EQUIPEX NAOS

WP5 : Deep oxygen floats in the North-
Atlantic

Virginie Thierry
Damien Desbruyeres, Herlé Mercier, Cécile Cabanes,
Catherine Lagadec, Virginie Racape, Guillaume Maze, Eva
Pietro-Bravo, Thierry Reynaud, Catherine Schmechtig

Laboratoire d’Océanographie Physique et Spatiale
UMR 6523 CNRS / IFREMER / IRD / UBO-IUEM



Change in Global Energy Inventory

(IPCC, 2013)




Temperature trends in m® C/decade
from the 1990s to the 2000s (Kouketsu
et al, 2011; Purkey and Johnson, 2010)

Mean temperature trend

Global Southern Ocean

6000+
04 0 04 08 -4

d 6 /dt [x10™° °C yrj_]

~—




Observational estimate of the 50-year (1960 to
2010) oxygen change

Oschlies et al 2018




Meridional Overturning Cell




Scientific and technological objectives

1 Deployment of 23 Deep-Arvor floats with oxygen
sensor in the North-Atlantic Ocean

1 Implement a pilot experiment for O2 and deep data

§ Implement the corresponding data stream at
international level

§ Prepare the future international Deep-Argo and
Argo-02 array

1 Technological objective: Demonstrate the capacity of the Deep-Arvor float at
acquiring deep (below 2000m depth) and oxygen data of high-quality

1 Scientific objective : Investigate deep convection and deep water mass circulation and
mixxing in order to investigate the input and propagation of climatic anomalies within
the ocean interior




Implementation and floats performances

1 The NAOS Deep-Arvor floats were deployed in the North-Atlantic
Ocean, in complement to other deployments

1 2 floats were deployed in the Southern Ocean




Implementation and floats performances

0 Back and forth between at sea experiments and improved
technology
1 Improvments of both platforms and software over the duration of
the project
§ Mean life time of 47 cycles (about 120 expected) for the first batch
of float deployed before 2018

§ Floats deployed since 2018 are still active and have already

exceed the mean life time of the first batch. _
First batch (deployed in 2017) Second batch (deployed in 2018)
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Data management and qualification:
Investigation of the quality of the
conductivity/salinity data

1 Comparaison of the first float profile with a calibrated reference CTD
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Data management and qualification:
Investigation of the quality of the
conductivity/salinity data

1 Comparaison of the first float profile with a calibrated reference CTD
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Data management and qualification:
Investigation of the quality of the
conductivity/salinity data

1 Comparaison of the first float profile with a calibrated reference CTD
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Data management and qualification:
Investigation of the quality of the
conductivity/salinity data

1 Comparaison of the first float profile with a calibrated reference CTD
case
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§ Attributed to an incorrect value of the
compressibility conductivity cell
coefficient (Cpcorr) in Seabird
equation

§ NAOS team is included in the
International working group that
addresses this issue. The team
suggests a new Cpcorr of about -
13.5 e-08 (the current value is -
9.57e-08).




Data management and qualification

1 One major contribution of the NAOS project is its implementation
of the procedure for managing oxygen data in the Argo data
stream

"mr‘nmar

IDOX: a Software for
Oxygen data correction
Manual

Thierry et al. ,
2018




Scientific analyses
Investigate ISOW pathways, mixing and variability with
Deep-Arvor floats

Circulation scheme in the deep layers (00=27.8),

Daniault et al. 2016
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Scientific analyses
Investigate ISOW pathways, mixing and variability with
Deep-Arvor floats




Investigate ISOW pathways downstream of Charlie-Gibbs
Fracture Zone
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Investigate ISOW pathways downstream of Charlie-Gibbs
Fracture Zone

Racapé et al, 2019




Deep convection in the Irminger and Labrador Sea

Winter 2014-2015 MLD
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Piron et al, 2017

i




Labrador Sea would be a net sink for atmospheric
oxygen

Wolf et al, 2018




Conclusions and perspectives:
Data quality

1 We demonstrated the value of the Deep-Argo data

1 To go further, we designed the three-head Deep-Arvor floats
§ Sensors intercomparison
§ Long-term stability

§ Two three-head Deep-Arvor floats should be deployed in 2020/2021
(H2020 Euro-Argo RISE project)

