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OneArgo: From Ocean Observations to Societal Benefits

A A landmark article just released to

showcase the full value of Argo to
society

A OneArgo: the next -generation
global ocean observing system,
building on 25 years of Argo
success

A This session reflects the spirit of
that article: outreach, advocacy,
and co -construction

1" frontiers
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Crossing Boundaries : Scientists & End -Users Together

A A different approach: each theme
In the article pairs an Argo
operator with an end  -user

A Highlights the real  -world impacts
of Argo on climate, fisheries,
hsKf, " «#@s” ' @ ' uvhgsn'y

A Visibility and public appropriation ‘
of Argo are key to sustained €
funding and long  -term viability

17440 deployed floats
5923 active foats



From Datato Action: B s n atGtake

A Argo underpins major services:
forecasting, sea -level monitoring,
ecosystem tracking

A OneArgo expands to deep ocean, polar
regions, and biogeochemistry

A Enables science -based governance of the
high seas through open, global ocean
data

A Investing in OneArgo is investing in
resilience, science, and a sustainable
future

As a summary this session brings together key actors across the value chain T fromth ose
who generate and steward high -quality ocean data with those who turn it into impact



Status of Argo and OneArgo

Susan Wijjfels (swijffels@whoi.edu ), Brian King
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Argo

Combines an highly efficient ocean sensing technology, a global
mission and with fit  -for -purpose data management system
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6 -12 hours at surface

to transmit data to satellite Total cycle time 10 days
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1 Salinity & Temperature
s profile recorded during ascent
1 ~10 cm/s (~6 hours)

1000 db (1000m)

Float descends to begin
profile from greater depth
2000 db (2000m)

A Long lived autonomous ocean profilers

with stable high  -quality sensors
A A simple and effective global design
A Designed to be synergistic with
satellite missions
Open and fast data sharing
Strives for uniform data quality
Multiple nations operate (~30) and
deploy (~52) Argo floats
Serve both science and operational

users

K. e@es__ 6Qe M s T1Q°
research vessel time.
Argo enables everyone to explore our dynamic
ocean environment > 6000 research papers
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Past Argo Implementation

Argo Status as of November 2001 (262 Floats)
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A new design - OneArgo

Expanding to serve new communities and support new services
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Argo Argo 2025 Design: 4700 floats

® Core Floats, 2500 Target density doubled
. Deep Floats, 1200

@ . BGC Floats, 1000

o)
A

Full Depth, Global (including polar) and

multidisciplinary (bio -optics, oxygen, pH,

nitrate)



New Missions of

BioGeoChemical Mission
A Plankton/particles via bio -
optics
A Carbon system via pH
A Ocean environment via
oxygen and nitrate

Satellite
partners

OneArgo : targeting major blind spots

Polar Mission Deep Mission

A Full depth sampling

A High accuracy sensors
needed to track deep ocean
changes

A Seasonal sea -ice zones

A Developed ice -avoidance
strategies

A Winter data is stored and
shared in spring

Ice Radars Gravity and Altimetric sea

level

Sea lce Concentration, 15 May 2025

Credits: NASA



The Implementation Status

BGC ~ 40% Deep ~ 18%
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Supported by one -off research investments in large -scale pilots

Enabled technological readiness in our suppliers, our deployment
teams and our data system



Where to now?

A The global Argo community has a strong track record of delivery

A Over the past 10 years, we have solved the technical, logistical and data management
challenges involved in operating the new missions that comprise OneArgo

A We can accurately cost it out © 3 x the cost of original Argo ~ $100M/year globally

A The remaining challenge is to secure sustained funding for these crucial new data streams.
We have a short window of time to exploit the momentum already built.

