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The NAOS Equipex project
PREPARING NEW CHALLENGES FOR ARGO

NAOS Equipex float coverage

To consolidate France’s 
contribution to Argo’s core 
mission: temperature and 
salinity measurements down  
to a depth of 2 000 m.
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II

To develop the future generation 
of French Argo profiling floats: 
higher-performance, “smarter,” 
with a capacity to integrate 
biogeochemical sensors, reach 
greater depths (4 000 m) and 
observe polar regions.
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To prepare the next stage of the 
Argo program with an extension 
to the deep sea (Deep-Argo), to 
biogeochemistry (BioGeoChemical-
Argo) and to the polar seas. Three 
pilot experiments were carried out:

   floats with biogeochemical 
sensors in the Mediterranean Sea,

   floats with biogeochemical 
sensors in the Arctic Ocean, 

   deep-sea floats with oxygen 
sensors in the North Atlantic.
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WP1
Consolidation of France’s 

contribution to Argo
Led by Ifremer

2012 > 2019
WP2
Development 
of the new 
generation  
of Argo floats
Led by Ifremer

2011 > 2016: 
technological 
developments 
and at-sea tests

WP3
Floats with 
biogeochemical sensors 
in the Mediterranean
Led by UPMC/LOV

2012: launch of scientific 
experiments

WP4
Floats with biogeochemical 

sensors in the Arctic
Led by Takuvik (CNRS/Université Laval)

2015/2016: launch of 
scientific experiments

WP5
Deep-sea floats with 

oxygen sensors in 
the North Atlantic

Led by IUEM/LPO

2015 > 2016: 
launch of scientific 

experiments 2011 2020

5
workpackages

The Argo cycle of a profiling float typically lasts 10 days, and consists of 5 stages: (i) descent, (ii) 
drifting at depth over 9 days, (iii) descent to the profiling depth (2,000 m for Argo or BGC-Argo, 
4,000 to 6,000 m for Deep-Argo), (iv) profiling along the ascent, during which scientific data are 
acquired, and (v) satellite transmission. © Euro-Argo

4 000
profiling floats
make up an international 
network that measures 
temperature and salinity  
in every sea on the planet, 
down to a depth of 2 000 m.

Ifremer 
site
Brest

Argo-France is included 
in the French Ministry 
of Research’s national 
roadmap on very large-
scale research facilities 
(TGIR). On a regional 
scale, Argo-France is 
supported by the IUEM 
and Villefranche-sur-Mer 
Observatories (IUEM and 
OOV OSU).

Argo cycle 
Argo has revolutionized ocean observation by permitting 
worldwide monitoring, in quasi-real time, of both the ocean 
surface and its depths.

Argo is a crucial component of the global ocean and 
climate observation system. Argo provides essential data:

To detect climate 
variability on 
seasonal and 
decadal scales, 
and for long-term 
observation of 
climate-change 
and its impacts 
on the oceans.

For sensor 
calibration 
and the 
validation of 
satellite data.

To constrain 
ocean analysis 
and forecasting 
models, to initialize 
ocean-atmosphere 
models for seasonal 
and decadal 
forecasts, and to 
validate climate 
models.

The international 
Argo network
AN OCEANOGRAPHIC REVOLUTION

12 European 
countries
in 2020

Thanks to a public/private partnership between Ifremer 
and the SME nke Instrumentation, France is a European 
leader in the development of Argo floats (Provor and 
Arvor floats).

The international Argo Information Center (AIC), part of 
the JCOMMOPS structure, is also hosted by Ifremer.

France coordinates  
the European research 
infrastructure Euro-Argo, 
a long-term European legal 
structure and organization 
(Euro-Argo ERIC).

France has played an important role in the Argo program 
ever since its launch at the end of the 1990s. France 
accounts for nearly 10 % of the international effort.  
Ifremer through the Coriolis data center coordinates one 
of Argo’s two Global Data Assembly Centers as well as 
a Data Assembly Center (DAC) for data from France and 
several other European countries. 

Oversees and 
federates European 
contributions to Argo.

France’s contribution to 
Argo (Argo-France) is 

organized through the 
Coriolis partnership which 
draws together the major 

French institutions involved 
in ocean observation.

Objectives

To understand and predict climatic 
and oceanic evolutions
maintaining the Argo network in the coming 
decades and ensuring its evolution are vital.

