










































Figure 7.3: Directivity (left) and threat (right) maps for the 8.5 M earthquake occurred off the 
thwest coast of Northern Sumatra on 11  April 2012. Colour codes on the threat map indicate 

regions categorized under ‘Tsunami warning, alert and watch‘ depending on the expected 

tsunami wave heights at those locations. The expected heights of tsunami waves were 

determined based on mathematical model simulations.

thFigure 7.4: Statistics of the ESSO-INCOIS web site hits during the tsunami event on 11  April 

2012   

           

                                                                                                

thFigure 7.5: ITEWC team monitoring the 11  April 2012 Tsunami event.
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th In the past one year period, ITEWC participated in two communication tests held on 13  
thJune 2012 and 12  December 2012. This is part of the periodic exercise to test the communication 

channels with national disaster management offices, the National Tsunami Warning Centres 

(NTWC) of countries in the Indian Ocean region and with other RTSPs in the region. 

The communication tests were coordinated by the Intergovernmental Coordination Group for the 

Indian Ocean Tsunami Warning and Mitigation System (ICG/IOTWS). The COMMs test succeeded 

in validating the process of the Regional Tsunami advisory Service Provider‘ s dissemination to 

National Tsunami Warning Centres (NTWCs); the reception of the messages by NTWCs; their 

access to RTSP password-protected web sites etc. ITEWC successfully disseminated notification 

messages to 23 NTWCs and the other RTSPs (Australia & Indonesia) in the Indian Ocean and also 

received the notification messages from other RTSPs of the Indian Ocean Region.

thThe COMMs test mock drill on 13  June was run considering a 9.0 M earthquake of Sunda 
 o oStrait, Indonesia with epicentre at 6.94 S, 104.70 E.  The COMMs test mock drill was also run on 

th o12  December considering a 9.0 M event of Andaman Islands, India with epicentre at 12.65 N, 
o93.50 E. During both the tests, five bulletins were issued via SMS, Email, GTS and FAX to all the 

recipients.

Figure 7.6: No. of OSF users in various media

Figure 7.7: Reach of OSF Forecasts

7.2. Ocean State Forecasts

7.1.1. Communication Test (COMMs Test)
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7.2.1. Ocean state Forecast for the Maldives

In response to requests from the Maldives government through the Regional Integrated 

Multi-Hazard Early Warning System for Africa and Asia (RIMES) of which India is a founding 

member, ESSO-INCOIS set up the numerical models to provide forecasts on waves, surface 

currents, SST, MLD and ILD on a daily basis for the waters around Maldives Islands.

A dedicated webpage (http://www.incois.gov.in/Incois/osf_rimes/index.jsp) was also set up 

for the dissemination of forecasts directly as well as through RIMES. Location specific 

information/forecasts on ocean state at 21 locations around the Maldives islands are provided on 

a regular basis. It is expected that this service, which is also being provided in the local language of 

the Maldives will benefit a wide spectrum of users including fishermen, local administration, the 

Navy, the Coast Guard and port authorities.

Figure 7.8: Director of Regional Integrated Multi-Hazard Early Warning System for Africa and 

Asia (RIMES), Bangkok, Dr. A.R. Subbiah inaugurated the special forecasting service for 

Maldives during the UIW2013 on 08-03-2013.

Figure 7.9: OSF Web service for the Maldives
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7.2.2 High Wave Alerts

7.2.3. Ocean State Forecasts to Eastern Naval Command

During the past year, ESSO-INCOIS issued 44 ‘High Wave Alerts‘ for different areas along the 

Indian coast. One of the most noted events was during the cyclone “Neelam” which occurred in 

th stthe Bay of Bengal during 28 -31  October 2012. The cyclone made landfall along the Puducherry 

stcoast on 31   October (midnight) 2012. ESSO-INCOIS had provided high wave alerts well in 

advance of the landfall to the users along the Puducherry, Tamil Nadu and Andhra Pradesh coasts. 

This helpful alert was particularly useful in minimizing the loss of life and property during the 

cyclone.

Figure 7.10: Observed (red) and forecasted (green) wave height at Puducherry during the 

passage of cyclone Neelam that had a landfall at Puducherry coast on 31 October (midnight), 

2012.

In order to support the special naval exercises conducted by the Eastern Naval Command of 

th ththe Indian Navy during 8  December – 25  December 2012, ESSO-INCOIS provided customised 

four-day forecasts of winds, waves and currents to Indian Navy. They were useful for the planning 

of the exercises. The Command  Met/Env. Officer appreciated the quality of forecasts.
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Figure 7.11: Letter of appreciation received from the Eastern Naval Command on the 

usefulness of ocean state forecasts.
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7.2.4. Navy DG Varsha project

7.2.5. Assessment of wind energy potential in the western 

offshore ONGC oil fields in Bombay High

Upon the request of the Indian Navy, ESSO-INCOIS undertook a consultancy project titled 

DG Varsha to determine the wave climate around Kakinada-Visakhapatnam coast. Numerical 

models Wave Watch-III (to simulate the waves in offshore areas) and MIKE-21 were used to 

simulate the waves in the area for 20 years (1992 to 2011). The model derived wave parameter 

values were first validated using available observations before constructing the wave climate 

along the coast. Histograms and rose diagrams of wind and waves statistical tables were utilised 

to understand the Wave Height vs. Wave Direction and Wave Height vs. Wave Period 

relationships. Extreme value analysis to determine the Extreme Wave Heights and Joint 

Probability Analysis between Water Levels and Wave Heights also were carried out. The report 

was submitted to the Naval Head Quarters.

Figure 7.12: Distribution of wind energy potential in the Bombay High region

Wind energy potential was assessed using 10 years of satellite data after validation and 

correction against the data from moored buoys in the offshore regions of the west coast of India. 