SBE41
Concerto RBR SBEG61CP




Conclusions and perspectives:
Scientific results

Piron et al, DSR, 2016

Le Reste et al, JAOT, 2016
Piron et al.,GRL,2017

Wolf et al, GBC, 2018
Racapé et al., JGR, 2019
Roemmich et al., FMS, 2019
Bittig et al., FMS, 2019
Zunino et al., OS, 2020

Le Traon et al., FMS 2020
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Investigate ISOW pathways downstream of Bight Fracture

Zone
T. Petit, V. Thierry, H. Mercier




Interannual and decadal variability of ISOW
E. Pietro-Bravo, D. Desbruyeres, V. Thierry
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Conclusions and perspectives:
Towards a sustain Deep-Argo array

Results gained from NAOS where shared
among the international communities

They contributed at defining the new Argo
program that is now global in extent, full depth
and multi-disciplinary (Roemmich et al., 2019)
and the European strategy

Deep Argo component : 1250 active Deep Argo
floats at 5° x5° spacing (Johnson et al., 2015)
and cycling every 10 days

Mixture of 4000 m and 6000 m floats to
monitor, in a cost-effective manner, both the
deep layer (2000-4000 m) and the abyssal layer
(> 4000m)



Towards a sustain Deep-Argo array

1 The transition from regional pilot array to global array :

§ maintenance and expansion of the spatial domain of the existing regional pilot
array;

§ initiation of new regional arrays, starting with areas where the deep layers are
believed to undergo substantial decadal changes, seasonal cycles, or other
variability, and that are close to deep-water and bottom-water formation sites.

1 France will follow those principles
§ Maintain the Deep-Argo array in the North-Atlantic and extends it southward
- Contribute in other locations (eg. Southern Ocean)

Le Traon et al, 2020
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Marine Core Service

Change in Global Energy Inventory



(IPCC, 2013)





Marine Core Service

2



L’océan joue un rôle de modérateur du changement climatique en absorbant une majeure partie de l’excès de chaleur du à l’augmentation de l’effet de serre. Quantifier et comprendre la réponse de l’océan au forçage anthropique est donc devenu une priorité des sciences du climat et c’est pourquoi cette dernière décennie a été marquée par un effort sans précédent pour développer et consolider les systèmes d’observation de l’océan. Effort dans lequel le LOPS/LPO a largement contribué.

Les éparses de données éparses montrent une pénétration des anomalies de contenu thermique en profondeur ce qui plaide en faveur de l’extension des réseaux d’observations au-delà de 2000m de profondeur.







Temperature trends in m°C/decade from the 1990s to the 2000s (Kouketsu et al, 2011; Purkey and Johnson, 2010)





27-28/04/2016

Euro-Argo ERIC - 1st STAG meeting
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Mean temperature trend



Global             Southern Ocean





Marine Core Service

Clear warming signal below 4000 m depth

Sign and amplitude of the temperature trend is uncertain in the 2000-4000 m due to large regional differences and uncertainties: 



Need to sample the global ocean
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Observational estimate of the 50-year (1960 to 2010) oxygen change



Oschlies et al 2018





Marine Core Service

Meridional Overturning Cell







Marine Core Service
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Les projections climatiques du GIEC suggèrent un ralentissement de la MOC  plaide pour des réseaux d’observation qui au delà des propriétés des masses d’eau soient capables de quantifier les variations intégrées de circulation mais également pour des études permettant de comprendre les mécanismes de variabilité de la circulation grande-échelle.









Scientific and technological objectives

Deployment of 23 Deep-Arvor floats with oxygen sensor in the North-Atlantic Ocean



Implement a pilot experiment for O2 and deep data

Implement the corresponding data stream at international level

Prepare the future international Deep-Argo and Argo-O2 array





Technological objective: Demonstrate the capacity of the Deep-Arvor float at acquiring deep (below 2000m depth) and oxygen data of high-quality



Scientific objective : Investigate deep convection and deep water mass circulation and mixxing in order to investigate the input and propagation of climatic anomalies within the ocean interior







Marine Core Service

Implementation and floats performances

The NAOS Deep-Arvor floats were deployed in the North-Atlantic Ocean, in complement to other deployments

2 floats were deployed in the Southern Ocean















Marine Core Service

Implementation and floats performances

Back and forth between at sea experiments and improved technology 

Improvments of both platforms and software over the duration of the project

Mean life time of 47 cycles (about 120 expected) for the first batch of float deployed before 2018 

Floats deployed since 2018 are still active and have already exceed the mean life time of the first batch.









