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Outline of the Presentation INCDIS

v" About - Indian National Centre for Ocean Information Services (INCOIS), Ministry
of Earth Sciences, Hyderabad

v" India’s Ocean Observation Network

- INCOIS — Ocean Observation Network
- NIOT — Ocean Observation Network

v Marine Biogeochemical Carbon Cycle

- Global Ocean Carbon Cycle
- Indian Ocean Carbon Cycle

v" Surface Ocean Carbon Measurements

- Observing System Simulation Experiment (OSSE)

v [1Modeling physical-biological interactions in the Indian Ocean

- Biogeochemical State of the Indian Ocean (BIO)
v" REgional Carbon Cycle Assessment and Processes (RECCAP)v2

v" Indian Ocean Observations - Future Directions



INCDIS

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.

" N Our motto: Scientific Knowledge for Societal Benefit
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Major Activities INCDIS

& Ecosystem Based Services “
& Ocean State Forecasts & Advisory Services
& Early Warning for Tsunami and Storm Surges *Fishing Community
& Contribution to Weather/Monsoon/Climate Forecast
& Value-added Services for Coastal Management =Coastal States
& Information Bank & Web-based Service
&1 Capacity Building (ITCOOcean
pacity 9 ) «IMD, Navy, NHO,
Computational & Web Infrastructu l
Coast Guards
International Interface ‘
: =*Ports and Harbors
Satellite Ocean science
Oceanography and Modeling «Off-shore and Shipping
Remote Sensing In-situ Observations sResearch Institutions
Satellites * Argo Profiling Floats
= Oceansat-1(1999) - Data Buoys cAcademia
Ocean Colour Monitor * Current Meter Arrays
= Oceansat-2 (2008) + XBTs, Tide gauges
Ocean Colour Monitor, *BPRs, Coastal radars
Scatterometer *AWS, Research Vessels
" SARAL - ALTIKA *Process Specific
» Foreign Satellites Observations




India’s Ocean Observation Network

Present Status

Objectives
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« Ocean observation network has been established |
to collect sustained long term marine E
meteorological and oceanographic data from ]
open ocean and coastal waters of the tropical |
Indian Ocean to facilitate !
— Ocean Information and Advisory Services :
— Data__assimilation in the ocean and |
atmospheric models I

— Validation of operational nowcast / forecast of i
ocean state. :

— Understanding oceanographic processes and:
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air-sea interactions

* Conduct Field Campaigns for Process Specific

Studies to

— Quantify mixing processes

— Validate the performances of existing
parameterization schemes used in the OGCM

— Fine-tune the existing parameterization
scheme or develop new schemes.

— Fine-tune and refine the bulk flux algorithm

— Capacity building, education, and training and
inter-institutional project.

INCOIS Observations
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! Open Ocean

: * Argo Float Network (50 per year)

1 * Drifting Buoy Network (25 in last 3 years)
: *  Wave and oil spill drifter

| *  XBT/XCTD Transects (3 shipping lines)
: * Glider Transect ( 2 transects)

: *  Tsunami Buoy Network (4 locations)

: * AWS Network on Research Vessels (34)
: *  Wave Height Meter (1)

e Equatorial Current Meter Moorings (3)
1 * Flux Mooring in the Bay of Bengal

: * BGC Sensors on Arabian Sea OMNI Mooring
]
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*  RAMA Network (until 2017)
* Process Specific Observations: uCTD, VMPs, ASIMET,
LADCP, ECFS, Radiometers

Coastal

* Tide Gauge Network (36)

*  GNSS and SMA Network (35)

* Wave Rider Buoy Network (16)

* Coastal ADCP Network (17)

* Coastal Water Quality Buoy Network (6)
* SATCORE Observations (11)

NIOT Observations
*  OMNI Buoy & Tsunami Buoy Network (3)
* HF Radar (5) & RAMA Network (Since 2017)

INCQIS






Argo Profiling Float Network INCDIS

———————————————————————————————————————————————| r——————————————————————————————.

