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Oceans play a key role in regulating earth’s climate and also act as a carbon sink. Indian sub-continent is surrounded by
oceans from three sides, which provides livelihood to several millions of our people and contributes hugely towards the
sustainable development of our economy. Some of the primary Indian industries that are largely fostered by oceans
include fishing, oil and energy, shipping, tourism, etc. Indian landmass is also vulnerable to natural hazards like cyclones,
storm surges and tsunami. Thus for a country like India there is also requirement of in-time accurate monitoring and
_ | predictions of such extremes with sufficient lead time to aid in mitigation operations. We at Indian Space Resear:
_ -~ | Organization (ISRO) continuously utilize satellite technology to monitor the Oceans. ISRO has launched spét:e_borne e
| scatterometers, altimeters and synthetic aperture radars that are instrumental in innovative ocean related applications, |

= -resource assessments and.monitoring sea level changes under climate change scenarios.

beokletim rtant ocean related applications being carried out at the Space Applications Centre pertinent to |
: 2 Fprocesses, ocean state predlctlons, potential fi shery zones, hazards and extremes, coastal |
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In ISRO, dedicated ocean observing satellites are being developed with the objectives of promoting unique oceanographic
applications, assessment of ocean resources and monitoring impact of climate change on oceans. Oceansat-1, flown in May, 1999,
was the first satellite dedicated for ocean observations, which contained Ocean Color Monitor (OCM) and Multi-frequency Scanning
Microwave Radiometer (MSMR) payloads. It was followed by a dedicated oceanographic satellite, Oceansat-2 in 2009, equipped with =
Scatterometer and OCM. Major applications of these satellites were ocean resource assessment, identification of potential fishing

1 zones, prediction of the tropical cyclone tracks, their intensity and advanced ocean state forecasts. In 2013, ISRO in joint |

;.,, collaboration with CNES, France launched world’s first high frequency Ka-band altimeter, AltiKa onboard SARAL satellite. This j=
. mission intended to keep an eye on the sea level under the changing climate scenario, with emphasis on vulnerable coastal areas.
" SCATSAT-1, launched in 2016, was a dedicated satellite with Ku-band scatterometer sensor for wind vector monitoring over Oceans. §

To promote novel ocfg'e’td""agﬁl‘ié‘ations using the satellite data in synergy with numerical models, ISRO brought out an umbrella

1 program called SAMUBRA (Satellite based Marine Process Understanding, Development, Research and Applications for blue

economy) to address various aspects of the ocean. With the forthcoming Oceansat-3 satellite, having OCM, SSTM and Scatterometer
§ payloads, researchers can lé,b_,kforward to exciting times in various oceanographic applications and process studies.
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SATELLITE OCEANOGRAPHIC RESEARCH AT SAC
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Remote sensing by space-borne sensors has become extremely important component of ocean observing system. The Satellite
oceanography research at SAC has been focussed on developing applications to meet the societal needs. In this pursuit, Satellite
Oceanography at SAC in its early days started with SATCORE projects in 1999 followed by Meteorology and Oceanographic
program (MOP) that had several phases. Subsequently, SAMUDRA project has been playing a major role in the area of

_{ oceanographic (physical, biological and coastal) research to develop nation’s Blue Economy, using various earth observation

missions of ISRO and other space agencies. A few of ISRO’s missions impacting the advanced oceanographic research are
{ Oceansat-2, INSAT-3D, Megha-Tropiques and SARAL/ALTIKA, SCATSAT-1. Apart from catering to the societal benefits, the

~ % ] research also helps in defining the future space-borne and air-borne sensors
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SCATTEROMETER : OCEANSAT/SCATSAT

Scatsat -1 is the latest contribution of ISRO towards the international tandem missions

of space -borne scatterometers . Scatsat -1 follows the heritage of Oceansat -2 d

| scatterometer in design with several improvements . It was launched on September 26, jesses

2016 with Ku-band (13.5 GHz) pencil -beam scatterometer as the sole payload . The CAL- =

VAL operations of the data products from Scatsat-1 was jointly performed by

international teams involving JPL-NASA, NOAA, KNMI, EUMESAT. The products from the | =
sensor are found to satisfy the requirements for climate -quality . All the products
including operational as well as value added are available from MOSDAC

(www .mosdac .gov.in).