The assessment was carried out on the request of the Institute of Oil and Gas Production 

Technology, ONGC, Mumbai. An Automatic Weather Station (AWS) was also installed onboard 

one of the oil platforms belonging to ONGC in the Mumbai High region. The AWS which is 

installed at a height of 60 m from the sea level, is equipped with an INSAT satellite transmitter to 

provide data in real time to ESSO-INCOIS.
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Figure 7.13: AWS installed by INCOIS on the ONGC platform in Bombay High region.

Figure 7.14: Time series of zonal wind (knots) meseaured by the AWS installed on the ONGC 

platform in Bombay High region

A new custom made service has been designed and launched to provide Ocean State 

Forecasts along a chosen track of ships. The service was formally launched by Dr. B. Battacharjee, 
th ndHon'ble member of NDMA, on 10  May 2012 during the 2  User Interaction Workshop at ESSO-

INCOIS. This service enables navigators to  obtain sea state predictions (such as wave height and 

direction, SST and surface currents) for the selection of an optimal route by providing information 

such as current location (latitude, longitude), bearing of vessel and vessel speed.

Figure 7.15: Comparison between forecast (INCOIS OSF) and observed (using wave height 

meter) significant wave heights along the ship-route of TDV-Sagar Nidhi, an MoES ship [Tropical 

Northern IO (TNIO), Tropical Southern IO (TSIO) and Extra Tropical Southern IO (ETSI)].

7.2.6. Ocean State Forecasts along ship tracks
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Figure 7.16: Inauguration of various OSF services

ESSO-INCOIS continued to provide multi-lingual Potential Fishing Zone (PFZ) Advisories 

based on Sea Surface Temperature (SST) and Chlorophyll to the fishing community on a daily 

available data from all satellites that pass over the region viz., NOAA-18, NOAA-19, METOP 1 & 2 

(including the night passes) as well as MODIS Aqua and OceanSat-2 satellites acquired by the 

ground station at ESSO-INCOIS.  The use of data from all available satellites enabled an increment 

of the number of advisories by an average of 61% during April 2012 – Mar 2013 as compared to 

the previous year. Another improvement brought in the PFZ advisories was the overlay of wind 

vectors on the PFZ maps for the benefit of users. 

For the better coverage of smaller fish-landing centres and to pursue an overall inclusive 

approach additional 319 fish-landing centres have been added to the existing 267 landing centres 

along the Indian mainland and islands. Currently, ESSO-INCOIS is providing PFZ advisories 

referring to 587 fish landing centres.

Figure 7.17: Percent increase in number of PFZ advisories by harnessing multiple satellite sources

7.3. Potential Fishing Zone Advisories
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Figure 7.18: Graph showing categorised statistics of estimated PFZ advisory users

(total no. of users on right-hand axis)

Figure 7.19: Map showing 586 fish-landing centres being covered in new version of PFZ 

advisories
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7.3.1. Tuna Fishery Advisories

ESSO-INCOIS has streamlined the operational generation of Tuna Fishery Advisories using 

satellite derived parameters viz. Sea Surface Temperature, Chlorophyll and Kd490 (Water Clarity). 

The advisories are being sent to the tuna long liners through the website (WebGIS) and through 

email. 

Considering the gaps in knowledge of the migratory routes of Tuna in the Indian Ocean, 

a R & D project entitled ‘Satellite Telemetry studies on migration patterns of Tunas in Indian Seas 

(SATTUNA)‘ was initiated in collaboration with CMFRI, CMLRE and FSI. Accordingly, the first batch 

of 15 Yellowfin Tuna (Thunnus albacares) were tagged (15 PSAT (Pop-Up Standard Archival Tags) 

tags) during October 2012 – March 2013.

Figure 7.20: Tagging operations by CMFRI, off Lakshadweep, under the project on SATTUNA

The tagging experiment also suggested that Tuna prefer to stay at a relatively shallow depth 

during day time and dive down to deeper depths during the night. Primary studies show that Tuna 

in the region prefer to stay mostly in the upper seventy meters of the ocean and where the 

temperature mostly ranges from 26 to 30 degree Celsius. Such data is very useful to understand 

the environmental preferences of Tuna and hence contributes to improvement and sustainability 

of Tuna fishery. Further analysis of data from the first set of tags is in progress.

A
N

N
U

A
L
 R

E
P

O
R

T
 2

0
1

2
 -

 2
0

1
3

A
N

N
U

A
L
 R

E
P

O
R

T
 2

0
1

2
 -

 2
0

1
3



32

7.3.2. Subprojects funded under PFZ Mission

7.4. Global Ocean Analysis products from Near-Real time  

INCOIS-GODAS (N-RIG)

thDuring 11  five-year plan period (2007-2012) ESSO-INCOIS funded many projects for the 

validation of PFZ advisories. The main aim to fund these projects was to validate PFZ advisories 

and at the same time create a pilot database on environmental parameters that favours 

conditions suitable for better fishery.

To continue the legacy of PFZ Advisory services improvement, ESSO-INCOIS has funded 
thnew projects during 12  five-year plan period (2012-17). This phase of research aims less towards 

conventional validations and aims to scale up harnessing data from satellites and models in order 

to improve the efficiency of PFZ advisories generated at ESSO-INCOIS. A step towards this major 

inclination of these sub-projects will be to create a database of ecological parameters along the 

Indian shores for better understanding of coastal ecological processes. 

    ESSO-INCOIS started providing global ocean analysis in near real time using the Near Real 

time INCOIS-GODAS (N-RIG) from March 2013 onwards. The N-RIG service is based on the 

improved version of the Global Ocean Data Assimilation System (GODAS). In GODAS, in-situ 

temperature and salinity profiles obtained from GTS are assimilated with the Ocean General 

Circulation model (Modular Ocean Model, MoM4p0d) to generate the analysed fields of 

temperature, salinity and circulation on a daily basis. At present, the analysis is available with a 

delay of 2 days. Atmospheric analysis (winds and atmospheric fluxes like, short and long wave 

radiation, etc.) from NCMRWF are being used to force the ocean model. Compared to the earlier 

version of INCOIS-GODAS that was providing the ocean analysis with a delay of 30-days the N-

RIG produces daily 3-dimensional analysis of global ocean with a delay of two days. The outputs 

from N-RIG are shared with public through the ESSO-INCOIS Live Access Server and over the File 

Transfer Protocol (FTP) servers of ESSO-INCOIS.