Status of Global Argo Floats

I L]
1 Argo Programme is a component of GOOS I
* INCOIS is leading the Indian Argo Programme :
¢ Complement the other in-situ ocean observation in the Indian !
Ocean - IndOOS / I0GOOS :
* Deploy 50 Floats per year (3:2 of TS and Bio Argo) :
* INCOIS serves as the Regional Argo Centre (RAC) in the Indian Ocean :
and also serves as National Data Assembly Centre (DAC) :
Variables ]
* Vertical profile of Temp, Sal, Chl-a, DO, Backscatter and Nitrate up to :
2000 m with 10 day typical mission :
Applications !
* Improve Ocean and Climate forecasting :
* Understand ocean-atmosphere interactions :
* Predict seasonal to decadal climate variability :
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Argo National contributions - 3920 Operational Floats October 2020
Latest location of operational floats (data distributed within the last 30 days)

* AUSTRALIA(341) * EUROPE (118) GREECE (2) * JAPAN(216) * NEWZEALAND(12) * KOREA REPUBLIC OF {15}

* BULGARIA(2) FINLAND (5) © INDIA(107) * MEXICO(1) + NORWAY (28) © SPAIN(24)

* CANADA(107) FRANCE (238)  * IRELAND(16) * MOROCCO (1) * PERU(3) . UK(149) @
b

CHINA (78) * GERMANY (184) * ITALY (84) NETHERLANDS (23) POLAND (10) * USA(2175)

* Wide range of applications for high-quality global ocean analyses

* Data Assimilation in OGCM

Data availability

* GTS and INCOIS website in near real time

* Real-time data for operational purpose and Delayed-mode data for

research purpose |
e Derived Data prOdUCtS are available online Tropical Cyclone's Effect on the Biogeochemical Processes :
Current Status e S
* 75 Floats (51 TS + 24 BGC) deployed during 2017-20 :E ‘ A
Future Plan | A\ |

0.05
0.038
0.026
0.014
0.002

* 50 floats/year at least one float in 3x3 grid (33 floats with
Temperature and salinity +17 Bio floats with CHL, DO and
backscatter)




Drifting Buoy Network INCDIS

i ——————— — — — — — — — ————— — — — — — S gy

STATUS OF GLOBAL DRIFTER ARRAY
° .Novembgr2r 2020 i

Drifting Buoy Network is a Global array of ocean i
surface drifters

Parameters
* Near-surface water temperature and atmospheric pressure.

Applications ' beyec 1631 e voanmOML

* Accurate and globally dense set of in-situ observations of
mixed layer currents, sea surface temperature, atmospheric
pressure, winds, waves, and salinity.

* Near-real time data (SST, sea level pressure and surface
winds on GTS) for operational weather analysis and
prediction
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T T T T T T T T T T T T 1
S 60°E 90°E 120°E 150°E 180° 150°W  120°W 90°W 60°W 30°wW 0° 30°E
Deploying Country
Australia (49) Denmarl K (6) ®Indonesia (3) ® Mauritius (1) ®seychelles (3) “UK (133)
® Brazil (23) * France (266) ®ltaly (31) ® New Zealand (59)  ®South Africa (78)  ®USA (735)
® Canada (28) ®German y (17) Japan (7) Netherlands (8) Spain (10) Unknown (5)
Chile (8) ®Iceland (26) ®Kenya (10) ® Palau (1)  Thailand (2)
China (13) ®India (4) “Korea, Rep. of (92) ®Portugal (12) “Tonga (1)

Monthly Data Availability of Drifters

i wa ] | N Ll R T

Indian Ocean on 1° x 1° resolution.
* ‘Sea truths’ for validation of remotely sensed ocean surface
parameters.

Data availability
e GTS and INCOIS website in near real time.

Drifting
drogue

Current status
» 25 Drifters deployed during 2017-20 and 4 are active

Future Plans
* 30 Drifters/year (at least one float in 5x5 grid)

2n °¢
Annual harmonics of zonal current



NIOT — Ocean Observation Network INCDIS
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Global Ocean Carbon Cycle INCDIS

Atmospheric CO, at Mauna Loa Observatory
T T T T T T v I 2

* The ocean plays a vital role in mitigating  *2°["
global climate change by sequestering
~30% of anthropogenically emitted
carbondioxide (CO,) per year (Le-
Quéré et al., 2018).

