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A Global Design 

Towards spatial completeness 

• Same mission – tracking the slow manifold  - more spatially complete and better signal to noise 

• Double sampling in WBCs and equatorial regions 

• Marginal Seas: enhanced sampling  - determined by regional partnerships 

Seasonal Ice zone: x1  Target: = 360 Floats south of 60 S, ~ 80 floats in the Weddell Gyre 



Status of Polar  Argo 
Southern Ocean Floats 
 

Deployments 

 

484 floats 

deployed 

since 2002 

159 

active 

# Active 

floats 

at 45% of 

design goal 

(360) 



ARGO: 

CTD: 

Total profiles = > 330,000 

 

Summer = 170,000 

 

Winter = 160,000 

 

Under ice = ~ 10,000 

Total profiles =  37,000 

 

Summer = 28,000 

 

Winter =  9,000 

Southern Ocean 

Observations 

< 40 °S 



ARGO < 60˚S 

     CTD < 60˚S 

Total profiles = ~ 47,000 

 

Summer = 26,000 

 

Winter = 21,000 

Total profiles =  ~ 14,000 

  

Summer = 11,000 

 

Winter = 3,000 
              

7 x winter data from Argo 



WINTER 
 

21,000 profiles  (45%) 
 

Under ice = 7,000 (31%) 
 

Open water 14,000 = (69%) 
 

SUMMER 
 

26,000 profiles  (55%) 
 

Under ice = 3,000 (12%) 
 

Open water = 23,000  (88%) 
 

ARGO < 60˚S  2000 - 2017 

20 % of profiles < 60 ˚S are under ice 



• Goal is to understand the 

carbon cycling in the 

Southern Ocean 

 

• NSF funded 

 

• 6 years from 2014 

 

• 76 active floats from an 

initial target of 200 floats  

 

• ~ 35 floats deployed per 

year for 5 years 

 

• ~ 50% will end up under 

ice 

 

• Floats must have 2 out of 

3 (dissolved oxygen, 

nitrate and pH 

 

SOCCOM – Southern Ocean BGC 



      Weddell Gyre 

Courtesy: Olaf Boebel 

• Preparing call for bids for new under-ice floats to be deployed 18/19 

• Upgrading/debugging ARTOA software package for tracking of RAFOS floats 

Active Floats in Weddell Gyre (18):  

• 7 NEMO floats (Non RAFOS) deployed in 

2012/13, resurfaced in 2016/17  

• 11 NEMOS (RAFOS) deployed 16/17 

Sound Sources (200 nm range): 

11 Active 

• 9 deployed in 16/17 Polarstern PS103, maintenance 

planned 18/19 (except southernmost W15 and W16) 

• 2 deployed in 13/14 (state unknown), maintenance 

planned 17/18 

• Sources W1, W2, W3 suspended  

• Focus shifting towards the interior Weddell Sea  
 



RAFOS tracked floats   

Courtesy: Olaf Boebel 

RAFOS array - subsurface tracking 

• Olaf Boebel has a new PhD 

student, Krissy Reeve  

 

• Krissy will DMQC the AWI 

RAFOS Weddell float data and 

investigate the circulation in the 

Weddell from these floats 

 

• She is also investigating a 

simple f/H algorithm to help 

estimate the float path 

 

• Paper in prep on f/H algorithm 

and Weddell data 

 



 

Under-ice positioning for non-RAFOS floats 

Courtesy: Paul Chamberlain 

 

•   Paul Chamberlain (PhD student working with Lynne Talley) 

•   Working on data from Kevin Speer/Steve Riser floats in the Weddell Gyre 

•   21 RAFOS-tracked Weddell floats using a Kalman smoothing technique. 

 

Two papers in prep: 

 1). correlation scales in the Weddell Sea, Argos tracking when continuous 

10 day and SOSE particle tracking to estimate uncertainty in location and T,S 

when under ice 

 2). Acoustic tracking of the Riser/Speer Weddell floats using a Kalman 

smoothing algorithm developed with Bruce Cornuelle 



Continental shelf ice float pilot: Mertz/Totten 

Glaciers 

• Estimate sea ice production, heat content, 

heat flux… 

• 5 day resolution over winter for 2 years 

• Developing algorithm to estimate position 

constrained by topography (as floats ground 

between profiles, current direction and 

velocity, icebergs from satellites) 



WAPITI pilot 

Aims: Slope current experiment + CDW inflow onto the continental shelf 

• Deploy ~10 floats (RAFOS) 

• Develop a new bottom-tracking float to follow AABW plumes off the shelf 

  http://wapiti-project.com/ project led by JB Sallée; Paris  Courtesy: Jean-Baptiste Sallée  

• A 5 year project funded by European Research Council to 

investigate Weddell Sea circulation and dynamics 

Extend the sound 

source network toward 

the continental shelf  



Circumpolar entrainment of heat in W m-2  

Evolution of mixed layer depth in the Southern Ocean Pellichero, V. et al. 2016. The ocean mixed layer 

under Southern Ocean sea-ice: Seasonal cycle 

and forcing JGR, 122, 

doi:10.1002/2016JC011970. 