In the next talks we will hear about some of the key applications of the
One Argo data streams




Effects of Argo floats data In
NWP and climate monitoring

Hao Zuo ( Hao.Zuo@ecmwf.int ), Kristian Mogensen,
Eric de Boisseson , Magdalena Alonso Balmaseda,
Philip Browne, Marcin  Chrust , Stephanie Johnson,

Sarah Keeley and Christopher Roberts

ECMWF



ECMWEF coupled forecasting system

A ECMWEF forecasts became coupled for all timescales since

Mean Sea Level Pressure 500 hPa Geopotential Height

Improvement from Ocean coupling Improvementﬂom Ocean couplmg 2018 (CY45R1 HRES) - Include dyﬂamiCa| ocean and sea -ice

-135 -8 —15 0 4‘ o 13
—

components ( Mogensen et al., 2018, Buizza etal., 2018 ).

A Coupling with the ocean improves the weather forecast
scores, with reduced RMSE (blue) in day+5 .
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A Coupling with ocean reduces intensity error in HRES
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ECMWEF Ocean DA system

In -situ data

Argo floats

[Argo 2018]

Argo operational cycle.

Moored buoys

[PMEL 2018]

saildrone , ice-n

n

Mammals!

[MEOP et al. 2015]

Ship based observations

+ other platforms: ALAMO/AXBT
K

[CSIRO 2001]
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Zuo et al.,

2024, ECMWEF NL 180



Effects of Argo data on ocean ReAnalysis

hindcasts and climate monitoring

The removal of Argo data leads to
A increased errors in the sea surface states (SSH and SST)
A degraded performance in ocean heat content monitoring

Anomalies of global ocean heat content
SSH RMS err: Control  ©No Argo (0-700m, in J/m ?)
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Effects of Argo data on coupled forecasts

medium -range forecasts

A The removal of ARGO data degrades the SSTforecasts up to day 10.

A There are small but significant degradation of forecasted atmospheric fields . Impact of
removing Argo data is comparable to atmospheric model changes in a typical ECMWF IFS
Cycle upgrade .

Atmospheric forecasts errors: Control o No Argo
oo | | | | | | I | N ENT ]EC S n.hem s.hem tropics arctic antarctic
0Argo fc 3¢ n.nem ropics |  arctc
SST forecasts errors NCNTL an B 7 7 e e
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s A 2m temperature (2t)
075 | i A mean sea level pressure (msl
o) - A temperature (t)
g 50 A geopotential height (z)
% 07T — A significant wave height $wh)
& R A vector wind (w)
" oes| 0 A 10m wind speed (10ff)
1t - ﬁ Degradation
0.6 r 250
e 1 Improvement
0.55 ‘ ‘ ! L 1 L ! ! !
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Forecast day



Sea Level Rise and Ocean Warming

William Llovel (William.Llovel@ifremer.fr )

LOPS/CNRS
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Global mean sea level rise since 1993

Latest MSL Measurement

2024-08-02 Acceleration: 0.11 = 0.05 mm/yr?
12

10

Mean Sea Level [cm]

+ 2.1 mml/yr + 4.3 mml/yr

1992 1996 2000 2004 2008 2012 2016 2020 2024
© CNES/LEGOS/CLS, 2024

TOPEX/Poseidon (1992-2006)
Jason 1 (2001-2013)
Jason 2 (2008-2019)

Jason 3 (2016- € )
S6-MF/Jason-CS (2020-¢ )

Linear trend (1993 -2024) : 3.3+ 0.4 mm/yr




Global mean sea level rise since 1993
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Satellite Altimetry
Thermo
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Argo network

Global Mean Sea Level (mm)

| | | |
2006 2008 2010 2012 2014 2016 2018 2020 2022 2024

-10

Time (yr)

2005 -2022 : S . -

Argo National contributions - 3858 operational floats May 2023

-> Global mean sea level rise 4.1 mm/yr

AUSTRALIA (301) FINLAND (7) IRELAND (16) NORWAY (48) * UK (140)

- - * BULGARIA(8) FRANCE (298) * ITALY (92) * PERU(1) * USA(2118)
-> Global ocean warming explains 35%
@ CHINA (56) GREECE (5) + NETHERLANDS (38) +« KOREA, REPUBLIC OF (16)

