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Remote sensing satellites
Oceansat-1 (1999)
Oceansat-2 (2008)
Oceansat-3 (2022)

SARAL-ALTIKA
Foreign Satellites

Insitu Networks
Argo Profiling Floats, Gliders

Moorings, WRBs, AWS
Current Meter Arrays

XBT, TG,
BPR, Coastal Radars

Research Vessels

Satellite Oceanography, Modelling, Research

Ocean Data

Fishing 
Community

Coastal 
states

Ports & 
harbours, 
Offshore 
shipping

IMD, Navy, 
NHO, Coast 

Guard 

Research 
Institutions, 
Academia

INCOIS Mission: To provide the Ocean Information and Advisory Services to Society, 
Industry, Government Agencies and Scientific Community through Sustained Ocean
Observations and Constant improvements through Systematic and Focussed Research

Ocean Value Chain - Observations to Services

National 
Infrastructure

International 
Interface



Ocean Observation Network

Global Design (GOOS) -> Regional Implementation (IndOOS) -> National
Contributions (INCOIS & NIOT OOS, IMDWeatherWatch)
Themes: Climate, Operational Ocean Services, and Ocean Health
Essential Ocean Variables: Physics, BGC, Biology & Ecosystems, Atmosphere



OCM-3 Bands and Applications

Band. 
No’s

Central wave 
length (λ nm)

Bandwidth
(nm)

Primary application

B1 412 10 Differentiate Yellow substance from Chlorophyll 
B2 443 10 Low chlorophyll

B3 490 10 Moderate Chlorophyll

B4 510 10 High Chlorophyll; Total suspended Mater

B5 555 10 Reference baseline for Chlorophyll

B6 566 10 phycocyanin absorption; Tricodesmium bloom 
detection

B7 620 10 Turbidity in coastal case-2 waters; 
phycoerythrin absorption

B8 670 10 Baseline for fluorescence line height (FLH); 
Chlorophyll secondary absorption

B9 681 7.5 Chlorophyll fluorescence

B10 710 10 Baseline for FLH, Vegetation, Chlorophyll 
fluorescence; Atmospheric correction

B11 780 10 Atmospheric correction; Avoid O2 absorption

B12 870 20 Atmospheric correction; Good assessment of 
scattering

B13 1010 20 Atmospheric correction at turbid coastal case-2 
waters

• Chlorophyll-a 
(mg/m3)

• Total Suspended 
sediment (mg/L)

• Diffuse 
attenuation 
coefficient (m-1)

• Aerosol optical 
Depth (AOD)

OCM-3 is configured to meet the following goals
• Spatial resolution ≈ 360 m
• Swath ≈ 1500 Km
• Better radiometric performance; Target 

SNR:
> 1000 for Band # 1 – 10 @ 360 m
> 800 for  Band # 11 – 13 @ 1.1 Km

• Marching orbit to obtain glint-free 
data 

Ocean Observation Network – Oceansat - 3 OCM



Ocean Data & Information Management

Argo Regional Centre

NODCs

Accreditation Data Management Data Dissemination

Data Sharing through 
• WMO GTS 
• IOC Sea Level Monitoring Facility
• MoES – NOAA  OMNI RAMA Joint Data Portal
• INCOIS Web Services & Digital Ocean



Ocean Modelling & Prediction Systems

Global

Regional

Coastal

Ocean Circulation Modelling
INCOIS Ocean Modeling 

and Data Assimilation 
Activities

Ocean Predict
(GODAE Ocean View)

INCOIS Ocean Modeling 
and Data Assimilation 

Activities

Ocean Modeling Mission

Deep Ocean Mission

Monsoon Mission

Coastal Water Quality
Monitoring and Forecast 

Program

Ocean Analysis 
(GODAS)

Monsoon Forecast
(CFS model)

Tropical Cyclone
Heat Potential

Climate Indices

Cyclone Prediction

Data 
Assimilation 

(LETKF, 
3DVAR, OI)

Circulation 
Models (ROMS, 
MOM, HYCOM)

Regional Analysis

Regional and 
Coastal Forecasts

Value Added Services
(OOSA, SARAT)