Southern Ocean Mixed Layer Seasonal Cycles 



Status of Polar Argo 

Arctic Ocean 
 

Deployments 

 

270 floats 

deployed 

since 2001 

67 active 

# Active 

floats 



Target numbers for deployment: 
 

Nordic Seas: 

• Target: 39 active floats 

• 10 in boundary current, 29 in four deep basins 

•   plan 9-10 deployments in deep basins 

•   5 deployments in boundary current 

•  Deployments from European national plans and EU contributions 

 

Arctic ocean: 

• seasonal ice-free areas in Chukchi, East Siberia, Laptev, Kara and Barents Seas 

• cooperation with NAOS for Baffin Bay 

• IAOOS in the Central Arctic 

• Beaufort Gyre will be targeted by WHOI within SODA 

• Barents Sea could be first target for trials within ERIC, but EEZ issues 

 

 Southern Ocean: focus on Weddell Gyre 

• Target is 80 active floats in Weddell Gyre 

• 25 deployments per year 

• SOCCOM – circumpolar coverage 

Euro-Argo ERIC: European Goals 



Baffin Bay 

BIO-ARGO floats in Arctic Ocean: PRO-ICE 

Why Baffin Bay? 

• Ice edge blooms systematically 

observed. 

• Remote sensing observations show 

spring blooms now occur 50 days 

earlier than in 1997. 

Goal: To understand ice-edge bloom dynamics and drivers 

 

   Physical mechanisms responsible for nutrient inputs 

   Sunlight propagation (ice floe and water column) 

 Ice blooms dynamics 

   Response of phytoplankton species 

 

Courtesy: Marcel Babin, Claudie Marec 

How? PRO-ICE  
• CTD 

• O2 

• SUNA (nitrates) 

• OCR 504 ( Ed 3 wave-

lengths: 380, 410, 

490nm) + PAR (400-

700nm) 

• FLBBCD (chl a, 

CDOM, backscattering) 

• Ice detection (up-

looking altimeter and 

ISA) 

• Soon: optical ice-

detector 



Baffin Bay 
BIO-ARGO floats in Arctic Ocean: PRO-ICE 

Deployment schedule:  
Autumn 2015:   2 floats deployed, 1 lost 

Summer 2016:   4 deployed 

Summer 2017:   7 deployments planned 

Summer 2018:   6 deployments planned 

Ice Breaker Amundsen 

Courtesy: Marcel Babin, Claudie Marec Testing a BioFloat at Qikiqtarjuaq, Nunavut 

Target: 
19 PRO-ICE floats 

• 10 funded by NAOS (France) 

• 9 funded by the FCI (Canada) 



Baffin Bay 
BIO-ARGO floats in Arctic Ocean: PRO-ICE 

Courtesy: Marcel Babin, Claudie Marec 

• Active ice sensing algorithm is being tested. 
 

• Upward-looking altimeter to detect ice-conditions. 
 

• One float equipped with an optical ice detector. 
 

• Optical ice detection relies on the light depolarizing 

properties of sea ice. 
 

• Enables discrimination between different layers of ice. 
 

•   Ice detection system: linearly polarized source  (500 mW 

@  532 nm) + Optical detector (polarizing beamsplitter) 
 

•  Optical detector: Two amplified photodiodes receive the 

vertical (Ep) and horizontal (Es) components separated by 

the polarizing beamsplitter. 
 

• ratio Es/Ep indicates presence or absence of sea ice at the 

surface. 
 

• Ice-sensing algorithm will be refined based on results.  
 