First batch (deployed in 2017)

Second batch (deployed in 2018)





Marine Core Service

6902882







6902814







Marine Core Service

Back and forth between at sea experiments and improved technology is what we expect from a pilot experiment and a project like this

And explains why 4 floats remain to be deployed





Faire le QC O2 !
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Data management and qualification: 
Investigation of the quality of the conductivity/salinity data

Comparaison of the first float profile with a calibrated reference CTD case



Salinity difference between Argo and the reference profile as function of pressure

Le Traon et al, 2020





Marine Core Service

Data management and qualification: 
Investigation of the quality of the conductivity/salinity data

Comparaison of the first float profile with a calibrated reference CTD case





Offset

Slope

Le Traon et al, 2020





Marine Core Service

Data management and qualification: 
Investigation of the quality of the conductivity/salinity data

Comparaison of the first float profile with a calibrated reference CTD case







Kobayashi, Sato, and King (submitted)

Le Traon et al, 2020





Marine Core Service

Data management and qualification: 
Investigation of the quality of the conductivity/salinity data

Comparaison of the first float profile with a calibrated reference CTD case



Le Traon et al, 2020

Attributed to an incorrect value of the compressibility conductivity cell coefficient (Cpcorr) in Seabird equation

NAOS team is included in the international working group that addresses this issue. The team suggests a new Cpcorr of about -13.5 e-08 (the current value is -9.57e-08).





Marine Core Service

Data management and qualification

One major contribution of the NAOS project is its implementation of the procedure for managing oxygen data in the Argo data stream 







Thierry, et al (2018) 



Thierry et al. , 2020



Bittig, et al (2018). 

Thierry et al. , 2018





Marine Core Service

Activity integrated in BGC-Argo and conducted in close collaboration with international partners
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Scientific analyses 

Investigate ISOW pathways, mixing and variability with Deep-Arvor floats







Circulation scheme in the deep layers (σ0=27.8), 

Daniault et al. 2016

Sarafanov et al, 2007





Marine Core Service









Scientific analyses 

Investigate ISOW pathways, mixing and variability with Deep-Arvor floats







Marine Core Service

Red points represent the three locations where the Deep-Argo floats were deployed.: 5 in the Charlie Gibbs Fracture Zone, 3 in the Bight Fracture Zone, 4 in the Imringer Sea. The floats are programmed to drift at the level of the ISOW core: 2100 dbar in the Irminger Sea and BFZ, and 2750dbar in the CGFZ.



Deep circulation remains largely unknown

We deployed 14 Deep-Arvor floats in the North-Atlantic Ocean to investigate ISOW pathways through fracture zones in the Mid-Atlantic Ridge and in the Irminger Basin

ISOW, a main component of the lower limb of the MOC in the North-Atlantic
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Investigate ISOW pathways downstream of Charlie-Gibbs Fracture Zone

Racapé et al, 2019





Marine Core Service





Investigate ISOW pathways downstream of Charlie-Gibbs Fracture Zone

Racapé et al, 2019





Marine Core Service

Deep convection in the Irminger and Labrador Sea





Piron et al, 2017

Winter 2014-2015 MLD 





Marine Core Service

Labrador Sea would be a net sink for atmospheric oxygen

Wolf et al, 2018







Marine Core Service

Conclusions and perspectives: 

Data quality



SBE41



Concerto RBR

SBE61CP





We demonstrated the value of the Deep-Argo data

To go further, we designed the three-head Deep-Arvor floats

Sensors intercomparison

Long-term stability

Two three-head Deep-Arvor floats should be deployed in 2020/2021 (H2020 Euro-Argo RISE project) 





Marine Core Service

Conclusions and perspectives: 

Scientific results

Piron et al, DSR, 2016

Le Reste et al, JAOT, 2016

Piron et al.,GRL,2017

Wolf et al, GBC, 2018

Racapé et al., JGR, 2019

Roemmich et al., FMS, 2019

Bittig et al., FMS, 2019

Zunino et al., OS, 2020

Le Traon et al., FMS 2020











Marine Core Service

Investigate ISOW pathways downstream of Bight Fracture Zone

T. Petit, V. Thierry, H. Mercier

















Marine Core Service

Hydrography (OVIDE, RREX) + Deep Argo + OSNAP moorings

post-doc Eva Pietro Bravo, H2020 Euro-Argo RISE





Interannual and decadal variability of ISOW

E. Pietro-Bravo, D. Desbruyères, V. Thierry





Marine Core Service
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Conclusions and perspectives: 