Satellite 
telecommunication

Argo floats 
industrialization 
and marketing

Sponsors Scientific partners

Industrial partners

NAOS 
was selected to participate  
in the French government s Equipex 
 Investissement d avenir  

program

Novel Argo Ocean 
Observing System

Investing in 
the Future



The technological 
developments carried out 
as part of the NAOS project 
meet the need to consolidate 
France’s contribution to Argo, 
and to develop extensions  
for Deep-Argo and BGC(bio-
geo-chemistry)-Argo.

New  generation 
of French Argo 
floats

Deployment of a Deep-Arvor float. 
© Kevin Balem / LOPS

4 000 m
depth

88 
of the ocean’s 
volume monitored

Deep  Arvor 
profiling Float
In 50 years, the ocean has 
absorbed over 90 % of 
excess heat accumulating 
on Earth due to human 
activities, causing heating of 
the global ocean that extends 
far below a depth of 2 000 m.

To track this signal of climate 
change in the ocean depths, 
the NAOS project developed 
the Deep-Arvor profiling float.

The ProVal is an example of  
a float designed in partnership 
with the CNES (French Space 
Agency) to carry out in-situ 
radiometric measurements  
in order to validate satellite 
“ocean color” products.

Deployment of a Pro-Ice (equipped with BGC sensors) 
in Baffin Bay (BB2 site, July 2017, from the Amundsen, 
AN1702 mission). © Claudie Marec

Arvor launch. © Hanna Leniec-Koper

96 
of Arvor floats are still 
active after 1 000 days 
at sea, compared  
to 76 % in the past.

Arvor profiling Float
The NAOS project has opened the way  
for unprecedented work on upgrading  
and increasing the reliability of the Arvor 
float produced by nke Instrumentation.

The world s 
most deployed 
float in 2018 and 2019

ProVal float during the Sagitta 2017 mission. 
© Edouard Leymarie / LOV

Under  ice profiling Floats 
Polar regions play a key role in 
climate regulation, but observing 
them is a complex challenge.

The NAOS project has enabled 
numerous experiments in these 
regions, thanks to an Ice-Sensing 
Algorithm (ISA), embedded in the 
Provor CTS5-Payload and validated 
in the course of several deployments 
in Baffin Bay (Arctic). This algorithm 
now equips Arvor and Deep-Arvor 
profiling floats.

Pro-Ice float during the 2016 Green Edge campaign. 
© Pascal Bourgain

French BGC profiling Float
Provor BGC profiling floats integrate  
a growing number of biogeochemical 
sensors, which require a flexible 
hardware and software architecture.

The Provor CTS5-Payload was developed 
with this need in mind and comprises: 

   an electronic board dedicated to 
managing the float’s movement,

   a Payload board dedicated  
to managing the sensors.
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NOSS sensor. © nke Instrumentation

Validation of Deep-Arvor float tubes 
in a hyperbaric chamber. © Olivier 
Dugornay / Ifremer

NOSS sensor 
Classic CTD (conductivity, 
temperature, depth) 
measurements fail to take  
into account the influence  
of non-ionic compounds  
in seawater. 

The NOSS sensor measures 
absolute salinity, thanks 
to a refractometric 
measurement technique.
The NAOS project has led to:

   the sensor’s miniaturisation 
and increased reliability,

   its integration into the 
Provor float for testing  
at sea over numerous 
profiles at 2 000 m.

Testing means
Each profiling-float prototype undergoes a validation 
procedure to check the sound functioning of all its 
subassemblies (sensors, hydraulic, transmissions, 
electronics, etc.). Of particular note are: 

   an elaborate validation procedure for embedded 
software on a laboratory test bench,

   hyperbaric-chamber tests for the main 
subassemblies, then the complete profiling float.

During the production stage, each individual  
float is trialed in the test pool at Ifremer  
before being launched at sea.



   Floats with
biogeochemical
           sensors

IN THE MEDITERRANEAN

26 NAOS 
BGC Argo Floats

Objective 
To demonstrate the feasibility of a network of 
BGC-Argo floats on the scale of an ocean basin, 
and its capacity to increase our knowledge about 
the ocean’s physico-biogeochemical interactions. 