 IAOOS  (Ice Atmosphere Ocean Observing System) 

http://www.iaoos-equipex.upmc.fr/ 

 ANR-10-

EQPX-32-01  

April 2014: 

 complete platform deployed at the North Pole 

 

• 9 year project (2011- 2020) to maintain 15 stations in Arctic ocean over 5 

years (2015-2019) 

Aims: collect near real time observations of atmosphere, snow, sea ice and ocean 
 

• Prototype testing 2012 - 2014 (spring, summer, autumn) 

• Winter testing, Jan 2015 

• First array deployed in late summer 2015 

• Further deployments in 2016, 2017, 2018… 

• 6 deployments per year 

Courtesy: Christine Provost 

 

• Vertical 

profiler 

• Ice mass 

balance 

sensors 

• temp and 

press (atm) 

• Micro lidars 

(atm) 

• Optical depth 

sensors 

http://www.iaoos-equipex.upmc.fr/ 



Courtesy: Christine Provost 

ITP trajectories and drift velocities 
 
IAOOS Buoy 19 - Barents shelf IAOOS Buoy Drift Map (9 deployed) 



SODA (Stratified Ocean Dynamics in the Arctic)   

• SODA started in 2016 

• WHOI plan to put 20 ALAMO floats in 

the Beaufort gyre.   

• Improvements for a better Arctic float 

have made progress (ice strengthened 

antenna, more robust ice detection 

algorithm).  

• WHOI has successfully deployed  4 

floats last summer (joint project with 

Kevin Woods at NOAA/PMEL). 

 

http://www.apl.washington.edu/project/project.php?id=soda 

Objectives: 

• Understanding how the upper Beaufort Sea 

responds to changes in inflow and surface 

forcing (buoyancy, momentum, and heat). 



SODA (Stratified Ocean Dynamics in the Arctic)   

Example measurements: float 9058 

• deployed in shallow water < 50m initially 

• worked in an ice pack for some time 

• operated for 147 cycles 

• monitored the multi-layer structure of temperature field in the Arctic over the shelf and 

shelf break.  

http://argo.whoi.edu/alamo/9058/index.html 



Future outlook  

Summary: 

• Ice float capability is proven 

• Lifetimes of 3-6 years – comparable to regular Argo 

• Retention in deployment regions south of 60°S is high 

• Cost is the same as a regular float – ISA algorithm is free (RAFOS more 

expensive + maintain sound source array) 
 

If we had a full strength Under-Ice Argo array – what could we expect to know 

after 10 years? 

– Circumpolar seasonal climatology 

– 1 dimensional budgets of heat content/flux, sea ice production 

– Better constraints on air-sea flux estimates 

– Observations of cross-slope/shelf exchange of warm water onto the 

continental shelves 

– Year round observations to constrain and validate models 
 

 

 



• Currently, APEX and NAVIS floats do not have an ice-float version available to 

buy (switch to APF11, development of next generation controller for NAVIS) 

 

• Likely increased failure rate of floats in heavy ice, require higher frequency of 

deployments to maintain array 

 

• Limited deployment opportunities, better coordination, explore IAATO?  

 

• Progress is being made on improving position estimation (4 papers in prep) 

 

• Metadata improvements to improve data collection related to under-ice 

positioning 

 

• Deployments are declining, may lead to degradation of array in future, Southern 

Ocean particularly at risk (currently at 45%) 

 

• Encourage deployments (outside regions of direct national interest) to help 

maintain the global array and address gaps 

Issues: 



Polar Argo Community is active, engaged and many new activities coming up! 
 

Arctic Ocean: 
• Marcel Babin (PRO_ICE floats, Baffin Bay) 

• Ilona Goszczko (Nordic Seas+ north of Fram Strait) 

• Steve Jayne (SODA, ALAMO floats) 

• Katrin Latarius (Nordic Seas) 

• Edouard Leymarie (Baffin Bay) 

• Breck Owens (Ice Tethered floats) 

• Christine Provost (IAOOS, ice-tethered profilers) 
 

Southern Ocean: 
• SOCCOM (Lynne Talley and many others…) 

• WAPITI (Weddell Gyre, Jean-Baptiste Sallée 

• Ice float pilots (Steve Riser, 2 Ross Sea shelf floats deployed (SOCCOM), Mertz/Totten shelf floats Steve Rintoul, 

Esmee) 

• RAFOS floats: Weddell Gyre (Olaf Boebel, Krissy Reeve, Birgit Klein) 

• SOARC reinvigorated by Mat Donnelly (BODC), (Birgit, Esmee, Krissy) 

• Under-ice positioning (Paul Chamberlain 2 papers in prep, Krissy Reeve, 1 paper in prep, van Wijk and Wallace, 1 

paper in prep). 

• Kevin Speer (Dimes project) 

• POGO Working Group OASIIS (Meeting in Bremerhaven, June 2017) Workshop on Sustained Under-Ice 

Observing System (Esmee, Richard Coleman, co-leads), successful POGO grant 

People involved  