SCATTEROMETER : OCEANSAT/SCATSAT

SCATSAT-1 Level-2B (swath) Product on 2019-12-30 SCATSAT-1 Level-4AW (analyzed) Product on 2019-12-30
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Cyclone KYARR as captured by Scatsat-1 |Hurricane HUMBERTO as captured by Scatsat-1 | Cyclone BULBUL as captured by Scatsat-1
on 02 Nov 2019, 03:31 GMT on 18 Sep 2019, 00:14 GMT on 08 Nov 2019, 14:16 GMT
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ALTIMETER: SARAL/ ALTIKA

-

Space -borne altimeter missions are the workhorse for operational oceanography .

AltiKka altimeter is a nadir altimeter operating at 35.75 GHz (Ka-band) on-board

-~ | SARAL satellite, which was launched in Feb, 2013. SARAL/Altika was a collaborative

mission jointly developed by ISRO and CNES. AltiKa is the first altimeter mission

compared to Jason-2. Smaller

| regions . There are global standard products of Sea level, Significant wave height
and surface wind speed having along track observations at every ~6 km.

Specialized coastal product for Indian Mainland region has also been generated .




ALTIMETER: SARAL/ ALTIKA
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SARAL/AltiKa SWH (m) Cycle 21 SARAL/AltiKa Wind Speed (m/s) Cycle 21
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8l Wave Height and Surface Wind e
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Comparison of SWH from Pistach Product from Jason-2 and SARAL AltiKa Coastal
Product from SAC (2013-2016) near Visakhapatnam . Available www .mosdac .gov.in
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GEOSTATIONARY SATELLITES: INSAT -3D/3R

=

B ] acquired from these channels are processed to derive the valuable standard

Indian Geostationary Satellites INSAT-3D and INSAT 3DR, carrying 6 imager and 18

sounder channels, continuously provide observations over the Earth . The observations

——r

P

geophysical products like, Outgoing Longwave Radiation (OLR), Upper Tropospheric

e

~  Humidity (UTH), Sea Surface Temperature (SST), Land Surface Temperature (LST), |

{ Rainfall, Insolation, Irradiance, Short Wave Radiations (SWR), Dust, Aerosol,

1 Atmospheric  Motion Vector (AMV) winds, Snow and Fog. These derived products are

, extensively used in meteorological and environmental applications, atmospheric and

4 oceanic studies, understanding the air sea interactions and monitoring and predicting




GEOSTATIONARY SATELLITES: INSAT -3D
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Super Cyclone KYARR Viewed by INSAT3D Channels 0600 UTC
28 OCT 2019. KYARR was the Strongest Post-Monsoon Arabian
Sea Super -Cyclone in the recorded history of cyclones .




OCEAN COLOUR MONITOR: OCEANSAT -1/2

ISRO has a dedicated Ocean colour programme and has successfully launched two ocean
colour sensors OCEANSAT-1 OCM-1 (May, 1999) and Oceansat -2 OCM-2 (September 2009).

A major goal for all these missions is to provide high-quality data products to user

community on an operational basis. The operational products from ocean colour are remote
sensing reflectances (Rrs) in ocean colour bands, chlorophyll -a concentration (Chi-a), =
vertical diffuse attenuation coefficient (KD 490) at 490 nm, aerosol optical depth (AOD865) at
865 nm and total suspended sediments (TSS). In addition to operational products, value -
added products such as coloured dissolved organic matter absorption coefficient (CDOM |
412) at 412 nm, total absorption and backscattering coefficient at 443 nm,

Photosynthetically available radiation (PAR), Ocean primary and new production are also

given to interested users.