Forecast and
Advisory services

Wave, 
Tsunami, Cyclone, 

Storm Surge
(Wavewatch III

ADCIRC, SWAN, 
HWRF+HYCOM)

Wave, Tsunami and 
Storm Surge Modeling

Model 
simulated 
variability of 
Temperature



Ecosystem Services – PFZ, HAB, MHW, CBAS, WQ

Marine Fishery Advisory Services Coral Bleaching Alerts

Algal Blooms Information Services

Water Quality Services



Marine Safety Services – OSF, SS, HWA, SAR, SVAS, Oil SPill

Swell Surge Forecast

Search & 
Rescue

Oil Spill 
TrajectoriesO
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Ocean Climate Services

INCOIS-GODAS
(Ocean Analysis)

ENSO index (Nino 3.4 
SST Anomaly) Indian Ocean Dipole(DMI)

MOM4p0d 3D Var DA

Seasonal Climate Outlook
Prepared by IMD

Ocean Climate Change Advisory 
Services of Deep Ocean Mission 

§ Regional Climate Change
Assessment for Northern Indian
Ocean

§ Future Projections of important
climate variables and their Impact
on coastal regions of India
l Sea level
l Cyclones, Storm Surges, Waves
l Marine Ecosystem

Dipole Mode Index

Sea 
Level
 Rise

Cyclone                                                                  
Intensity & 
Frequency

Storm 
Surges &

Waves

BGC &
Ecology

Observation

Nino 3.4 SST Anomaly



Indian Tsunami Early Warning Centre

Coastal Multi-Hazard Early Warning Services

Tsunami Early Warning Services Coastal Inundation – 3D Mapping

Projected Coastal flooding 
due to Tsunami, Cyclone, 

Floods, Sea Level Rise and 
Erosion



Ocean Colour Remote Sensing - Applications

Organic 
Carbon Fluxes

&
Carbon Cycle

Primary 
Production

&
Food Web

Marine 
Fisheries 
Advisory 
Service

Ecosystem 
Modeling

&
Water 

Quality 
Studies

Algal Bloom,
Eutrophication

&
Pollution 

Monitoring



Ocean Colour Automatic Data Processing Chain (ADPC)

MODISA VIIRS-SNPP

Ground 
Station

@ INCOIS

PFZ Advisory

ABIS

ü INCOIS Services

ü User Curated Data

ü R&D Use
Level-1

Level- 3/4
ü Standard

ü Value Added
ü Anomaly

ü Roll

Sentinel - 3 OCM - 3

Upcoming

A
D

PC

Tuna Advisory

ChloroGIN

Services 
for PIs



Remote Sensing
Ocean Colour
Microwave
RADAR

Float Network
ARGO
Glider
Lagrangian

Ship Based 
In-situ

Observation

Buoy Network
Moored
Wave Drifters
Wave Rider
BGC

Gauges & Radar
Tide Gauges
AWS
CODAR

International
IIOE2
SIBER

National
SATCORE
Coastal Monitoring
.. Other Out-sourced

•Bio-Optical Algorithm Development

INCOIS 
(NODC)

•Sensor Calibration & Validation

•Services Improvement

INCOIS: Physical-Biogeochemical-Optical Database

Publications

ARGORadiometer

CTD

uCTD

VMP
WRB

Glider
Lagrangian

IOP

BGC
… And many more

Satellite

Ship

•R&D activities

•Deciphering Ocean Processes

•Ocean Model Calibration & Validation
… And many more



Potential Fishing Zone(PFZ) Advisories

Without PFZ Advisories
•Less Catch & Profit 
•Higher Search Time
•More Fuel
•Increased 
•CO2 emission
•Huge Effort

With PFZ Advisories
•2-4 times Higher Catch & Profit
•30- 70 % reduction in Search Time
•Savings range from 21.47 lt to 1293.53 lt
•Reduction Ranges from 3.45 t to 0.06 t
•Direct Navigation to Shoal