Scripps Institution of Oceanography

NOAA Global Monitoring Laboratory

400 -
380

360

e In the absence of this sink, the
accumulation of human-made CQO, in _
the atmosphere could have been  of ,ux

amplified by a  corresponding o A O TN s it (s O
1960 1970 1980 1990 2000 2010 2020

parts per million (ppm)

March 2021

magnitude, and global warming would Year

have been much more accelerated. B i~ O
* The global ocean has taken up nearly ;)ow e 1Ll @l ) ABRNE wsgo

165 = 20 Pg C emitted since the pre- ' '  "

industrial era (Le Quéré et al., 2018). '%;_ b LA S CET ek S 323

40° . ' > B f=fat- Y 5;0'

 The contemporary global ocean CO, RN A

sink is estimated to be 2.5 + 0.6 Pg C yr! Cr e e e

(Fl‘iedlingstein et al., 2019). 41 -6 5 - v - 0 | 3 5 13

Net Flux (moles CO, m? year’)

Mean annual net air-sea flux for CO, (moles CO; m-2 yr!)
for the reference year 1995 (Takahashi et al., 2002).



Indian Ocean Carbon Cycle INCDIS

* Tropical Indian Ocean (I0) alone contributed to storing 16.6 = 5.1
petagrams anthropogenic carbon, amounting a 16% of the global
total ocean sink (Sabine et al., 2004).

Table-1: Estimates of sea-to-air CO, fluxes of Indian Ocean north of 40°S based on
various estimates.

Methodology Reference Air-sea CO,
fluxes (Pg C yr)

Synthesis of top-down and bottom-up
Sarma et al. (2013) -0.37 £ 0.06

approaches

Climatology of surface ocean pCO,
Takahashi et al. (2014) -0.24 £0.12

based on direct measurements

Neural Network-Self Organizing Map- Landschiitzer et al.
-0.17 £ 0.12

based methods (2016)

Variational assimilation of surface Valsala and Maksyutov
-0.28 +0.18

ocean pCO, in a biogeochemical model (2010)




Global surface ocean pCO, measurements
5004t? Surface ocean fCO, over time (V5)

260 280 300 320 340 360 380 400 420 440

Reference - Surface Ocean
CO: Atlas (Bakker et al.,
2016)
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* Equilibrium with atmospheric fCO, takes up to 1 year,
* Large open ocean and coastal regions not sampled.

2020

Not much new data added
to the Indian Ocean

Mayjor contributions:

World Ocean Circulation
Experiment (WOCE) &
Joint Global Ocean Flux
Study (JGOFS) data in the
southwest 10.



Indian Ocean surface pCO, measurements | [ ]3

* Although the Surface Ocean CO2
Atlas (SOCATVv3-2020) database
consists of 95 million quality
controlled surface ocean pCQO2
measurements available from
1970 to 2019, the Indian Ocean
(30°E-130°E, 40°S-30°N) shares
only 0.8 million.

T

* It hardly represents 2.8% of the
total quality-controlled global
pCO2 data, especially for north

of 30°S (Pfeil et al, 2013;

[b] [\ Ridenbeck et al., 2015; Bakker et

al., 2016; Bakker et al., 2020).

v'The surface ocean pCO, can be

“ ‘ I ‘ | measured by instruments
. L an ) NIy -Mounted to moorings

l)1'9'7'1] 1980 1990 2000 2010 2020

-Attached to the hull of ships in
case of underway sampling
-Bio-Argo floats (including pH
Sensors)

20.

10.

(kilo no. of obs.)

SOCCATYV2.1 2019 Database of Ocean pCO,
from the Indian Ocean



Observing System Simulation Experiment (OSSE)
Oceanic Regions, Mooring and Ship-Tracks

Seasonality of sea-to-air CO, fluxes from 8-
oceanic regions used in the inversion

INCDIS
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Observing System Simulation Experiment (OSSE)
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INCDIS

Least Preferred
Mooring

40°E

‘ i lMooring

Valsala et al. (2021)

-20
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Best Preferred

40°E

60°E

80°E

100°E

120°E

Rank of RAMA+OMNI moorings identified for each season for surface ocean pCO2

observation with deep blue (red) represents best (least) valued mooring for pCO2
observations from this OSSE experiment.



