2006.

• Dr. George Joseph, Hon. Distinguished Professor, ISRO, delivered the second lecture
on ‘Mission to Moon: Past, Present and Future’ on September 13, 2006.

• Dr. A. Surya Chandra Rao, Research Scientist, Climate Variations Research Program,
Frontier Research System for Global Change, Japan delivered a lecture on ‘Indian Ocean
dipole and its influence on Monsoon rainfall and chlorophyll blooms’ on October 13, 2006.

6.10 Meetings

• The first meeting of the Research Advisory Committee was held at INCOIS on
October 16, 2006

• The tenth meeting of INCOIS Finance Committee was held on February 21, 2007 at
INCOIS.

• The 12th meeting of INCOIS Governing Council and the 1st meeting of Society were held
on March 21, 2007 at MoES, New Delhi.

6.11 Visit of Dignitaries

Dr. B. Bhattacharjee, Hon’ble Member of National Disaster Management Authority visited INCOIS on
December 12, 2006.

6.12 Knowledge Partner for 94 th Indian Science Congress

INCOIS was identified as one of the Knowledge Partners to help in developing the scientific contents
of the themes and be partner in the deliberations of the 94th Indian Science Congress to be held at
Annamalai University, Chidambaram, Tamilnadu during January 3-7, 2007.

6.13 Publications

• Balakrishnan Nair T. M. , Monsoon control on trace metal fluxes in the deep Arabian Sea,
Journal of Earth System Science, Vol. 115, No. 4, August 2006, p. 461.
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• Uday Bhaskar T. V. S., Swain D.,  Ravichandran M. , Inferring mixed-layer depth variability

from Argo observations in the western Indian Ocean. Journal of Marine Research, 64,

393–406, 2006.

• Rao R. R., Girish Kumar M. S., Ravichandran M. , Samala B. K., Sreedevi N. , Observed

mini-cold pool off the southern tip of India and its intrusion into the south central Bay of

Bengal during summer monsoon season, , Geophysical Research Letters, 33, L06607,

doi:10.1029/2005GL025382, March 2006.

• Rao R. R., Girish Kumar M. S., Ravichandran M. , Samala B. K., and Anita G. , Observed

intraseasonal variability of mini-cold pool off the southern tip of India and its intrusion into

the south central Bay of Bengal during summer monsoon season, Geophys. Res. Letters,

Vol. 33, L06607, July 2006.

• Latha G. and Rama Rao E. P. , Surge simulations for 1999 Orissa super cyclone using a

finite element model, Journal Natural Hazards Publisher Springer Netherlands ISSN 0921

030X (Print) 1573-0840 (Online) Issue Volume 40, Number 3 / March, 2007 Category

Original Paper DOI 10.1007/s11069-006-9012-2 Pages 615-625

• Ramakrishnan D., Mohanty K. K., Nayak S ., Vinuchandran R., Mapping the liquefaction

induced soil moisture changes using remote sensing: an attempt to map the earthquake

induced liquefaction around Bhuj, Gujarat, India, Geotechnical and Geological engineering,

24: 1581-1602. 2006

• Bahuguna I. M., Kulkarni A. V., Nayak S.,  Rathore B. P., Negi H. S. and Mathur P., Fusion

of panchromatic and multi-spectral Indian Remote Sensing Satellite images for

identification of the Gangotri Glacier snout, Geological Survey of India Special Publication

Number 80, pp. 53-60. 2006

6.14 Conference Proceedings

• Murty V. S. N.,  Murali Krishna  S., Nagaraju  A., Somayajulu Y. K., Ramesh Babu V.,

Sengupta D., Sindu P. R., Ravichandran M., Rajesh G. , On the warm pool dynamics in

the southeastern Arabian Sea during April – May 2005 based on the satellite remote

sensing and ARGO float data, Proceedings of the Remote Sensing of the Marine

Environment Conference, 5th International Asia Pacific Remote Sensing Symposium,

2006. [Ed. R. Frouin, V. K. Agarwal, H. Kawamura, S. Nayak , P. Delu], Proc. of SPIE Vol.

6406, 640616, (2006), 0277-786X, doi: 10.1117/12.694254

• Raghavan B.R., Sunil Kumar B., Shylini S.K., Mahendra R. S. , Raman M., Chauhan P.,

Nayak S. , Summer Chlorophyll-a distribution in the Eastern Arabian Sea off Karnataka

Goa Coast from Satellite and In-situ Observations, Proceedings of SPIE - Remote Sensing

of the Marine Environment, (Ed. R. Frouin, V. K. Agarwal, H. Kawamura, S. Nayak , P.

Delu), Volume 6406, 64060W, (2006), doi:10.1117/12.694232.



• Proceedings of the ISPRS commission IV symposium (A & B): Geospatial Databases

for sustainable Development, September 27 - 30, 2006, Goa, India (Ed. S. Nayak , J.K.

Garg and S.K. Pathan), Space Application Centre (ISRO), Ahmedabad, 1060 p.

• Banerjee R., Bahuguna I. M. and Nayak S, Analysis of DEM from across track stereo

pairs for a part of Kachhh region.  Proceedings of the ISPRS Commission IV Symposium,

“Geospatial Databases for Sustainable Development” Vol-XXXVI, Part 4 A, PP. 532-536.

2006

• Chauhan H.B. and Nayak S. Modelling coastal land use, land cover changes to generate

scenario using remote sensing data – a case study in Hazira region of south Gujarat,

Proceedings of the ISPRS Commission IV Symposium, “Geospatial Databases for

Sustainable  Development” Vol-XXXVI, Part 4 B,  PP 871 - 874, 2006.

6.15.Technical Reports

• Satyabana Das, Balakrishnan Nair, Dilip Kumar and Shailesh Nayak, Validation of

the Ocean State Forecast Disseminated from INCOIS, Hyderabad, Report No: INCOIS
ISG-OSF-TR-01-2007, Date: 08 January 2007.

7. Finance
The Report of the Auditors and Audited Accounts of INCOIS for the year 2006-07 are placed as

Appendix-1 to this Report.
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