GAGAN based GEMINI: 
Satellite based SolutionSAMUDRA  Mobile App

Dissemination
Satellite data products Key Indicators PFZ Advisories

The Blue Economy



Species-specific PFZ forecasting

SST

Chl-a

Salinity

Kd-490

MLD

Wind 
speed

Precipitation

Current 
direction

Oil sardine Hilsa

ZooplanktonPhytoplankton Detritus

Oceanographic parameters

Remote sensing inputs

Nutrients cycle

Indian mackerel

DO

Tunas

Research Towards Species-specific Fishery Advisory Services

Oceanographic preferences of 
yellowfin tuna (Thunnus 
albacares) in warm stratified 
oceans: A remote sensing 
approach, Nimit et al., 2020 
Previous knowledge on YFT 
movements was that fishes prefer to 
stay above or around thermocline 
depth. INCOIS study shown that 
the YFTs may have to 
accommodate themselves in (and 
undergo migration through) virtual 
tunnels or corridors in the warm 
stratified oceans.



Front to Fish: Linking Frontal Succession to Fisheries Potential

Chlorophyll SST

Productive Ocean 
Fronts
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Research Expected Outcomes

Improved
PFZs

Prediction 
of 

Species

Accurate 
duration 

and 
persistence

Prediction 
of yield 

from 
productivity

Accurate 
locations

In-situ 
observat
ions

Nutrient 
and bio-
geochem
istry

Food and 
feeding of 
Fish

O
ce

an
 C

ol
ou

r

Understanding of Frontal 
ecosystem processes and 
food chain development



November

Phytoplankton Species/Groups & Phytoplankton Size Class

Sahay et al, 2017

Nano (%)

Micro (%)

February

Phyto 
Size Class

Pico (%)

Microplankton Dominant Water

Seasonal Variability

Plankton Type Size Chart

Micro >20 µm

Nano 2–20 µm

Pico 0.2–2 µm

February



Research Towards Jellyfish Aggregation Advisory Service

24 Apr 2015

Need
Conducive 
conditions

Conceptual 
framework

Algorithm Information 
Service

Impact 
Assessment

Prediction 
Service

Status 
Review

Advisory 
Service

Salinity
DO

Nutrient

Jellyfish
Fishing
Habitat

River Flux
Chlorophyll

Temperature
Wind

Current

Jellyfish 
Advisory

Ocean Colour
Model, In situ

WQNS



Primary Productivity & Ecosystem Modelling 

Pr
im

ar
y 

Pr
od

uc
tiv

ity
 M

od
el

BG
C

/W
Q

 M
od

el

Surface Biomass

Light penetration 
model

Photosynthesis 
light model

Biomass profile

Photosynthetic 
parameters

Irradiance at depth

Primary production 
at depth

Surface 
Irradiance

Processing 
& Value 

Addition

Phytoplankton

Zooplankton

Nitrate

Detritus

mortality

sinking
mortality

metabolism

grazing
Primary prod.

mineralization

sinking



Sensors:

ü Physical

ü Biogeochemical

ü Optical

Water Quality Nowcasting System (WQNS)
A
D
PC

ABIS

Fishery Resource Managers, Tourists, Tourism Industries, 
Ecologists, Fishermen, Researchers, & Environmentalists

Data Acquisition, Processing 
& Quality Control



• INCOIS Algal Bloom Information Service in 
the four hot-spots in Indian Ocean

• Northern Arabian Sea
• Kochi
• Gulf of Mannar
• Gopalpur 

Status Condition Colour Code

Normal Bloom pixels < 50%

Watch Bloom pixels ≥50% and < 75%

Warning Bloom pixels ≥ 75% 

Satellite parameters as indicators

Algal Bloom Information Service (ABIS)



Without PFZ 
Advisories

Less 
Catch & 

Profit 

Higher 
Search 
Time

More 
Fuel

Increase 
in C02

emission

Huge 
Effort

•32 fishing boats in Raigad Dt., Maharashtra 
could save the diesel of 18492 gallons of diesel 
in a month 

•CO2 cutting down by 330,000 lbs

National Agricultural 
Innovation Project 

(NAIP)