Towards a sustain Deep-Argo array



Results gained from NAOS where shared among the international communities 



They contributed at defining the new Argo program that is now global in extent, full depth and multi-disciplinary (Roemmich et al., 2019) and the European strategy 



Deep Argo component : 1250 active Deep Argo floats at 5°x5° spacing (Johnson et al., 2015) and cycling every 10 days



Mixture of 4000 m and 6000 m floats to monitor, in a cost-effective manner, both the deep layer (2000-4000 m) and the abyssal layer (> 4000m)







Marine Core Service

Towards a sustain Deep-Argo array

The transition from regional pilot array to global array : 

maintenance and expansion of the spatial domain of the existing regional pilot array;

initiation of new regional arrays, starting with areas where the deep layers are believed to undergo substantial decadal changes, seasonal cycles, or other variability, and that are close to deep-water and bottom-water formation sites.



France will follow those principles

Maintain the Deep-Argo array in the North-Atlantic and extends it southward

Contribute in other locations (eg. Southern Ocean)





Le Traon et al, 2020





Marine Core Service

These pilot experim

in order to also contribute to the core Argo program. 

ents demonstrated the feasibility of a Deep Argo array and contributed to defining the new Argo program 

26



image1.png







image2.jpeg

Energy (Z2J)

300

250

200

150

100

50

-100

[ Upper ocean

I Deep ocean
Ice

N Land

I Atmosphere

- — = Uncertainty

1980 1990
Year

2000

2010






image3.png

|

ASae -
R, i
N < ' . & - P 5
TV S : % .
7 : =

90°W  60°W 30°W 0° 30°E 60°E 90°E 120°E 150°E 180° 150°W  120°W 90°W  60°W

(b) 4000-5000 m

—
T —

[ aomosooom )
- '\\ l

"~

90°W  60°W  30°W 0° 30°E 60°E  90°E  120°E  150°E  180°  150°W  120°W  90°W  60°W
(c) 5000 m—bottom
,N — — — : I — —‘._»‘__
' - ~ =L oot o)
:rN a v v, 9 : it . R a
A 3+1 (241 +17 n 8

411

5T (4%
3 41

......................................................................

................................................................

73436 88149

90°W  60°W 30°W 0° 30°E 60°E 90°E 120°E 150°E 180° 150°W  120°W 90°W  60°W






image4.png

Depth [m]

1000
1500
2000
2500 1
3000
3500
4000 o=
4500
5000
5500
6000 (a) *
20 0 20 40 20 0 20 40 60 04 0O 04 08 -4 0 4 8 12

Heat [x10° W m®] do/dt[x10°°Cyr







image5.tiff







image6.jpeg







image7.JPG







image8.png

64°N

Latitude
()]
(o))
o
pd

48°N

40°N

32°N

—+— 6902881
6902882
6902884
6901631
6901632
6901597
6901468
6901441
6901031
6901763*

-~ 6902818*

~6901601*

~6901603*
~6902810*

- 6902811*

-~ 6902812*

-~ 6902819*

—+—6901760*

—+—6901762*

—+—6901757*

—+—6901758*

6901759*

60°W  45°W  30°
Longitude

-
[§)]
[o]
=
o
o

—+—6901602*







image9.png

48°S

—+— 6902813
—+— 6902814

o

(o))
o)

[72)

Latitude

64°S |

120°E  135°E  150°E 165°E 180°W
Longitude






image10.png

6901603

58°N — — — —

40'
20'

57°N

—————

40'

20"

ooy B

e 7
——13

38°W 37°W 36°W 35°W 34°W 33°W 32°W

Longitude







image11.png

66°N

63°N

60°N

Latitude

57°N

54°N T

51°N

42°W  36°W 30°W 24°w 18°w
Longitude






image12.png

Pressure (dbar) Pressure (dbar)

Pressure (dbar)

—
o
o
o

N
o
o
o

W
o
o
o

4000

—
o
o
o

n
o
o
o

W
o
o
o

4000

—
o
o
o

N
o
o
o

W
o
o
o

4000

Temperature (deg Celsius)