* EUROPE (88) * INDIA(31) + NEW ZEALAND (16) + SPAIN (14)




Maps of regional sea level trends over 2005

Satellite altimetry
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Argo -based thermosteric sea level
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-> Regional variability in
observed sea level trends
-> Steric origin

-> Mainly explained by
temperature



Global Mean Sea Level Budget over 2005

Global Mean Sea Level (mm)
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OneArgo forthe Deep -Ocean

Nathalie Zilberman (  nzilberman@ucsd.edu ) and
Virginie Thierry on behalf of the Deep Argo Mission
Team

Scripps Institution of Oceanography , UCSD
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The deep ocean Is a dynamic environment
climate B K _ .
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The deep ocean carries heat between the northern and
southern hemispheres and among ocean basins, impacting
the upper ocean and influencing ocean interactions with the
atmosphere

Seasonal to interannual fluctuations of wind forcing at the
surface can control deep ocean temperature to near the
seafloor

The deep ocean influences sea level variability
The absorbtion of atmopsheric heat extends to the abyss

The morphology of the seafloor plays a leading role in ocean
circulation, storm surge propagation, ocean mixing , marine
habitats, and tectonic evolution

but despite its instrumental role for | h° s”haakh and

society, only 27% of the deep ocean volume is measured

Deep Argo has the ability to fill this observational gap

@& s K

Impacting ocean heat ,
e s nsnQ

Photo credit: Scripps Institution of
Oceanography
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The contribution of the deep ocean to interannual sea level varies
between abyssal plainsand ocean boundaries

Deep ocean contribution to sea level change due to

Ocean bathymetry [m] temperature
EE
g o T 6. — Deep Argo SH at0/5000 doar | 6. — Deep Argo SH at 0/5000 dbar
. (e) — Deep Argo SH at 0/2000 dbar (d) — Deep Argo SH at 0/2000 dbar
| Deep Argo SH at 2000/5000 dbar -o- Deep Argo SH at 2000/5000 dbar
30°N | 4. — Geodetic Product : 4 \ | — Geodetic Product
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Western Abyssal
Republic .- . boundary A , ] s Plain 7 , 7 ]
80°W 75°W 70°W 60°W 55°W\ 2017 2018 2019 2020 2021 2022 2017 2018 2019 2020 2021 2022

0 Deep ocean contribution to interannual sea level variability is 7 times larger at the western
boundary than over the abyssal plain

o Full depth Deep Argo profiles are complementary to satellite measurements and improve our

understanding of regional sea level budgets
Zilberman et al., 2025



Ocean warming extends tothe seafloor

2000 -4000 dbar 7

b | 0 The deepest waters of the ocean have
., T warmed from the mid  -1980s to the
sofe A ofl : mid -2010s

o Deep warming follows deep western
1 5 boundary currents and decreases with
e R > distance from deep water formation
regions located at high latitudes

o Deep Argo has reduced uncertainties
in deep ocean warming trends by 50%

o Deep ocean warming is predicted to
accelerate in the future

Johnson and Purkey, 2024



Deep Argo is a new ocean bathymetry data source in GEBCO grid

Locations of soundings and Deep Argo Differences in ocean bathymetry before and
measurements in GEBCO_2024 bathymetry after integrating Deep Argo
Seafloor depth [m] Difference in seafloor depth [m]
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o Nominal horizontal uncertainty of ocean bathymetry from Deep Argo, < 1.5 km, is 3 times
larger than echo sounders but 10 times lower than satellite altimetry

Vertical accuracy (4 m at 6000 m) is higher than echo sounders (12 m at 6000 m)

o Deep Argo generates 50 -200 -m range improvement in the GEBCO grid

o

Zilberman et al., 2025



New applications will increase the interdisciplinary

value of Deep Argo

26% of Deep Argo floats are measuring

oxygen to 4000 m depth . Oxygen sensor
integration on 6000 -m float models is under
development to resolve deep ocean
deoxygenation