•Saving of diesel varied from 5.67 g to 341.7 g
•Reduction of CO2 emission from 3.45 t to 0.06t

Validation 
Experiments

•Savings in diesel consumption computed an
annuity of US$49.49 billion or

•Present value of around US$ 38.94 billions
over the 25-year useful life

National Council for 
Applied Economic 

Research

•At 15% adoption level, fishermen can save up 
to 237,754.8 of gallons of Diesel

•Lesser Green House Gas (GHG) emission of
approximately 2412 tonne

Central Marine 
Fisheries Research 
Institute (CMFRI)

Annual Economic  
Benefit

US$ 46.57 to 
68.49 billion

Additional profit 
in hands of 

fishers

US$ 4.1 
billion 

annuity with 
investment of 

US$ 4.38 
million

Reaching entire 
fishermen 

community

Marine 
fisheries 

GDP 
increase 

from 3.9% -
7.8 % per 

annum

•US$ 51.2 billion 
at 12% social 
discount rate

•Spill of 15,211 
tonne, cost to be 
US$ 12.25 million 
during 2015

•US$ 50.7 billion•Benefit by US$ 5.7 
billion during 
2013-15

“No go 
ahead 

mission” 
advisories to 

Navy

The overall 
economic 
benefits to 

all industries

Value 
addition for 

ONGC 

Oil-spill 
advisory 

services to 
Coast Guard

PFZOSF

The economic benefits of the Tsunami Early Warning Centre can 
be simply accessed by the list of under-sea earthquakes in the 
Indian Ocean Region for which a ‘No Tsunami Threat’ advisory 
issued by ITEWC, INCOIS avoids relocation and rehabilitation 
expenditure. Considering the expenditure incurred by 
Odisha government for evacuation and relocation of 
coastal population during Phailin, an expenditure of US$ 
4.75 billion would be required in the absence of “No 
Tsunami Threat” advisory.”

Economic & Environmental Benefits of Ocean Services

TEWS
With PFZ 
Advisories

2-4 times 
Higher 

Catch & 
Profit

30- 70 % 
reduction 
in Search 

Time

Fuel 
Savings

C02
Reduction 

Direct 
Navigation 

to Shoal

Clear Demarcation of the Benefits



Capacity Building: Ocean Colour & Applications

ITCOOcean

Course tags

13 
Courses

1082
people trained from

 48 
Countries

Guest House 

Bangladesh Egypt Ghana
Indonesia Iran Kenya
Madagaskar Malaysia Mauritious
Oman Philippines Romania
Soudi Arabia Srilanka Singapore
Tanzania Timor- Leste Vietnam
Nigeria Comores Cameroon
South Africa Mozambique Uganda
Belgium Algiers Algeria
Portugal Japan Turkey
Brazil South Korea Maldives
Norwey Austalia Venezuela
China Gambia Germany
Guatemala Italy Myanmar
Namibia Pakistan Seychelles

Foreign Participation in ITCOOcean Courses



2024–  

Capacity Building: Ocean Colour & Applications
Forthcoming Training Opportunities:
• POGO – ITCOocean Training on “Ocean Observations for Coastal 

Applications” during January 29 – February 07, 2024
• IOCCG Summer Lecture Series on “Frontiers in Ocean Optics and Ocean 

Colour Science” during November 4 – 16, 2024
• ITEC – ITCOocean Training Program on “Fishery Oceanography for the 

Ocean Decade (F.O.O.D.) – 2024” during January 18  – February 07, 2024



ISPRS, 
RIMES

International Interface

IOC-UNESCO EC & VC
UN Decade 2021-30 - NDCC
DCC for Indian Ocean Region 

Ocean Decade Outcomes
Clean Ocean
Healthy and resilient Ocean 
Productive Ocean
Predicted Ocean
Safe Ocean
Accessible Ocean
Inspiring and engaging Ocean

The Blue Economy



www.incois.gov.in

Thank you for your kind 

attention

srinivas@incois.gov.in

www.incois.gov.in

@esso_incois

@INCOISofficial

INCOISofficial Hyderabad

http://www.incois.gov.in/
http://www.incois.gov.in/