10

20

30 40
Cycle number

Salinity

10

Dissolved oxygen concentration (mumol/kg)

20

30 40
Cycle number

10

20

30 40
Cycle number

50

60

35

34.95

34.9

34.85

34.8

320
310
300
290
280
270
260
250






image13.tiff

Temperature (deg Celsms)

—
o
o
o

Pressure (dbar)
N
o
o
o

200 30 40 50 60
Cycle number

Salmlty

34.8

34.75

—
o
o
o

34.7

34.65

34.6

Pressure (dbar)
N
o
o
o

34.55

200 30 40 50 60
Cycle number

34.5

Dissolved oxygen concentratlon (mumol/kg)

200

190

180

170

160

20 30 40 50 60 70 80 90
Cycle number

150

Pressure (dbar)

w N —

o o o

o o o

o o o o
_L -
=t






image14.png

32°s
40°S

48°S

56°S

64°S ||

6902814

105°E 120°E 135°E 150°E 165°E 180°W
Longitude






image15.tiff

pressure

500
1000
1500
2000
2500
3000
3500

4000

RREX15 : 6901757

GEOVIDE : 6901631

- 0 T
x 1
i 500 i
1000 L
e e —_—
0 T
—l— 1500 ——ti—l—"—
¥ 2 1
- 8 2000 ——m—1—
i 2 1
- y0:-0.0044 S 5500 = y0:-0.0126
b 100046 ~0-0013 3000 ; " 1000 g6’ 0-0001
' 0:-0.004- X
"1000db’ -0.0012 3500 -
il 4000 -
-0.02 [ 0.02 -0.02 [ 0.02
A PSAL APSAL






image16.tiff

Float wmo number

6902814
6902813
3902129
6902882
6902881
6902812
6902810
6902811
6902818
6902819
6901763
6901762
6901760
6901603
6901602
6901601
6901759
6901758
6901757
6901631
6901632

[EEE S
-
t
B
—_—
——
—_—
——
——
[
]
—a—
-

-
—_—
[

—

—

-0.02

-0.01

Yo

0.01

0.02

-3

-2

o
Slope /1000db

x10”

8144
8467
9224
10122
10121
8466
8212
8211
8178
8145
6763
6762
6760
6758
6757
6756
6755
6754
6752
n/a
n/a

SBE41 Serial Number






image17.png

Pressure (dbar)

Pressure (dbar)

Potential temperature (°C)

Float: Deep NINJA SN 04

342 343 344 345 346 347 342 343 344 345 346 347
Salinity Salinity

(c) (d) Deep NINJA (e) APEX—Deep

-0.02 0.00 0.02 -0.04 -0.02 0.00 -0.02 -0.01 0.00 0.01
Deviation from reference Deviation from reference Deviation from reference

0.02






image18.png

Argo data management
hitp:idx.doi.org/10.13155/39795

il
=
)
£
)
o
N
c
0
£
N

i
v

v
)
o)
=
0

Processing Argo OXYGEN

data at the DAC level

Version 2.3.1
June 13th 2018

weo (D







image19.png

Argo data management
DoI: hitp://dx.doi.org/10.13155/46542

et
o
O
=
O
(=)
©
o
©
S
o]
et
)
O
Q
D)
| =
@©

Argo Quality Control Manual

for Dissolved Oxygen
Concentration

Version 2.0
23" October 2018

ameo (@







image20.png

—fremer

BEODOX: a Software for
o Oxygen data correction
Bpser Manual

peNierry, Emilie Brion, Marine Gallian, Thierry
N iomas Bouinot, Catherine Lagadec, Anne Piron,
IRICia Zunino

V3.4 —18/05/2020







image21.png

,fruntiers

in Marine Science

REVIEW
‘pubished: 22 August 2019
dot: 10.3388mars 2019.00602

OPEN ACCESS

Edited by:

Juat Harmes,

South African Ervironmental
‘Obsarvation Network ([SAEON),
South Africa

‘Rewlewed by:

Shinya Kouketst,

Japan Agancy for Marine-Earth
‘Sciance and Technology. Japan

B Pister Achisrbang,

‘GEOMAR Hemholtz Center for Ocaan
Fesearch Kial Gemmany
“Correspongence:

Henry C. Bty

hanry bIgc-wamamueanae. de.