Figure 7.23: A snapshot of Live Access Server that provides the daily analysis of global oceans
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Figure 7.21. Vertical rhythmic movement of Tuna during day and night time

Figure 7.22: Trajectory plot of a recovered tag (left) and the forecasted near-shore currents. 

Note the similarity of tag drift and the meandering currents forecasted along the east coast of 

India off Andhra Pradesh.

One such tag has popped up in the western Bay of Bengal during March 2012. The data 

obtained from this tag while it was drifting along the surface current showed that the surface 

current predicted by Ocean State Forecast (OSF) service of ESSO-INCOIS was very accurate.  

Similarly, the in-situ temperature values reported by the tags were found to correlate well with the 

satellite based observations. 
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7.5. Geospatial Services

7.5.1. Coastal Vulnerability Index 

Having a coastline of more than 7500 km, which is 

vulnerable for natural disasters of several kinds, India 

should be prepared to mitigate the eventualities. 

Keeping this requirement in mind, ESSO-INCOIS carried 

out a coastal vulnerability assessment along the Indian 

coasts and prepared state level maps comprising of 156 

maps at 1:100000 scale. The main purpose of the 

assessment was to objectively determine the risks due to 

future sea-level rise, shoreline change trends, high waves 

due to tsunamis and storms considering the physical and 

geological setting of the Indian coast. The Coastal 

Vulnerability Index (CVI) prepared by ESSO-INCOIS 

quantifies the likelihood of physical changes that might 

occur due to the tides, storm waves, coastal slope, coastal 

elevation, shoreline changes, geomorphology and 

historical rate of relative sea-level change. The CVI 

combines a coastal system‘s susceptibility to change with its 

natural ability to adapt to changing environmental conditions and yields a relative measure of the 

system‘s natural vulnerability to the effects of sea-level rise. Hence, these CVI maps (see Fig) are 

useful for decision makers in long-term planning and management and to identify the threats to 

the coast. The CVI atlas was released by Dr. Marri Shashidhar Reddy, Hon‘ble Vice Chairman, 

National Disaster Management Authority during the Second User Interaction Meeting held on 
th11  May 2012 at ESSO-INCOIS.

Figure 7.25: Coastal Vulnerability index for different regions along the Indian Coast

Figure 7.24: Release of CVI Atlas  
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7.5.2. Coral Bleaching Alerts

7.6. Data Services

7.6.1. In situ and Remote Sensing Data

A satellite based Coral Bleaching Alert System (CBAS) is in place at ESSO-INCOIS since 

February 2011. The advisories are generated based on the NOAA-AVHRR night time sea surface 

temperature data. The advisories comprising the products HotSpot, Degree of Heating Weeks 

and Time-Series Plots are generated on a bi-weekly basis and are being disseminated through 

web service. Total 121 advisories were generated and disseminated during 2012-2013. There were 

no warning signs recorded during this period. 

Figure 7.26:  Coral Bleaching Advisories during April 2012 - March 2013

Being the central repository for oceanographic data in the country and being the 

designated NODC by IODE/IOC, the data centre at ESSO - INCOIS continued to receive, archive 

and disseminate the oceanographic data to various users. During the First Year 2012-13 the data 

centre  received real-time data  on surface meteorological and oceanographic parameters from a 

wide variety of ocean observing systems - Argo floats, moored buoys, drifting buoys, wave rider 

buoys, tide gauges, wave height meter, ship mounted autonomous weather stations and HF 

radars. In addition to the data received from ocean observing systems, real-time the data was also 

received from various agencies in delayed mode. 
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Table 7.3:  Details of the data received/archived by NODC during the First Year 2012-13

Added to the 

database. Data 

in NetCDF format 

is also available.

IMD
(Marine 

Meteorological Data)

NIOT - NDBP

 (Moored buoys)

ICMAM

(COMAPS)

NIOT

(HF RADAR)

ESSO-INCOIS 

(Wave rider buoys)

ESSO-INCOIS 

(Ship-mounted AWS)

PMEL

(RAMA buoys)

NIO

(Drifting buoys)

NODPAC

(Met Observations 
along Ship track)

CTD along with 

Argo deployments

ESSO-INCOIS

(onboard ORV  SN – 

Wave Height Meter)

Institute / 

Programme 

NIO(XBT, XCTD)

NIO (ADCP)

Argo CTD

Temperature 

and salinity

Temperature 

and Salinity

Wave 

Parameters

Parameters

T  Profiles

T & S Profiles

Surface met 

parameters

Surface met 

parameters

Ocean currents

Bio-Geo-

Phy-Chem

Metocean 

parameters

Metocean 

parameters

Metocean 

parameters

Met 

parameters

Wave 

parameters

Currents 

May 2009  

Jul 2012

–

Apr 2012  

Mar 2013

–

Apr 2012  

Mar 2013

–

Period of 

Observation

Apr 2012  

Mar 2013

–

Apr 2012  

Mar 2013

–

Jan 2012 – 

Dec 2012

Archived

2009  2012–

Mar 1989 – 

Dec 2010

Apr 2012  

Mar 2013

–

Apr 2012  

Mar 2013

–

Apr 2012  

Mar 2013

–

Apr 2012  

Mar 2013

–

Apr 2012  

Mar 2013

–

Apr 2012  

Mar 2013

–

11 Stations 
(total 88 
are now available)

stations 

87 stations

30278 profiles

1 stations

No. of Platforms / 

Stations 

Reported

257 profiles

92 profiles

6714 records

34 moorings

25 buoys

51 buoys

21 buoys

10 stations

10 stations

04 pairs of 

stations

Archived

Database 

generated

To be processed

Database 

generated

Status

Added to the 

database

Archived

Archived

Loaded into 

database

Added to 

the database

Added to 

the database

Added to 

the database

Added to

the database

Added to 

the database

Archived A
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Apart from the in-situ observations, ESSO-INCOIS also received and archived data from 

several remote sensing platforms such as Metop 1 & 2, MODIS, NOAA 18 & 19, and Oceansat-2. 