OCEAN COLOUR MONITOR : OCEANSAT -1/2
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SYNTHETIC APERTURE RADAR: RISAT -1
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Radar Imaging Satellite -1 (RISAT-1) is the first indigenous satellite imaging mission of

S

ISRO using a C-band (5.35 GHz) Synthetic Aperture Radar (SAR). RISAT-1 was launched [

{on April 26, 2012 in a sun-synchronous polar orbit at a height of 536 km above the E=&

ground in a 6AM/6PM local equator crossing time. Being an active Microwave Radar, the =

RISAT-1 had the capability of imaging both the land and ocean surface in day-night all-

weather conditions . RISAT-1 was programmed with several modes of imaging with l
spatial resolution varying from 1 m (in high resolution Spotlight mode) to 36 m (in coarse
resolution ScanSAR mode). The images captured by RISAT-1 had catered to multi -

dimensional applications



SYNTHETIC APERTURE RADAR: RISAT -1
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SUBSURFACE PROJECTION OF SATELLITE DATA

-

Satellites extensively measure ocean surface parameters such as Sea Surface
—==] Height (SSH), Sea Surface Temperature (SST), and Sea Surface Salinity (SSS) that
& .~ ]are very well sampled at global scale. However, they are unable to directly measure
~“Jthe three dimensional structure of the oceans. Direct measurements of ocean

~~linterior from Argo, buoy etc. are very sparse in space and time. In order to get the

o] three -dimensional ocean structure, one way is to utilize available satellite
‘ observations of the ocean surface and projecting these to ocean interior using
several approximations . Ocean 3D density and velocity anomalies on a monthly basis
are reconstructed in the Bay of Bengal using Interior plus Surface Quasi-

Geostrophic  (ISQG) method from satellite surface observations at 0.25° spatial

resolution and at 10m depth intervals .




SUBSURFACE PROJECTION OF SATELLITE DATA

Satelllte Data Used for |sQG reconstructlon
OISST (25 km), Aquarius/SMAP sea surface
Sallnlty, AVISO SSH (25 km)

Depth in m

isQG derlved ocean interior

density anomaly fields at
different depths . Horizontal
resolution of output is 25km
and vertical layers are at 10m
interval .

Density anomaly in Kg/m”3
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THERMAL FRONTS DYNAMICS AND OCEAN EDDIES CENSUS
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IOceanic fronts and eddies are the meso-scale significant phenomena in the ocean . Fronts
are the boundary between water masses of different physical and chemical characteristics
and are marked by narrow zones of enhanced temperature, salinity and biological

-~ | gradients . They are usually associated with enhanced mixing and biological productivity

and this can be used as an indicator of potential fishery locations . The eddies are the
major transporters of heat, mass, momentum and other biogeochemical properties from
one region of the ocean to another. Moreover, the information on oceanic eddies is
crucially important for other ocean atmosphere studies. Eddy Characteristics such as

eddy properties, including position, radius, amplitude, and geostrophic speed and its



THERMAL FRONTS DYNAMICS AND OCEAN EDDIES CENSUS

Mesoscale eddies from Altimeter
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SENSITIVITY AND IMPACT STUDIES
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At SAC, many studies have been undertaken to understand the response of numerical

models to various forcing fields such as winds from satellites, turbulent and radiation e

4 fluxes, turbidity, etc. An accurate representation of the wind stress curl is found to be w

| crucial for simulating freshwater dispersal in the northern BoB during the summer

monsoon months . Spatial and temporal structure in the wind forcing play a crucial role
on the spatio -temporal evolution of freshwater in the northern Bay of Bengal through :}_ :
the evolution of oceanic eddies. Bulk formulation for computation of fluxes is also very
crucial for upper ocean model simulations . Various sensitivity studies using numerical

ocean models considering above mentioned aspects are carried out at SAC.




SENSITIVITY AND IMPACT STUDIES

Salinity sensor definition
study : High spatio -
temporal coverage from | v
satellites is required for |
the Bay of Bengal salinity
measurement .

