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                     Abstract 
 Earth System Science Organization-Indian National Centre for Ocean Information Services (ESSO-INCOIS), Hyderabad is 

an autonomous institute under the administrative control of the Ministry of Earth Sciences, Govt. of India with a mandate to 

provide the best possible ocean information and advisory services to society, industry, government agencies and the scien-

tifi c community through sustained ocean observations and constant improvements through systematic and focused research. 

Advisories on Potential Fishing Zones based on the satellite derived sea surface temperature and chlorophyll concentration 

data and the Ocean State Forecasts based on the data assimilated numerical models are the two important fl agship services of 

ESSO-INCOIS. ESSO-INCOIS also hosts the Indian Tsunami Early Warning Centre (ITEWC), which is a Regional Tsunami 

Service Provider responsible for issuing Tsunami early warnings for the Indian Ocean Rim Countries and the International 

Training Centre for Operational Oceanography (ITCOocean), which is a Category-2-Centre of UNESCO for capacity building 

in operational oceanography and allied subjects. The services of ESSO-INCOIS are supported by numerical ocean modelling, 

data assimilation and ocean observations. ESSO-INCOIS also serves as the National Oceanographic Data Centre. Compu-

tational, communication and network infrastructure required for successful generation and dissemination of services is the 

backbone of ESSO-INCOIS services. The operational services of ESSO-INCOIS is founded on focused research in ocean 

sciences. Major advancements in each activities of ESSO-INCOIS in the past 4 years (2020–2023) are given in this article. 
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      Operational services provided 
by ESSO-INCOIS 

 ESSO-INCOIS monitor all earthquakes occur in the global 

oceans to identify tsunami-genic ones for the early warning 

services. Over the past 4 years, ESSO-INCOIS monitored 

about 110 such events, out of which 8 events occurred in 

the Indian Ocean. None of these events triggered tsunami 

in the Indian Ocean and hence ESSO-INCOIS issued ‘no-

threat’ messages to all stakeholders. In all the cases, ESSO-

INCOIS could issue the messages within the target time of 

20 min from the occurrence of earthquakes. ESSO-INCOIS 

established a Disaster Recovery site (DR site) at IITM, Pune 

which is capable of detecting and processing of earthquake 

information and dissemination, including publishing the tsu-

nami bulletins in the web. This was made operational on 19 

March 2020. ESSO-INCOIS also redesigned the Tsunami 

website (  http:// www. tsuna mi. incois. gov. in    ), by adopting lat-

est technologies such as responsive web design framework, 

J2EE technologies and Mapping frameworks to make it more 

effi  cient and user friendly. ESSO-INCOIS, in association 

with state disaster management authorities is implementing 

the IOC-UNESCO Tsunami Ready Programme, which is 

a community performance based programme designed to 

strengthen tsunami preparedness of coastal communities 

through a structural and systematic approach in fulfi lling 

the best-practices set by ICG/IOTWMS. The main objective 

of Tsunami Ready programme is to improve the prepared-

ness of coastal community for tsunami emergencies and to 
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minimize the loss of life and property. After the evaluation 

process, the IOC-UNESCO has recognized Venkatraipur 

and Noliasahi villages from Odisha as Tsunami Ready 

communities. These two communities are the fi rst in the 

Indian Ocean region to receive this distinction. In addition, 

ESSO-INCOIS continued to carry out periodic communica-

tion tests and mock drills to ensure that the communication 

channels are fail-safe and the coastal communities and local 

authorities are well prepared for disasters of marine origin. 

ESSO-INCOIS also prepares storm surge warnings along 

with the extend of inundation based on ADCIRC model for 

all the cyclones occur in the Bay of Bengal and Arabian Sea. 

India Meteorological Department includes the storm surge 

warnings along with their cyclone bulletins. Over the past 

4 years, ESSO-INCOIS issued storm surge warnings for 15 

cyclones. ESSO-INCOIS prepared a 1:25,000 scale coastal 

Muti-Hazard Vulnerability Atlas to facilitate the marine dis-

aster mitigation activities and coastal geo-spatial planning. 