The data received from these satellites are processed and made available on the ESSO-INCOIS 

website. Some of this data are processed immediately within 5 minutes, while other parts are 

processed within 30 minutes of reception.  ESSO-INCOIS also continued to act as the Data 

Assembly Centre (DAC) for the OceanSITES programme of the global network of time-series 

stations. Meta-data of moored buoy observations compliant to the OceanSITES program (CF 1.4) 

were generated. ESSO-INCOIS also hosted data received through the field campaigns associated 

with the CTCZ program.

ESSO-INCOIS provided the surface met-ocean data to various operational agencies in the 

country regularly through its web site, emails and Live Access Server (INCOIS-LAS). To meet the 

demands from the users, the INCOIS-LAS was upgraded to the latest version (version 7.2). This 

allows the users to display the vectors on the fly plots. The I-LAS during the report period 

recorded more than 1, 27,192 hits from about 9207 unique IPs. The users from various countries 

also accessed the datasets using Open Data Access Protocol (OpenDAP).

In addition to the regular automated dissemination, ESSO-INCOIS also provided various 

data sets to many other institutes/organizations such as Anna University, IMD, IISc, NIO, IITM, 

Nansen Environmental Research Centre, NODPAC, NRSC, RRSC-east, Jadhavpur University, IIT 

Kharagpur, IIT Delhi, NPOL, Mahindra Consulting Engineers Limited, Annamalai University, ICZMP 

Odisha and IIT Mumbai .

The data DVD on Argo data and data products for the Indian Ocean was updated (Version 

2.1) by including 1,70,000 temperature and salinity profiles from the Indian Ocean obtained 

during 2002-2012 April. The gridded data products in ASCII and netCDF format were also 

included in the DVD that was released in May 2012. The DVD also has in-built software for the 

users to navigate, browse, extract or visualize the data contained in the DVD. 

An atlas of the mixed layer depth and the sonic layer depth was prepared for the Indian 

Ocean on the request of Naval Operations Data Processing and Analysis Centre (NODPAC) and 

Project Directorate of Naval Oceanology and Meteorology (PDNOM). All the available 

temperature and salinity profiles (~ 111000 T-S profiles) from the Argo floats in the tropical Indian 

Ocean were used to prepare this atlas. A software application is also provided along with the 

digital version of the atlas which is capable of displaying the maps, animations, time series and 

area averages of the parameters interactively. The temperature and salinity profiles from World 

Ocean Atlas (WOA 2009) are also made available in this package.

7.6.2. Data distribution

7.6.3. Mixed layer depth and Sonic layer depth atlas of the Indian 

Ocean 
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7.6.4. Content management system

7.6.5. Cloud Top Temperature

The content management system for ocean data and information system was launched to 

ensure the uniformity in the web pages, system compatibility and is now available bilingually 

(English and Hindi). This web site also facilitates the real-time validation of satellite data received 

at ground stations at ESSO-INCOIS with in-situ data from moored buoys. This helps in the 

validation of SST products in real time.

Figure 7.27: Snapshot of the content management system

ESSO-INCOIS started generating a new data product on cloud top temperatures based on 

the satellite measurements of brightness temperature. The cloud top temperature is useful for the 

classification of clouds, identification of fog, estimate the intensity of cyclone, etc. Further the 

radius of maximum wind (Rmax), which is an essential input to the storm surge prediction models 

also can be computed using cloud top temperature. Traditionally Rmax is being obtained from 

atmospheric pressure data. Here, Rmax is determined as the distance between the coldest cloud 

top temperature surrounding the eye of the cyclone and the warmest temperature within the eye.
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Table 7.4: Rmax derived based on the surface pressure estimates and cloud top temperature 

for three cyclones.

To reach out to more fishing villages, ESSO-INCOIS expanded its location-specific forecasts 

to an additional 38 locations in 7 districts of South Tamil Nadu in August 2012. A specialised 

multilingual webpage for disseminating OSF products for the coastal waters off-Rameswaram 
thwas launched by Prof. M.S. Swaminathan, Hon’ble Member of Rajya Sabha, on 7  August 2012 at a 

function held at M.S. Swaminathan Research Foundation (MSSRF), Chennai.

7.7. Dissemination of Ocean State Forecasts and Potential Fishing 

Zone Advisories

S.No.

1

2

3

Name of the 

cyclone

SIDR 

GONU 

NARGIS

Duration

11 -16  November, 2007th th

1 - 7  June, 2007st th

27  April - 3  May, 2008th rd

Rmax (km)  based 

on surface pressure

25

40

25

Rmax (km) based on 

cloud top temperature  

29

39

26

Figure 7.28a. Cyclone SIDR on 

15.11.2007 at 0452Z (N17-AVHRR)

Figure 7.28b. Derived Ramx 

during 15.11.2007 at 0452Z  
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ESSO-INCOIS in collaboration with the PG Centre of Karnataka University at Karwar started 

the dissemination of location specific Ocean State Forecasts (wave height and direction, wind 

speed and direction) for Bhatkal in Uttara Kannada through All India Radio broadcasts and SMS. 

ESSO-INCOIS also started to provide the location specific forecasts for three districts of 

Maharashtra – Ratnagiri, Raigad and Sindhudurg in Marathi and English. A webpage in Marathi 
thwas launched on 7   January 2013 at a User Interaction Workshop held at Ratnagiri. 

Figure 7.29: Snap shot of the content of Marathi web page, disseminating 

the Ocean State Forecast.

Ocean State Forecasts are now being provided in Malayalam as well. Various modes such as 

SMS, Village Resource Centres (VRCs) and the Public Address System are being used to 

disseminate the forecasts in Kollam, Kerala. This service was inaugurated at Kollam on 
th16  February 2013 by Shri. Shibu Baby John, Hon. Minister for Labour and Rehabilitation, Govt. of 

Kerala.