Observing System Simulation Experiment (OSSE) INCDIS
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Valsala et al. (2021)
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Rank of Bio-Argo locations for each season for surface ocean pCO; observation with
deep blue (red) represents best (least) valued mooring for pCO, observations from
this OSSE experiment



20°E 40°E 60°E 80°E 100°E 120°E

- (c) January | ~

70 70 4

ol TS Valsala et al. (2021)
N

3

Flux Uncertainty Reduction (%)
£
Flux Uncertainty Reduction (%)
=

20

10 10 +
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L] L}
1 2 3 El 5 3 T 8 9 10 1 2 3 B 5 6 7 8 9 10
Rank of Ship tracks Rank of Ship tracks

The colors are given for discerning various tracks. The rank of each track in total U.R. of sea-to-
air CO, fluxes during January and July are written close to the tracks.



Biogeochemical State of the Indian Ocean (BIO) INCDIS

z 40°E 50°E 60° E 70°E 80°E 90° E 100° E 110° E 120°E

* Biogeochemical State of the
Indian Ocean (BIO) is a high
resolution, coupled physical-
biogeochemical modeling
system developed at INCOIS
to study the evolution of
biogeochemical state of the
Indian Ocean at both short
and long time scale.

30°

25°N

20° N
15° N

10°

N

50

Arabian Sea

10°S 5°S 0°
10°S 5°S 0°

,,,,,, ; | * To address the operational and

ol L Dve-roomou EE5 0 scientific needs, a suite of high
< o BOB - HOOFS (1/48°) [=} . .

Dwwoswn | pegolution, coupled physical-

L0 S0 100 . R2a0 biogeochemical models have

30°E 40°E 50°E 60° E 70°E 80°E 90°E 100° E 110°E 120° E been Conﬁgured

The biogeochemical state the ocean, which includes e« The models run for 5 days in

following major variables, is regularly updated by the ~ hind-cast mode followed by 5

BIO system: days in forecast mode

1. Nutrients, Chlorophyll-a thereby regularly updating to

2. Dissolved Oxygen etc. generate daily analysis of

3. Carbon Fluxes biogeochemical state of the
Chakraborty et al. (2018; 2019a,b; 2020; 2021)  Indian Ocean.



Bay of Bengal Ocean Acidification Buoy

440.
420. -
400. -
380. —
360, - -
N pCO,efBOBOA) PCO,(ROMS) -
340. T PR SRR L L I e | TR AR PR L e e | R SR I PP, o P e | TS P R R PR
NDJFMAMJ JASONDJFMAMJ JASONDJFMAMIJASONDJFMAMIJTASONDJFMAMIIASON
2014 2015 a018 a017 2018
B-lo 1 I L 11 11 1 1 1 1 1 I IIIIIIIIIII I IIIIIIIIIII I IIIIIIIIIII I IIIIIIIIII
B.08 — -
8.06 - -
8.04 - B
B.08 —
% pH(BOB ) pH(ROMS) -
.00 -rr—r—r—/7—m4—m—r—rr—r—ryr—r—rrr—rT— T T T T Ty T T T T T T T T[T T T T T T T T T T T T T T T T T T T
NDJFHAMJ JASONDJFMAMJ JASOND JFMAMI IASONDJFMAMJ JASOND JFMAMIIASON
2014 2015 2016 2017 2018

INCQIS

4 RAMA Buoy
* NIOT Buoy j
® Shallow ADCP

30°E 40°E 50°E 60°E 70°E 80°E 90°E 100°E 110°E 120°E

0 1000 2000 3000 4000 5000
Depth (m)

Research Moored Array for African-
Asian-Australian Monsoon Analysis
and Prediction (RAMA) —

Under MoES-NOAA OMNI-RAMA
Joint Collaboration

* The maxima of seasonal amplitudes of pCO, and pH occur during April-May and

August-September for both basins.

* The maximum seasonal amplitude of pCO, contributed by Temperature and DIC

complement each other.

* The maximum peak in pCO,; is found to be concurrent with the peak in surface
temperature during April-May. Salinity moderately controls the seasonal variability

of pCO, at the BOBOA location.