Future plans include testing of optical
scattering sensors on Deep Argo floats to

study sediment transport

Although the need to implement Deep Argo
IS recognized at the international level, only
18% of the global Deep Argo array Is
implemented  with no long -term sustained
funding

0 Significant additional

needed

support is urgently

@ US.(121) ® EU(@4)
O France(32) @ Japan(9)

o
60°N 222 active floats|
< <

© China(30)
® Australia (4)

O Norway (3)
® UK.(3)

® ltaly (3)
® Canada(12)

@ Spain (1)

60°E

120°E 180° 120°W 60°W 0°

OceanOPS



Ocean Carbon and MCDR ©
Contribution of  OneArgo

Philip Boyd ( Philip.Boyd@utas.edu.au )

IMAS/UTAS

SfLTT B bR L LT s K™ T de
counterbalance hard  -to -abate residual emissions is
unavoidable if net zero CO , or GHG emissions are to be

sh™ "~ g " flfffl=> © ' _ IPCOWG3ARE2023h ° q



mailto:Philip.Boyd@utas.edu.au

A wide range of marine CDR methods have been proposed
o involving ocean physics, chemistry, biology and/or ecology

Marine Cloud Brightening
L]
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=
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Addition

Direct Injection

Crop Wastes onto Seabed
Deposited on Seabed

Prior to upscaling, each candidate MCDR method must demonstrated to be
SAFE, DURABLE and VERIFIABLE




A wide range of marine CDR methods have been proposed
o involving ocean physics, chemistry, biology and/or ecology
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Prior to upscaling, each candidate MCDR method must demonstrated to be
SAFE, DURABLE and VERIFIABLE




The needs of a Monitoring Reporting and Verification system

Third -party independent verification.

Marine Cloud Brightening

A versatile observational system ® ocean physics, chemistry, biology IO
& ecology.

Direct Injection
into Seabed

- —o- Atmospheric CO, (ppmv) o
375] == Seawater pCO, (patm) [ess
- Seawater pH +8.28
Additionality of CDR  orelative to a baseline or . - Dt R L
T " h " sK, Ne ® " TR

T T T T T T T
1940 1950 1960 1970 1980 1990 2000 2010

Year

A system that can operate across many scales ofrom
10- >10,000 km length scale (i.e., pilot study to deployment).




The needs of a Monitoring Reporting and Verification system

REPORTING and
VERIFICATION

e Detection/

Determination of
side-effects

® Data and models:
biogeochemical state of the
MCDR and control regions

Detection - To quantify the amount of carbon sequestered as Dissolved Inorganic Carbon (DIC).
Attribution - To assign the detected carbon sequestration solely to a particular MCDR deployment.

Side Effects - To identify and quantify ecological & environmental impacts of the MCDR oso-called eMRV .



The solution - Adapt current observing networks - Extend ARGO

&

_ _ DETECTION PROFILING FLOAT
ARGO is global, open access and interoperable. CERE—

DETERMINATION
OF SIDE-EFFECTS |

.—- CTD®

Hyperspectral
downwelling  ©
irradiance

ARGO is versatile with sensor constellations to provide
Detection, Attribution and eMRV .

New and improved sensor development is ongoing.
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ARGO has the flexibility to cover all scales from
ensemble release of floats to basin scale coverage.

Boyd et al. (2023)
https://www.nature.com/articles/d41586 -023-02649 -8 Boyd et al. (2023)

https://doi.org/10.5670/oceanog.2023.s1.2
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Argo and Ocean Prediction

A schematic view of an ocean prediction system
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IN SITU
observations
Observations have multiple use in Ocean
Prediction:

A Initialization of the model,

A assimilation to constrain the model
forecast,

A evaluation of the quality of the model and
the distributed ocean analysis and
forecasts, ...
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