The redesigned web pages which allow the users to generate desired maps of OSF products 
thusing ’Web Map Services’ have been updated. This facility was launched on 8  March 2013 during 

rdthe 3  User Interaction Workshop.
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To ensure security at sea, ESSO-INCOIS started the dissemination of customised Ocean State 

Forecasts to the Coast Guard centres and the Coastal Security Police in Tamil Nadu, Goa, 

Karnataka, Lakshadweep and Andaman & Nicobar Islands. 

PFZ advisories are provided to fishermen through timely disseminations using various new 

modes such as Mobile applications (mKRISHI), voice messages / audio advisories, multi-lingual 

SMS services, Fishermen Help-line system (for Tamil Nadu and Andhra Pradesh), FM / AIR / 

Community Radios, etc. in addition to the traditional and existing modes of dissemination 

through telephone / fax, e-mail, Web (including Web-GIS), Electronic Display Boards, 

Doordarshan (DD-Saptagiri).

There were requests from several users to keep the MSSRF helpline toll-free, as well as for it  

to be made available for all the coastal states. The present reach of MSSRF helpline is to 4066 

fisher folk in 121 villages who receive 2 text messages everyday whereas 3443 fishermen from 10 

districts are benefited with audio advisories. In the last two years this helpline has received 4204 

queries and the present rate of calls is 15 calls per day normally while the same goes up to 300-400 

calls during adverse weather or disaster. Approx. 40% of these beneficiaries are small-craft 

fishermen. 

Similarly, mKRISHI Fisheries services are also gaining popularity in Maharashtra. mKRISHI is 

a mobile application developed by TATA Consultancy Services, Thane under a GEF-funded 

collaborative project with Mumbai Research Centre of CMFRI. However, there was a requirement 

identified to create more awareness about it. During the same project, it was estimated from the 

13 village clusters studied, that PFZ advisories provided a saving benefit of 500 kiloliters of diesel 

which translates into a reduction of carbon emission by 804 tonnes per annum. This service also 

needs sustenance through a successful and user-centric business model.

40

A
N

N
U

A
L
 R

E
P

O
R

T
 2

0
1

2
 -

 2
0

1
3



41

8 Ocean Observations

8.1 Indian Argo project

India continued to contribute to global efforts in the Argo floats programme by deploying 
st st31 Argo floats during the period from 1  April 2012 to 31  March 2013 in the Indian Ocean. Twenty 

one floats were of the AROVER model type, one float was an APEX model, communicating 

through Iridium and nine were PROVOR BIO floats.  AROVER and APEX floats have CTD Sensors. 

The PROVOR floats are equipped with sensors for measuring Dissolved Oxygen, Chlorophyll 

Fluorescence and Optical Backscatter in addition to the CTD sensor. In collaboration with the 

University of Washington, USA, 5 more APEX floats equipped with additional biogeochemical 

sensors (to measure Nitrate, Chlorophyll Fluorescence, Optical Backscatter and Dissolved 

Oxygen) along with the conventional CTD sensors were also deployed in the Northern Indian 

Ocean. With these additions, the total number of floats deployed by India increased to 284; of 

which, 104 floats are currently active and providing data in real time. 

In addition to the deployments done by ESSO-INCOIS, other countries also deployed 68 

Argo floats in the Indian Ocean during the past one year, so now the total number of active Argo 
stfloats in the Indian Ocean is 700 as of 31  March 2013. Totally 30278 temperature and salinity 

profiles pertaining to the Indian Ocean were archived at ESSO-INCOIS in the past one year. 

Figure 8.1: Year-wise distribution of temperature-salinity profiles measured by 

Argo floats in the Indian Ocean.
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8.2 Bay of Bengal Mooring

The third phase of the Bay of Bengal mooring was successfully deployed at 18°N and 89.5°E 
ston 1  January 2013.  This mooring is equipped with 2 Doppler volume current meters and 8 

temperature-conductivity-pressure recorders. An ARGOS beacon is fitted on the buoy to track its 

position in case it drifts away from the watch circle.

Figure 8.2: Design of the third phase of Bay of Bengal mooring

The data collected during the first phase (November 2009-November 2010) of the Bay of 

Bengal mooring and its comparison with moored buoy observation in the western Tropical Pacific 
o o(8 N,137 E ) provided some new information. Existence of strong salinity stratification (0.3 psu 

across the top 15 m ) due to river water at the mooring location, which is at least five times higher  

than mooring the west Pacific warm pool (0.06 psu in 25 m) is observed. Surface temperature and 

salinity span a wider range in the Bay (Fig. 4.3b) and rapid changes in surface salinity or density are 
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much more frequent than in the west Pacific (Fig. 4.3 c, d). For instance, the probability that rate of 
-3change of surface potential density (∂σΘ/∂t) exceeds 0.5 kg m  per day is about 10% in the Bay 

and 3% in the Pacific, suggesting that strong surface fronts are more frequent in the Northern Bay. 

Further, it is also observed that the vertical density gradient in the Northern Bay of Bengal is 

mainly determined by salinity rather than temperature (see Figure 4.3). It is evident from the 

moored observations that salinity fronts stratify the surface layer of the Northern Bay.

Figure 8.3: Evidence of fronts from Bay of Bengal mooring from Bay of Bengal mooring. (a) 
oClimatological surface salinity (psu) in August (b) Hourly temperature ( C) versus salinity (psu) 

at 1 m depth in the north Bay (black) and 1.5 m depth in the west Pacific warm pool (red) 
-1Frequency distribution of rate of change of (c) salinity  (∂S/∂t, psu day ) (d) rate of change of 

-3 -1potential density ∂σΘ/∂t (kg m  day ) at 1 m in the Bay (black bars) and 1.5 m in the Pacific 

(red line) on a logarithmic scale; hourly S is smoothed by a 12-hour running mean to suppress 

short time scales.