With the exception of a thin surface layer observed 
by satellite, oceanic biogeochemistry is drastically 
under-sampled, and remains, as a result, poorly 
understood. And yet, the risks that societies face due 
to climate-change impacts on marine ecosystems 
raise an alert for emergency action:

At the outset of NAOS, the PROVBIO platform (developed 
by Ifremer and industrialized by nke Instrumentation  
as part of the ERC remOcean project) demonstrated  
its capacities over a number of deployments carried  
out in different and contrasting oceanic regions. 

In 2010, there was still no pluriannual observation 
system based on BGC-Argo floats on the scale  
of an ocean basin.

In 2010, the international community recommended that a 
pilot experiment of this type be carried out as a necessary 
step before the implementation of a truly global network.

The Mediterranean Sea stood 
out as an ideal candidate for the 
implementation of this pilot network. 
As a small-scale ocean basin, the 
Mediterranean is characterized by 
several important processes such as:

   the formation of deep and 
intermediate waters,

   the existence of the three active 
thermohaline circulation cells.

The Mediterranean Sea  a pilot region 
Situated within a relatively limited latitudinal band,  
the Mediterranean comprises immensely varied  
trophic regimes, ranging from extreme oligotrophy  
in its easternmost region to the seasonality typical  
of temperate zones in the basin’s northwest sector.

This range of seasonal variations, 
summed up by Mediterranean 
biogeographical data derived from  
20 years of satellite observations, 
helped to steer the deployment  
and sampling strategy used for

Improving our 
observational capacities
to identify the key processes that 
control the dynamics of the oceanic 
biosphere.

Evolution of the concentration of nitrates obtained from NAOS BGC floats.

Evolution of the concentration of chlorophyll obtained from NAOS BGC floats.

Usage
Exploitation of the data gathered (and made freely 
accessibly in accordance with the Argo policy) is already 
underway, namely through lively interaction with the 
scientific community involved in INSU’s “MISTRALS” 
program and its biogeochemical component “MERMEX”.

Positions of BGC-Argo profiles from the NAOS network in the Mediterranean.

Long-term monitoring yielding time 
series of nitrates and chlorophyll-a 
profiles in the northwestern 
Mediterranean.

Over 4 000
profiles obtained
from throughout the basin 
at the start of 2020

5 floats 
still active

Over 30
publications
2010 > 2020

Not only has the NAOS WP3 
demonstrated the feasibility of a 
BGC-Argo network on a basin scale, 
it has also made a strong contribution 
to understanding of the physico-
biogeochemical processes 
that control Mediterranean 
ecosystems.

Over 65 % of the 
floats deployed have 
notched up more than 

250 days 
of at  sea 
operation
with a success rate 
comparable to that  
of Argo’s “Core” floats.

6 floats 
retrieved
then successively 
redeployed

NAOS floats have contributed to experimental 
studies in the DEWEX, PEACETIME and PERLE 
campaigns. They were also instrumental  
in one of the earliest projects to integrate 
BGC-Argo floats in an operational 
physico-biogeochemical model.

Retrieval and redeployment

Chlorophyll and nitrate  
in the northwestern Mediterranean

constant observation 
of the basin over 
approximately 8 years

NAOS WP3 :

of floats 
redeployed

3 waves of deployment 
one wave roughly every 3 years (2012-2013, 2015, 2018)

Deployment Recovered ActiveProfils

Dead



Floats with 
biogeochemical 
sensors
IN THE ARCTIC OCEAN

Arctic: Baffin Bay pilot-study zone. © IBCAO

Over 57 
of pan  Arctic 
primary production
is due to the diminution  
of summer ice-cover in the Arctic 
Ocean in the last two decades.

One important element of primary 
production in the Arctic Ocean is 
the phytoplankton spring bloom 
which develops at the edge of ice, 
both under sea ice and in ice-free 
water: growth that represents a 
large proportion of yearly primary 
production.

Study of the dynamics of spring blooms 
requires the availability of year-round high-
frequency time series on phytoplankton 
phenology and growth factors.

The Arctic  a pilot  
project region for NAOS
Climate change has triggered 
fundamental modifications  
to marine biotopes in the Arctic 
Ocean. For this reason, this site 
was selected for a pilot study.

BGC-Argo floats constitute a tool 
that supplements remote sensing 
and oceanographic missions  
in this pilot-project.