 In addition to the specifi c services related to Marine Haz-

ards, ESSO-INCOIS continued to issue regular operational 

forecasts of waves, winds, currents, tides, SST, MLD, and 

D20 for various regional and coastal domains. Advisory 

services are being provided to specifi c users like disaster 

management authorities, fi shermen, ports and harbours, 

ships plying in the seas, off shore industries, and defense 

authorities. ESSO-INCOIS also provided daily OSF data to 

Sri Lanka, Maldives, Seychelles, Comoros, Mozambique, 

and Madagascar. ESSO-INCOIS provided predictions of 

oil-spill trajectories for six incidents in the Indian Ocean 

during the period 2020–2023. ESSO-INCOIS has initiated 

a service, namely “Small Vessel Advisory Services (SVAS)” 

to provide boat-specifi c safety information to the seafarers 

and provide warnings on the potential zones for vessel over-

turning. The SVAS is based on the Boat Safety Index (BSI) 

derived from the operational predictions of signifi cant wave 

height, wave steepness, directional spread, and wind and 

warnings are issued based on the beamwidth of the boats. 

Based on the importance of the services provided by ESSO-

INCOIS, World Meteorological Organization has recognized 

ESSO-INCOIS as a Region Specialized Meteorological Cen-

tre (RSMC) for Numerical Global Ocean Circulation Predic-

tion and Numerical Wave Forecast. 

 Considering that the reach of mobile signals and VHF 

communication are usually less than 15 km, ESSO-INCOIS, 

together with Airports Authority of India (AAI), has devel-

oped a low-cost one-way communication system through a 

GAGAN (GPS Aided Geo Augmented Navigation) based 

receiver named “GAGAN Enabled Mariner’s Instrument 

for Navigation and Information or GEMINI”. In GEMINI, 

advisories and information provided by ESSO-INCOIS are 

broadcasted through the GAGAN constellation of satellites. 

ESSO-INCOIS also designed and developed a mobile app, 

the GEMINI App, to convert the satellite messages into 

readable maps and text format, so that the decoded infor-

mation can be viewed on the mobile in any of the languages 

spoken in the coastal states of India. 

 ESSO-INCOIS continued to provide the PFZ advisories 

based on satellite derived SST and Chlorophyll data on 

all days except fi shing ban periods and on days on which 

adverse marine weather advisories were issued. In addi-

tion to the general PFZ advisories, ESSO-INCOIS also 

started issuing specifi c PFZ advisories for Tuna fi sh based 

on the habitat preferences observed during the Tuna tag-

ging programme, SATTUNA. To augment the PFZ advi-

sories, ESSO-INCOIS also stated a specialized service on 

the Harmful Algal Bloom Information Service based on the 

ocean color products received at ESSO-INCOIS ground 

station. ESSO-INCOIS has also set up a Marine Heatwave 

Advisory Service (MAHAS) on a daily basis comprising the 

parameters Intensity of Marine Heatwave, categories, and 

percentage of the area of Marine Heatwave spread over the 

diff erent basins and sectors over the Indian Ocean. 

 ESSO-INCOIS developed a Digital Ocean (  http:// www. 

do. incois. gov. in    ), which is an interactive tool for ocean data 

analysis, visualization and analysis of oceanographic data, 

and downloading available data (in situ and spatial; Fig.  1 ). 

SAMUDRA App, which is a one-stop shop for the dissemi-

nation of the services of ESSO-INCOIS, has been launched. 

While ESSO-INCOIS continued to maintain the communi-

cation network to receive several in situ and remote sensing 

data, the ground station has been upgraded to receive passes 

from the Oceansat-3 (EOS-06) satellite as well.         

    Ocean observation and modelling 

 In the ocean observation front, ESSO-INCOIS continued to 

contribute signifi cantly by maintaining the network of plat-

forms such as tide gauges, BPRs, wave rider buoys, GNSS/

SMA and coastal ADCPs. ESSO-INCOIS also continued 

to deploy Argo fl oats in the Indian Ocean. Despite hav-

ing logistical diffi  culties due to pandemic, ESSO-INCOIS 

deployed and retrieved the Bay of Bengal fl ux mooring, 

  Fig. 1       3-D visualization of ocean temperature in digital ocean  
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which provided very valuable data on the direct measure-

ments of eddy co-variance (Fig.  2 ). ESSO-INCOIS also con-

ducted expeditions in the Bay of Bengal and Arabian Sea to 

collect in situ data to study turbulent mixing processes in 

the ocean mixed layer. ESSO-INCOIS deployed two coastal 

observatories, off  Kochi and off  Visakhapatanam, to monitor 

water quality in the coastal waters and provide now-casts 

on the water quality parameters. ESSO-INCOIS procured 

and deployed eight gliders to make observations in the deep 

waters as part of the Deep Ocean Mission. ESSO-INCOIS 

also setup a National Glider Operations Facility at ESSO-

INCOIS to co-ordinate the glider operations.         