The maintenance of two Tsunami buoys (STB01 & STB02) equipped with bottom pressure 

recorders and surface buoys, was completed through contract to M/s Science Applications 

International Corporation (SAIC), USA and in collaboration with the National Institute of Ocean 

8.3 Tsunami Buoys
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Technology (NIOT), India during the cruises on board ORV Sagar Kanya (SK 295 and SK 303). 

The data from both buoys are received in the Indian Tsunami and Storm Surge Early Warning 

Centre through satellite communication. Additionally, ESSO-INCOIS also receives data from 

4 indigenous buoys deployed by NIOT, Chennai and data from 4 buoys deployed by other 

countries in real time.

Figure 8.4:(left) Tsunamis buoys network in the north Indian Ocean. Retrieval (middle) and 

redeployment (right) of the SAIC Tsunami Buoy in the Arabian Sea.

Figure 8.5: Data availability from the Tsunami buoys deployed in the Indian Ocean
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Figure 11.2: Spectral remote sensing reflectance (Rrs) in the waters off Kochi. Similar spectra were 

clubbed together as a) Type 1, b) Type-2 and c) Type-3. The solid line represents mean and the 

dotted line represents the standard deviation. The vertical bars indicate the wavelengths used in 

the empirical algorithms.

The assessment of six empirical algorithms for Chl-a (OC3C, OC4O, OC4, OC4E, OC3M and 

OCMO2) showed that OC3M and OC4 performed better. Further, in the case wherein the Chl-a 
-3concentration was more than 1.0 mg-m , it was found that the ratio of 488/510/520 nm to 

547/550/555/560/565 nm dominates. The assessment of algorithms in different water types 

indicated better performance of all the algorithms in type-1 waters. However the performance 

was poor in type-2 and 3 waters which could be attributed to the significant covariance of Chl-a 

with CDOM.

Figure 11.3: Plot showing the function (solid line) for the algorithms a) OC3C, b) OC4O, 

c) OC4, d) OC4E, e) OC3M and f) OC4O2 algorithms. The in situ measured Chl-a corresponding 

to the maximum ratio of Rrs has been overlaid for different water types. The plus (+) sign 

corresponds to Type-1, open triangle (Δ) corresponds to Type-2 and open circles (○) 

corresponds to Type-3 waters.
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11.3. Evaluation of chlorophyll derived from MODIS using 

empirical (OC3M) and semi-analytical (GSM & GIOP) algorithms

The eastern Arabian Sea coastal shelf is 

influenced by river run-off and winter convection in 

the north  and the monsoonal upwelling in the 

south. Bio-optical parameters were measured along 

this coastal area from March 2009 to June 2011 to 

characterise the optical water type and to validate 

three chlorophyll_a (Chl-a) algorithms as applied to 

Moderate Resolution Imaging Spectro radiometer 

on Aqua (MODIS-Aqua) data. The north and south 

sections of the coast were dominated by Total 

Suspended Matter (TSM), Coloured Dissolved 

Organic Matter (CDOM) and Chl-a for most of the 

year. The central section, that represents a transition 

between winter convection and coastal upwelling, 

was dominated by TSM and CDOM.

Ocean Colour 3 band ratio (OC3M), Garver-

Siegel-Maritorena Model (GSM) and Generalized 

Inherent Optical Property (GIOP) Chl-a algorithms 

were evaluated against in situ measurements. The 

errors in the estimation of Chl-a using OC3M, GSM 

and GIOP in all regions were 11%, 24% and 55% respectively. OC3M was less affected by errors in 

remote sensing reflectance Rrs and by spectral variations in absorption by CDOM and TSM 

compared to the other algorithms. OC3M currently provides the most accurate Chl-a estimates 

for the eastern Arabian Sea coastal waters.

Figure 11.5: Scatter plot showing the relation between logarithm of in situ measured and MODIS 

Aqua derived Chl-a using a) OC3M, b) GSM and c) GIOP algorithm. Crosses are for North eastern 

coastal Region (‘A‘), closed circles are Central coastal Region (‘B‘) and open triangles are South 

eastern coastal Region (‘C‘). The dotted line is the 1:1, solid line is regression line and dashed lines 

are 95% confidence limits.

Figure 11.4: Maps of study area; 

left hand map gives all in situ stations 

and right hand map shows satellite 

match-up sampling stations. The boxes 

show the region for time-series analysis.
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11.4. Time-series analysis of chlorophyll-a derived from MODIS-

aqua using OC3M and GSM algorithm

A nine year Chl-a time series from 2002 to 2011 was generated to assess the regional 

differences between OC3M and GSM in relation to the effects of CDOM, TSM and atmospheric 

correction errors on the algorithms. In the north-eastern coastal area (Region A) the maximum 

concentration of Chl-a occurred during December to February and lower concentrations 

occurred during the monsoon months in July and August. In this region, GSM consistently gave a 
-3 -3higher Chl-a (0.14-12.75 mg m ) compared to OC3M (0.24-4.60 mg m ), especially during the 

winter in all years except 2008 and 2010. OC3M Chl-a however, was closest to the in situ data. In 

Region ‘B‘, both algorithms indicated the maximum Chl-a in June, with the highest in 2005. OC3M 
-3 -3yielded slightly higher Chl-a (0.18-2.76 mg m ) compared to GSM (0.08-1.98 mg m ), but in 

January 2007 and July 2010 GSM yielded higher values than OC3M. Again OC3M estimates were 

closest to the in situ Chl-a values though they were consistently under-estimated. In Region C in 

the south-east, both algorithms showed the same temporal pattern, with lower estimates of Chl-a 

during the winter months and high estimates during the monsoon months.