Chakraborty et al. (2021)
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Global Carbon Project INCDIS

RECCAPVZ2

REgional Carbon Cycle Assessment
and Processes2

Gotemba, Japan 2019 — Launch of RECCAP2

Global
Carbon
Project



RECCAPYV2 - Ocean INCDIS

Scientific Objectives RECCAPv2

1. To establish mean decadal GHG budgets of large regions covering the globe
at the scale of continents (or large countries) and large ocean basins.

2. To evaluate the regional contributions to the global budgets of GHGs and
identify ‘hot-spots’ of inter-annual variability and trends, and their underlying
processes.

Regional Models in the Assessment Process

* None of the global models capable of simulating Indian Ocean carbon cycle
(Sarma et al., 2013). Those models which are doing good job in the north
are not doing well in the south and vice versa.

* Regional models have been included along with global models to examine
how best they are performing in the Indian Ocean, especially north, while
dividing the Indian Ocean in to three zones

- Arabian Sea (NW Indian Ocean)
- Bay of Bengal (NE Indian Ocean)
- South Indian Ocean



Objectives:

Buoy Based Autonomous Water Quality Observatory

- T

INCDIS

List of Variables —

Temperature, Salinity,
Dissolved  Oxygen, pH,
Chlorophyll-a, Turbidity,
Current Meter, Nutrients
(Nitrite, Nitrate, Ammonium,
Phosphate, Silicate), pCO,
(water), pCO, (Air),
Scattering at 700nm, CDOM,
Geolocation, Depth, etc.

1. To establish sustained coastal observatories to monitor and understand coastal

processes for now-casting and forecasting water quality

2. To develop water quality forecasts model for assessing the health of the coastal and
estuarine waters by using the sustained coastal observatories for model validation and

assimilation



EKAMSAT INCDIS

? SN Parameter SN Parameter SN Parameter
01 Temperature 17 Silicate 33 Lead
EKAMSAT - Enhancing Knm'/vledge of the Arabian Se’za.Marlne environment 02 Salinity 18 DIC 34 Mercury
through Science and Advanced Training
03 Total Alkalinity 19 DOC 35 CDOM
(Fluorescence)
(An India-US joint programme) 04 pH 20 PIC 36 CDOM
(Absorbance)
05 Dissolved Oxygen 21 POC 37 Pigment
AR AT Y
25°N 06 BOD 22 TOC 38 Chlorophyll-a
Total
07 COD 23 TIC 39 Chlorophyll-a-Pico
08 Nitrite 24 Total 40 Chlorophyll-a-
20°N * Carbon Nano
09 Nitrate 25 Turbidity 41 Chlorophyll-a-
Micro
10 Ammonium 26 TSM 42  Phytoplankton
15°N .
11 Total Inorganic 27 Fecal 43 Zooplankton
Nitrogen Coliform
12 Total Organic 28 E. coli 44 AOP
Nitrogen
10°N 13 Total Nitrogen 29 Total 45 Dissolved Gases
Coliform
14 Inorganic Phosphate 30 Iron 46 Dissolved N,O
Isotope
15 Organic Phosphate 31 Manganese 47 POC & PON
5°N : . Isotope
5-21°N& 67°E 16 Total Phosphorous 32 Cadmium 48 DIC Isotope

50°E 60°E 70°E




Summary and Conclusions INCQIS

e There is a big knowledge gap, mainly of poorly known air-sea CO, fluxes, which is
critical to our understanding of the carbon cycle and the carbon budget in the
Indian Ocean.

* There is a critical need to understand the status of Indian Ocean acidification in
open-ocean and coastal environments and identify its key drivers and to examine
its impacts on marine ecosystems.

e Ship-track measurements of underway pCQO, in SOOP are far more efficient in
constraining Indian Ocean CO, fluxes than time-series data from fixed moorings.

e The maximum flux uncertainty reduction achievable by installing pCO, sensors in
the existing RAMA and OMNI mooring is limited to 30% in different seasons

whereas a single track SOOP can reduce the current uncertainty by approximately
62%.

* Considering the relatively smooth operation and implementation of Bio-Argo
floats, one may consider that around 20 Bio-Argos are still the right choice over
installing mooring based pCQO, sensors

* The rate of change of regionally integrated air-sea CO, flux is 0.00763 (Pg C/year).



INCDIS
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Your comments please ...
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