Deployment 
of a Pro-Ice float. 
© P. Bourgain

These unprecedented data have offered 
the means to analyze full annual cycles 
of phytoplankton biomass, hydrography, 
light availability and sea-ice coverage to 
decipher the environmental factors 
that influence the onset of spring blooms.
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Concentrations obtained by under-ice BGC profiling floats.
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Nitrate and oxygen in Baffin Bay

Between 2016 and mid-2020 in Baffin Bay.
Pro  Ice trajectories

Pro-Ice cycle. ©  J. Sansoulet
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New  generation BGC Float 
Thanks to NAOS and the development of a new 
generation of BGC floats (Pro-Ice), Takuvik succeeded  
in conducting its study in Baffin Bay from 2016 onwards. 

These float deployments were carried out as a NAOS pilot 
experiment, within the program framework of the Green 
Edge research project: www.greenedgeproject.info

The BGC floats (Pro-Ice), relying on Provor CTS5-Payload 
technology, are equipped with biogeochemical sensors:

   dissolved oxygen,
   nitrate,
   chlorophyll-a fluorescence,
   fluorescence of dissolved organic matter (CDOM),
   suspended particles,
   radiometry.

They have been adapted to navigate in icy zones  
and postpone surfacing for data transmission if they 
detect surface ice.

Growth of French 
involvement  
in the international 
Argo network



   Deep Floats with 
oxygen sensors

IN THE NORTH ATLANTIC

These were mainly deployed in the Subpolar North 
Atlantic Ocean to demonstrate the technical feasibility 
and scientific interest of making measurements at 
depths beyond 2 000 m (Figure 1).

Figure 1
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* NAOS Deep-Arvor floats * Floats from complementary projects

23 Deep  Arvor Floats
acquired by the NAOS project

The Subpolar North Atlantic 
Ocean is a region where surface 
waters coming from the south 
densify and plunge down to great 
depths. As these surface-water 
masses have had contact with the 
atmosphere, they transport traces 
of the recent climate, and by 
plunging, contribute to the deep 
ocean’s sequestration of climate 
signals (such as excess heat or CO2 
due to human activities).

Objective   
To understand 
how climate signals 
penetrate and travel 
through the ocean

Objective   
To launch a Deep-
Argo network  
in this basin

Thanks to data from NAOS Deep-Arvor floats, scientists participating in the NAOS project also observed the 
mixing of a young water mass, recently formed near Iceland and circulating at 2,750 m in a deep 
channel, with an older water mass as a result of particularly energetic surface currents at this location.

On the strength of the success of the NAOS 
project and other pilot experiments carried out 
in other oceanic regions (such as the southwest 
Pacific), the Argo program is expanding to 
incorporate a long-term Deep-Argo component, 
with the aim of:

Figure 3: Temperature, salinity and dissolved-oxygen concentration data 
along the trajectory of Deep-Arvor float 6901758.
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Figure 2a. Map of deep mean currents (Daniault et al. 2016).

To obtain these results, they relied on data on the 
dissolved oxygen concentration data acquired by 
Deep-Arvor floats (Figure 3). From these data, it was 
possible to deduce the relative age of a water mass 
corresponding to the time elapsed since the water  
mass’s last contact with the atmosphere. In this way, 
the younger a water mass, the higher its oxygen 
concentration, and vice versa.

maintaining 
in operation

1 250 
deep floats
uniformly spread out 
throughout the oceans.

Following on from 
the NAOS project, 
France has committed 
to contributing 
to the Deep-Argo 
network and its 
implementation.

   the spread of climatic 
anomalies in the ocean.

   the sea level rise due to 
the ocean’s expansion as a 
consequence of warming,

   their role in the storage of 
excess heat accumulating 
on Earth as a result of 
human activities,

Such information is crucial for
improving climate  
projection models

The deep ocean  an unknown realm 
Due to a limited number of observation data, the ocean depths below  
2 000 m remain largely unknown to date. It is nevertheless necessary  
to quantify the mean currents and mean properties of deep water masses  
as well as their variabilities in order to assess:

Discovery of new routes
Surprisingly, the floats, deployed in a fracture zone of the Mid-Atlantic Ridge near 50°N latitude, did not follow 
the northward trajectory of the dominant currents. One of them even revealed the existence of a new deep 
route towards the south which had never been observed directly until now (Figure 2).