‘Speciaity section:

This articke was sutimiltad fo
‘Ocaan Observation,

3 saction of the joumal
[Frontiers N Marine Sciance

‘Recelved: 15 March 2019
‘Accepted: 25 July 2013
Published: 22 August 2019

Bty HC, Maurer TL, Plant N,
Schmechtfy C, Wong APS,
Clausine H, Tl TW,

Ligsya Bhaskar TVS, Boss E,
DafOimo G, Organedl E, Potea A,
Johnison KS, Hansten C, Leymanie £,
Le Aeste 5, Aiser SC, Aupan AR
Tellanoiler | Thiemy ¥ and Xing X
(2019 A BGC-Argo Guide: Penning,
Daployment, Dats Handing

‘and Uisage. Font. Mar. 5ol 6:502
ook 10,2383/ mars. 2015.00502

®

St r
(=

A BGC-Argo Guide: Planning,
Deployment, Data Handling
and Usage

Henry C. Bittig***, Tanya L. Maurer?, Joshua N. Plant, Catherine Schmechtig®,
Annie P. 5. Wong=, Hervé Claustre2, Thomas W. Trulls, T. V. 5. Udaya Bhaskars,
Emmanusl Boss®, Giorgio DallOimo®, Emanuele Organelli®, Antoine Poteau?,

Kenneth 5. Johnson®, Craig Hanstein®, Edouard Leymarie®, Serge Le Reste™,

Staphen C. Riser*, A. Rick Rupan®, Vincent Taillandier?, Virginie Thierry™ and

Xiaogang Xing»

 Laibntz instiute for Batc Sas Research Wsmamande (IOW), Rosiock, Gammary, * Laboriole dOcesnographis

e Viialranche {LOV). CNIRS, Sorbanne Linverste, VBslranche-sur-Mear, France, * Monisrey Bay Aquarkim Fessarch
Instfufe, Moss Landing, CA, Unfed Statas, * LIMS 3455, OSL e Tara, CNIRS, Sobonne Linversie, Farks, France,

* Schoal of Oceanograpty, Linversty of Washington, Seeftle, WA, Lniiad States, © CSIA0 Ocaans and Amasshers, Hobart,
TAS, Australi, ? incln Netional Centre for Ocesn informiation Sarvices INCOLS), Minky of Esrih Science, Hyoerabac,
Incks, * School of Manne Sciences, Linkersty of Mane, Orond, ME, Linfed States, ® Pmouth Mamne Labortony; Nations!
Cantre for Earth Obsanation, Fymouth, Linted Kingdom, 1 L aborstole d'Ocdanographie Prysique ef Spatisie L OPS),
e, CNFS, IFD, ILIEM, Linversfy of Brest, Brast, France, ™ State Ky Laboralory of Sateiits Ocean Emvionment
Dynamics, Sacond instiute of Ocesnography, Min'siry of Natural Fssourtes, Hangehou, Ching

The Biogeochemical-Argo program (BGC-Argo) is a new profiing-fioat-based, ocean
wide, and distributed ocean monitoring program which is tightly linked fo, and has
benefited significantly from, the Argo program. The community has recommended for
BGC-Argo to measure six additional properties in addition to pressure, temperature and
salinity measured by Argo, to include oxygen, pH, nitrate, downwelling light, chiorophyll
fluorescence and the optical backscattering coefficient. The purpose of this addition is to
enabla the monitoring of ocsan biogeochemistry and health, and in particular, monitor
affect on phytoplankion, the main source of energy of marine ecosystems. Here we
describe the salient issues associated with the operation of the BGC-Argo network,
they produce. The topics include fioat testing, deployment and increasingly, recovery.
‘Aspects of data management, processing and quality control are coverad as well as
specific issues associated with each of the six BGC-Argo sensors. In particular, it is
recommendad that water samples be collactad during ficat deployment to be used for
validation of sensor output.

Keywords: ocean observation, ocean blogeochemical cycles, sensofs, carbon cycle, ocean oplics, best
practices, argo

INTRODUCTION

The Biogeochemical-Argo program (BGC-Argo) was officially launched in 2016 with the goal
to measure key biogeochemical ocean variables at a global scale. These observations support
objectives within the three themes framed by the Global Ocean Observing System (GOOS):
(i) climate change, (ii) marine ecosystem health and (jii) operational services. Within this context
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