 One of the important milestones of ESSO-INCOIS in 

the operational services is the development of the High-

resolution Operational Ocean Forecast and reanalysis Sys-

tem (HOOFS). Over the past 4 years, ESSO-INCOIS has 

upgraded the HOOFS system with the assimilation of Sea 

Level Anomaly data. The ocean analysis based on Global 

Ocean Data Assimilation System (GODAS) has been 

updated for the period 1999–present. ESSO-INCOIS is 

now in the process of developing a Unifi ed Ocean Mod-

eling framework to upgrade HOOFS into a seamless fore-

cast and analysis system. Global and regional confi gurations 

of Modular Ocean Model version 6 has been confi gured as 

part of this program. The same modeling framework will 

be utilized for the downscaling of multi-decadal sea level 

projections as part of the Deep Ocean Mission program. 

A very high-resolution confi guration of FVCOM has been 

setup for the south-east Arabian Sea for prediction of coastal 

circulation. ESSO-INCOIS is also in the process of develop-

ing an integrated coastal inundation prediction system based 

on ADCIRC+SWAN as part of the Unifi ed Ocean Modeling 

framework. ESSO-INCOIS participated in the RECCAP-2 

programme, which is coordinated by the Global Carbon Pro-

ject and with an aim to better quantify and understand the 

 CO 2  fl uxes into and out of the ocean, the associated changes 

in ocean carbon storage beneath the sea surface, as well as 

the role of the ocean’s biological pump. A regional coupled 

ocean-ecosystem model (known as ESSO-INCOIS–BIO-

ROMS) for the extended Indian Ocean region has been 

confi gured as part of ‘RECCAP-2’ by following the com-

mon protocol. 

    Capacity building 

 Capacity building in ocean sciences in general, and opera-

tional oceanography in particular, is one of the most criti-

cal element for developing the required human resources. 

ESSO-INCOIS collaborates with scientifi c and academic 

institutes on this aspect. Students are given opportunities 

to work with the scientists of ESSO-INCOIS for the aca-

demic projects and internships. ESSO-INCOIS has started 

a full-time Ph. D. programme in 2011. Nine students have 

graduated from ESSO-INCOIS and 26 students are pursuing 

their Ph. D. at ESSO-INCOIS currently. Establishment of 

International Training Centre for Operational Oceanography 

(ITCOocean) is one of the important steps taken by ESSO-

INCOIS in the capacity development front. ITCOocean con-

ducts short and long term training programs for students, 

researchers and offi  cials on focused topics. Over the period 

of past 10 years since the establishment of ITCOocean 

in 2013, ESSO-INCOIS has organized 100 training pro-

grammes in which 6457 persons, including 1869 from 96 

foreign countries were trained. In the period 2020–present 

alone, ITCOocean organized 50 training programs of vary-

ing duration. Scientists of ESSO-INCOIS have also pub-

lished over 300 research articles in reputed SCI Journals 

over the past 4 years. 

 ESSO-INCOIS has secured a niche space in the realm 

operational oceanography and engages extensively with 

Intergovernmental Oceanographic Commission of UNESCO 

and several of its subsidiaries such as IOGOOS, IOCIN-

DIO, IOTWMS, IODE, OceanSITES, RIMES, IOC-WMO 

JCB, etc. ESSO-INCOIS is hosting the international project 

offi  ces/secretariats of IO-GOOS, SIBER, IIOE-2, Regional 

Decade Collaborative Centre (IOD-DCC), etc. and actively 

engages with international organizations such as POGO, 

OceanPredict, etc. In 2022, ESSO-INCOIS co-hosted the 

IIOC-2 conference. ESSO-INCOIS also organized the 

8th Biennial conference of Ocean Society of India (OSI-

CON-23) in August 2023. 
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  Fig. 2       Recovery of ESSO-INCOIS Flux mooring from the Bay of 

Bengal in October 2020  
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