Figure shows SMAP
salinity overlaid with ship
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SATELLITE DATA ASSIMILATION IN MODELS

| satellite missions . At SAC, several techniques are developed to assimilate observations

{ available from in situ (temperature, salinity, velocity etc.) and satellites (Sea surface ;

Data assimilation is a statistical combination of observations (satellite, insitu, etc.) and

model fields to generate the best possible estimate of the real state of a system . These

- | techniques are used to generate accurate initial conditions for the forecasting models as |

well as to carry out the observing system simulation experiments (OSSE) to define future |

temperature, Sea surface salinityy, sea level anomaly, ocean surface chlorophyll,
significant wave height etc.). Assimilation schemes developed at SAC includes Optimal

Interpolation, Ensemble Optimal Interpolation, Singular Evolutive Extended Kalman

# Filter, Ensemble Kalman Filter, Particle Filter etc.




SATELLITE DATA ASSIMILATION IN MODELS
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Assimilation of satellite derived chlorophyll into a very high resolution coupled bio-physical model using Ensemble
2 Optimal Interpolation : Ocean surface chlorophyll over the Bay of Bengal on 30th March 2015 from (a) satellite, (b)
: control fleld and (o)) aSS|m|Iat|on fleld



MARINE ECOSYSTEMS STUDIES

- -~

Knowledge on phytoplankton size class (PSC) and phytoplankton functional type (PFT) is
important to understand the marine ecosystem structure and function . PSC maps from s

1'7"'-'}.; OCM-2 data form a value added bio-optical product . The spatial and temporal
{ distribution of pico, nano and micro phytoplankton gives an insight into the community
-~ structure and the associated fishery resources . It can also form an essential climate -
_| variable (ECV) since PSC contribute significantly to carbon and nitrogen dynamics in _ =
{ ocean . Algal blooms are detected using ocean colour data. By the virtue of its high >
spatial resolution, OCM-2 is able to capture the massive green surface slicks that cover
the northern Arabian Sea during winter monsoon period from January -March . Recent
investigations using sea-truth campaigns indicate that these blooms are now being
4 dominated by the symbiotic dinoflagellate Noctiluca scintillans .




MARINE ECOSYSTEMS STUDIES

ECOSYSTEM "URE
PHYTOPLANKTON SIZE CLASS

—s and pico phytoplankton derived by
1 applying regionally -tuned PSC model Algal  blooms  (Noctiluca  scintillans ) from _
|®¥ to OCM-2 Chlorophyll -a of 30th March § Oceansat -2, OCM in the Gulf of Oman and north -
2019, off Gujarat coast, Arabian Sea. - west Arabian Sea , 04 March -2018




COUPLED BIOPHYSICAL PROCESS STUDIES

Phytoplankton growth depends on sunlight, availability of nutrients and temperature
Cyclones and cyclonic events cause short-term nutrient enrichment of upper - i
—' stratified oceans resulting in enhanced biological productivity and perturbations in S
| the otherwise stable and seasonally -varying ecological structure of the ocean.

- | Synergistic use of chlorophyll concentration from OCM-2 data along with Ekman

{ transport and pumping computed from scatterometer derived wind fields are used to p = =

o
AN

study upwelling and associated productivity . Coupled biogeochemical models are
T important  to understand the dynamics of productive region in the ocean interior .

These models can also forecast chlorophyll fields that are important during monsoon

months and cyclonic events.




COUPLED BIOPHYSICAL PROCESS STUDIES

Enhanced chl -a concer ns post Cyclone
(December 3, 2017)

o Very high resolution coupled ocean bio  -geophysical model

s = 27 Novembef2017g +  [= : : S - e : e T e
=0 T - = pe — e e
’ ¢ === = S — o ; : -~
".';'“"-”.""'? WL o " “'-3'5-, - . E ; oS .
Pre -cyclone Simulated Chlorophyll Concentration using
Intense Ekman pumping during cyclone leads to higher coupled ocean -biophysical model -