French Floats in the North Atlantic

Figure 2b. Trajectory of float 6901758 deployed 
in the Charlie Gibbs Fracture zone.
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Socio   economic impacts

Today  over

24 000
subscribers
to the Marine Service 
of the European 
Union Copernicus 
program can take 
advantage of high 
quality global 
ocean analyses and 
forecasts thanks 
to the real-time 
observations of Argo 
and NAOS.

French 
contribution
TO THE GLOBAL ARGO MISSION

Standard CTD floats purchased in the framework of 
the NAOS project have boosted a rise in France’s 
contribution to Argo from 65 to 80 floats per year. 

France now represents 1/4 of the European effort  
and 10 % of the global effort during the period  
between 2012 and 2017.

The last NAOS WP1 Arvor, #6902727, just prior to its 
deployment in Baffin Bay – July 2019 © Claudie Marec

One of the first NAOS Arvor floats ready 
for a second life after being retrieved and 
reconditioned – July 2020 © Boris Hermann

1 3
of NAOS 
floats
still active  
in 2020

+ Improved and 
adaptive sampling

+ Longer 
time series

NAOS  new  generation 
Arvor float

 1 
of one million 
Argo observations

101 floats 
launched
between 2012 and 2019

x 6
Merchant 
navy vessels

x 87
Research 
ships

x 8
Yachts

Over 10 000
CTD profiles 
collected
thanks to NAOS floats

Applications of the Copernicus Marine Service:
1 Polar environment monitoring   2 Marine conservation & policies 
3 Science & climate   4 Natural resources & energy   5 Water quality
6 Coastal monitoring   7 Society & education   8 Marine food
9 Marine navigation   10 Safety & disaster

Thanks to NAOS, we received the first user feedback 
on Argos-3 technology very soon after the launch of the 
satellites, allowing us to tune the specifications for the next 
generation of Argos instruments in order to best meet the 
needs of operational oceanography in terms of data collection 
via satellite. For me, NAOS is a genuine booster for French 
science and technology in its field. 

Over 20 
of active Floats
in 2020 were delivered 
by nke Instrumentation.

250
nke Instrumentation 
floats
were deployed in 2019

NAOS has allowed us to improve our floats and 
to provide an operational guarantee to the 
international clients who, as a result, have placed 
their trust in us. The program has also led us 
to develop new functions such as biogeochemical, 
deep-sea and under-ice measurements, and to 
widen our market offer. 

NAOS has had a catalyst effect in strengthening the 
international competitiveness of nke Instrumentation 
and opening up new business opportunities. Indeed, nke 
Instrumentation has become the number 2 industrial 
manufacturer of Argo profilers in terms of the number 
of active floats. This excellent growth corresponds to a 
twofold increase in nke Instrumentation’s market share 
compared with the pre-NAOS period.

CLS, the operator of the Argos system, identified NAOS 
as offering a unique opportunity to test and validate new 
Argos-3 satellite-communication techniques for the 
ocean-instrumentation industry.

NAOS’ usage of Argos-3 technology has helped to fuel:
   definition of the current system’s capacity limits,
   the gathering of feedback from experienced users 

to feed the design of the next-generation Argos 
instrument (Argos-4).

The next French constellation of nano-satellites 
(Kinéis), scheduled to be launched in 2022, fully takes 
into account NAOS feedback.

25
satellites

Optimized 
high  speed link

NAOS  a technology and economy booster

Jean-Claude 
Le Bleis
 CEO of nke Instrumentation

Yann Bernard
Director, Environment and 
Climate CLS

10% of observations by Argo-France 1% of observations by NAOS floats

Cartography of Argo observations over the period 2012-2019 (1 million profiles)

French contribution on a global scale

Over 400
French 
contributions
to Argo publications

Number of NAOS Floats deployed

Expanded mission 
capacities

Bi-directional Iridium 
communications Ice detection

180
Argos 
cycles
5 years

250
Iridium 
cycles
7 years

© Mercator Ocean 
International

Benefits that far outweigh costs
Given Argo’s key importance for climate change 
research plus its role in and influence on climate 
forecasts, the socio-economic impacts generated  
by Argo and NAOS are very significant in the long  
term. These also include the wide range of ocean 
services offered by operational oceanography:

  maritime transport,
  maritime security,
  fishing management,
  monitoring and forecasting of accidental pollution,
   …
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