Figure 11.6: Monthly mean Chl-a time series generated from MODIS-Aqua from coastal region 

a) 18-22 °N and 68-72 °E, b) 12.5-17.5 °N and 71-75 °E and c) 8-12 °N and 74-78 °E. The solid line is 

for Chl-a generated using OC3M algorithm and the dotted line is for Chl-a generated using GSM 

algorithm. The filled circles are monthly mean in situ Chl-a and the vertical bars indicate the 

standard deviation.
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11.5. Data availability from SATCORE program

A valuable data set of physical, optical and bio-geo-chemical was generated from the 

SATCORE programme for the period from 2008 - 2013. The measured parameters include: 

Chlorophyll_a (Chl-a), Coloured Dissolved Organic Matter (CDOM), Total Suspended Matter 

(TSM), Inherent Optical Properties (IOP) including absorption and scattering coefficients, 

Apparent Optical Properties (AOP) measured using a hyperspectral radiometer, measurement 

using the Conductivity-Temperature-Depth (CTD) instrument, Nutrients, Aerosol Optical 

Thickness (AOT) and Meteorological parameters (Met) measured using Autonomous Weather 

Station (AWS). The data was contributed by T. Suresh, NIO-Goa (TSU), H. B. Menon, Goa University 

(HBM), B. R. Raghavan (BRR), Mangalore University, P. Muhamed Ashraf, CIFT-Kochi (PMA), S. T. 

Balasubramanian, Annamalai University (STB), Nittla Sarma, Andhra University (NSS), K. Gopala 

Reddy(KGR)and K. C. Sahu, Berhampur University (KCS).

Figure 11.7: Schematic showing the sampling locations at which the data was generated as a 

part of SATCORE programme by project associates: T. Suresh, NIO-Goa (TSU), H. B. Menon, 

Goa University (HBM), B. R. Raghavan (BRR),Mangalore University P. Muhamed Ashraf, CIFT-

Kochi (PMA), S. T. Balasubramanian, Annamalai University (STB), Nittla Sarma, Andhra 

University (NSS), K. Gopala Reddy (KGR) and K. C. Sahu, Berhampur University (KCS).

Table 11.1: Count of the stations sampled at SATCORE time-series stations. The measurement 

includes: Chlorophyll_a (Chl-a), Coloured Dissolved Organic Matter (CDOM), Total Suspended 

Matter (TSM), Inherent Optical Properties (IOP) including absorption and scattering coefficients, 

Apparent Optical Properties (AOP) measured using hyperspectral radiometer, measurement using 

Conductivity-Temperature-Depth (CTD) instrument, Nutrients, Aerosol Optical Thickness (AOT) 

and Meteorological parameters (Met) measured using Autonomous Weather Station (AWS).
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12. Research Highlights and Publications

12.1. Validation of model forcings using a ship-mounted AWS 

One of the most important factors that contributes to the sustained growth of ESSO-INCOIS 

in the field of Operational Oceanography is the focused research and development activity which 

in turn translates to services. In addition to the in-house R&D programmes, ESSO-INCOIS also 

funds projects to the scientists at other institutions and universities.

Outcomes of the R & D activities are published in peer-reviewed journals. Scientists from 

ESSO-INCOIS published more than 40 research articles in the past one year period. Some of the 

published research is highlighted here.

A network of ship mounted Automatic Weather Stations (AWS) integrated with INSAT 3A 

and 3C were established on board the research vessels belonging to MoES, GSI and FSI for the 

continuous measurement of surface Met-ocean parameters. The data were used for the validation 

of the forcing parameters used to force the ocean models in Indian Ocean Forecasting System 

(INDOFOS). Preliminary validation and inter comparison of the analyzed products obtained from 

National Centre for Medium Range Weather Forecast (NCMRWF) and European Centre for 

Medium Range Weather Forecast (ECMWF) were carried out using an AWS mounted on board 

Oceanographic Research Vessel Sagar Nidhi when she made a cruise across three oceanic regimes 

viz. Tropical Indian Ocean (TIO), Extra Tropical Indian Ocean (ETIO) and Southern Ocean (SO). 

It was noticed that though the performance of the analyzed products from both atmospheric 

models are similar, the air temperature in Extra Tropical Indian Ocean and wind speed in the 

Southern Ocean from ECMWF are marginally better estimated.

Figure 12.1: Scatter plots (NCMRWF vs. AWS; left panel ECMWF vs. AWS; right panel) of Air 

temperature and wind speed separately for each oceanic regime. The bias and correlation derived 

from 6 hourly collocated data are also shown. The black line shown diagonally across the figures 

indicates a perfect matching.
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12.2. A comparison of Argo-derived sea surface temperature with 

satellite microwave sensor derived sea surface temperature in 

tropical Indian Ocean

The in situ and satellite based microwave sensor derived sea surface temperatures (SST) 

were compared in the Tropical Indian Ocean (TIO) for the period January 2009 – December 2010. 

The temperature measured by the Argo profiling floats at ~ 5 m was considered as the in-situ SST. 

The in situ data was used to produce the weekly gridded maps at 0.25° × 0.25° spatial resolution 

using Data-Interpolating Variational Analysis (DIVA) method. The weekly Argo Sea Surface 

Temperature (ASST) was then compared with Tropical Rainfall Measuring Mission Microwave 

Imager (TMI) satellite-derived SST (TMISST) and also with the blended Optimum Interpolation 

Sea Surface Temperature (OISST) product. It is observed that the RMSDs (the Root Mean Square 

Differences) and bias between the products were less than 0.5 °C and 0.2 °C respectively. 

Figure 12.2:  Spatial distribution of RMSE (Root Mean Square Error) between (a) ASST and 

TMISST (?C) and (b) ASST and OISST (?C). Correlation coefficient between (c) ASST and TMISST 

and (d) ASST and OISST.  Area outside the line contours (thick black) in (c, d) indicates 95% 

confidence.
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12.3. What could be the trends in chlorophyll-a concentration in 

the Arabian Sea?

One of the recent studies on satellite-derived Chlorophyll concentrations (Chl-a) in the 

western Arabian Sea (AS) has suggested an increasing trend [Goes et al., Science, 2005]. 

However,  the only record that was used in  that study to draw this conclusion is too short in 

length to resolve longer-term trends. Analysis of a long term record of satellite derived ocean 

colour data showed changing trends in the summer Chlorophyll in the western AS before and 

after 2003. 

Chl-a concentration increased till 2003 but declined since then. This indicates a secular multi-

year trend in Chl-a variability. However, this trend is not uniform over the entire region. 

Analysis of wind, Sea Surface Temperature (SST), Sea Level Anomaly (SLA) and thermocline 

depth, suggests that the declining summer monsoon chlorophyll-a (Chl-a) concentration may 

be due to the increasing SLA in this region. 

Figure 12.3 (a): Box shows the areal limit for regions R1 (73–78°E & 8–14°N), R2 (61–66°E & 

22–26°N), R3 (52–58°E & 14–20°N) and R4 (47–55°E & 5–10°N). The base image shows composite 

(1998–2010) surface chlorophyll for the Arabian Sea basin. (b) Area averaged monthly time series 

of Chl-a for the region R1, R2, R3 and R4. The trend lines shown in R4 depict the increasing and 

decreasing trends during 1998–2003 and 2004–2010, respectively.
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12.4. Feasibility of utilizing GHRSST product for operational 

generation of Potential Fishing Zone (PFZ) advisories. 

 The operational generation of Potential Fishing Zone (PFZ) advisories in India is limited by 

the availability of the satellite data during the cloudy days due to the inability of the passive 

sensors to see through the clouds. Microwave sensors cannot be used for the delineation of the 

Potential Fishing Zones due to their coarser resolution. Hence the possibility of utilising GHRSST, 

which is available on daily basis at 5 km spatial resolution was explored. The GHRSST product was 

examined to find out how many PFZ features are identifiable in that product and whether they 

match with features identified with the currently used high resolution SST products derived from 

NOAA-AVHRR / MODIS Aqua. Similarly, false features, if any identified, are also examined. It 

appeared that the OSTIA product is suitable for operational generation of PFZ advisories with 

certain limitations. While delineating the fishing zones, care must be taken to identify only the 

large sized features.

Figure 12.4: PFZ lines delineated from SST Images of NOAA-AVHRR and GHRSST;  NOAA-AVHRR 
rdderived SST  (Background) of  Jun 3 , 2008.

[Thick Navy Blue lines: PFZ lines drawn using GHRSST

 Thin Red lines: PFZ lines drawn using NOAA AVHRR SST

 Thin Purple Marking: Indian Coastline

 Matched GHRSST Features: 08 (38%)

 Non-existing GHRSST in NOAA: 02 (20%)]
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12.5. Research Publishing Performance

There was a growth in Publications as seen graphically :

Figure 12.5: Variation of number of publication and cumulative impact factor of INCOIS 

publications.

Figure 12.6: Distribution of number of citations vs. number of publications.
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12.6. List of Publications during (April 2012-March 2013)

1. Amol, P., D. Shankar, S. G. Aparna, S. S. C. Shenoi, V. Fernando, S. R. Shetye, a. Mukherjee, 

Y. Agarvadekar, S. Khalap, and N. P. Satelkar (2012), Observational evidence from direct 

current measurements for propagation of remotely forced waves on the shelf off the west 

coast of India, Journal of Geophysical Research, 117 (C5), C05017.

2. Chacko, N., M. Ravichandran, R. R. Rao, and S. S. C. Shenoi (2012), An anomalous cooling 

event observed in the Bay of Bengal during June 2009, Ocean Dynamics, 62 (5), pp.671-681.
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12.7. Technical Reports /Atlas
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13. Information Technology Capability and 
Building Infrastructure:

13.1.  Computing Infrastructure

13.2.  Web based services

ESSO-INCOIS continued to maintain a computing and network infrastructure with an up-

time of 99% to support the operational and R&D projects. The computer infrastructure includes 

Link Load balancers, Application load balancers, firewalls, core switches, edge switches, 30 km 

long campus-wide networking, a high performance computer facility and its allied infrastructure 

which includes a processor cooling system, precision air conditioning units, uninterrupted power 

supply units,a  redundant computer facility, a 300 TB storage facility, Enterprise Resource Planning 

servers, a File Transfer Protocol server, web & application servers, Live Access Server, 

workstations, desktops and laptops. The network and the infrastructure is set up in such a manner 

so that no single point of failure can affect the operational services at ESSO-INCOIS. Office 

automation was achieved using SAP (Systems, Application and Products). Some of the modules 

like Purchase and Stores, Finance and Accounts etc. are already made operational. The Human 

Resources module and Employ Self Service module also will be made operational soon.

Figure 13.1: Statistics of INCOIS website visitors for the period 2003-2013.

The Web Team of ESSO-INCOIS designs, develops and implements web applications for the 

dissemination of various the services and products. The following new applications were 

developed and implemented during the year.

1. Displaying Ocean State Forecasts for Maldives, Kerala (in Malayalam), Tamil Nadu (in Tamil), 

and Maharashtra (in Marathi). 
2. Web application for displaying Argo floats in the Exclusive Economic Zone.
3. Uploading INDOFOS-High Wave Alerts Information from the OSF Lab and publishing 

through the  ESSO-INCOIS web-site operationally. 
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4. Automated comparison of data from Wave Rider Buoys and Moored Buoys with Ocean State 

forecasts in real time. 

5. Display of HYCOM products and their validation. 

6. Display of news clippings. Coastal Vulnerability Atlas of India on web 

7. Design and development of PORSEC web page.

Figure 13.2:  Web application for the display of Argo floats in EEZ.

ESSO-INCOIS is in the process of expanding its building infrastructure. The new construction 
2work that includes 5500 m  of the vertical extension of main building, construction of amenities 

2 2 2building of 665 m , Guest house 3200 m , a multipurpose hall (650 m ) and staff quarters of 
24500 m   is progressing well.

Figure 13.3: Expansion of ESSO-INCOIS building infrastructure in progress.

13.3. Building Infrastructure
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