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WBCs are biological pump hot-spots..

Sinking POC export at 100m (Siegel et al. 2004)
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Eddy-driven POC export at 100m

Sinking POC export at 100m (Siegel et al. 2004)
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..and regions of 
enhanced “Eddy-

driven Subduction” 

= meso- and 
submesoscale 

processes that mix 
POC along tilted 

isopycnals

WBCs are biological pump hot-spots..
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A Lagrangian ML float (colored track) and 4 float-following Seagliders (black 
lines) were entrained in an anticyclone. Black dots are ship-based CTD profiles.  

  

The North Atlantic Bloom experiment motivated this 
parameterization
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 Many Seaglider profiles and CTD casts had subsurface features in 
optical/BGC properties. ~800 were individually examined for evidence 
of local, lateral subduction.

10% of profiles had evidence 
of local subduction.
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Optical spikes (a proxy 
for aggregates, Briggs et 
al. 2011) also shows a 
seasonality.



1) Evidence of eddy-driven subduction was apparent in 
the 10% of the data (and model) during NA spring 

2) Consistent features were also seen in the NA STMW 
formation region (but we need floats with bio-optical 

sensors there!) 

3) Eddy-driven subduction is inherently along-isopycnal. 
Other processes, slow sinking or lateral transport are 

required for longer sequestration 

4) Fleets of inexpensive Lagrangian floats could be useful for 
understanding the statistics and fate of subducted water 

and sinking particle characteristics 

Summary



These features are not restricted 
to the North Atlantic. Most 

Southern Ocean BGC floats 
have them. 
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As does a float from the NA STMW 
formation region.

Eddy-driven subduction is likely pervasive, but its effect on a 
net annual export remains poorly understood.

These features are not restricted 
to the North Atlantic. Most 

Southern Ocean BGC floats 
have them. 
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A seasonal cycle with a deep winter mixed layer



A seasonal cycle with a deep winter mixed layer



We get a spring bloom and some of the POC sinks 



Eddy-driven processes also transfer POC & DOC 
along isopycnals where they are trapped below the 

restratifying ML.



The POC is remineralized back to DIC. 
Much is re-entrained into the ML the following winter.



Longer-term sequestration could happen through 
diapycnal mixing, slow sinking, particle transformations..



..or through lateral 
transport to regions 

where the winter mixing 
is not so deep.



preferred sense of rotation. The local EDW thickness remained
near 300 m for almost a year following a brief wintertime
thickening to nearly 500 m. In late summer of 2007 this bobber
began looping anticyclonically and remained trapped within a
long-lived translating eddy for more than 4 months. A more
detailed view of the looping portion of this trajectory is shown in
Fig. 14. Subsequent investigation of this and similar features in
the context of satellite altimetry and co-located surface drifters
(Park et al., 2012) suggests a strong correlation between surface
vortices and those revealed by the bobbers at EDW depth.

4. Basin-scale synthesis

To investigate low-frequency, basin-scale aspects of EDW
circulation the bobber measurements were averaged in spatial
bins to construct quasi-Eulerian fields of velocity, eddy kinetic
energy (EKE), isotherm depth, and EDW thickness. Although the
bobber measurements cover only a fraction of the North Atlantic,
they do provide a unique and high-resolution snapshot of EDW
structure and circulation during the CLIMODE field experiment.

Additional contemporary measurements including ongoing Argo
profiling float observations provide a broader spatial and tem-
poral context for the bobbers, and are examined in separate
contributions (e.g. Park et al., 2012) and in future work.

4.1. Velocity statistics and mean fields

The fields presented below are based on observations grouped
into 21!21 boxes. In any such analysis there is a trade-off between
spatial resolution, areal coverage, and statistical reliability of the
box-averaged quantities. This box size was chosen subjectively to
provide a reasonable depiction of the circulation while ensuring that
most boxes contain sufficient data to form statistically reliable mean
values. To that end, 90-day non-overlapping segments of isothermal
bobber velocity were used to estimate the Lagrangian time and
length scales associated with EDW circulation in the western North
Atlantic (see e.g. Lumpkin et al., 2002). The valid isothermal velocity
observations were distributed vertically with a mean depth of
185 m and standard deviation of 80 m. The velocity autocorrelation
function (Davis, 1991; see Lumpkin et al., 2002 for the specific
definition used herein) was computed for each of 75 such segments,

Fig. 11. (a) Position of each valid bob profile (blue dot) and deep (1000 m) profile (red dot) reported by the bobber array. (b) Final record-length RAFOS-derived isothermal
(18.5 1C) trajectories and fragments for all trackable bobbers. Discontinuities in several trajectories are due to intermittent periods in which range, topography, or
stratification issues resulted in inability to compute accurate position estimates, or in which the bobber deviated from the target 18.5 1C parking isotherm. The colors
assigned to trajectories are random and arbitrary.

D.M. Fratantoni et al. / Deep-Sea Research II 91 (2013) 35–56 43

(Fratentoni et al. 2013)

- 40 “bobbers” released during CLIMODE 

- acoustically tracked with RAFOS sound sources



(Fratentoni et al. 2013)

- Net southward transport with mean velocities of ~5 cm/s 

Fig. 18. (a) Record-length eddy kinetic energy (EKE) on the 18.5 1C temperature surface derived from CLIVAR Mode Water Dynamics Experiment (CLIMODE) bobber RAFOS
velocity measurements. (b) Surface EKE derived from satellite-tracked surface drifter data as reported by Fratantoni (2001), remapped to a grid consistent with the
subsurface bobber observations. Both fields have been spatially interpolated using a bi-cubic spline prior to contouring.

Fig. 17. Record-length mean vector velocity on the 18.5 1C temperature surface. Circles drawn at the root of each vector represent one standard error of the 21 binned velocity
data. The velocity vector is suppressed in each grid cell with a mean velocity magnitude less than one standard error or with less than 10 degrees of freedom (DOF). Also shown
(contours; interval¼0.05 m) is the mean dynamic topography derived from satellite sea surface height measurements and the GRACE geoid (Jayne, 2006).

D.M. Fratantoni et al. / Deep-Sea Research II 91 (2013) 35–56 49

We want Lagrangian obs of subducted BCG properties. 
STMW formation would be a great place for a field campaign.
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My Ocean Obs ’19 pitch..

A fleets of low-cost, acoustically tracked Lagrangian 
floats pre-ballasted to go to a prescribed isopycnal 

isopycnals



A passive ‘compressee' 
adjusts to pressure 

changes as they subduct.

Deployments of days to 
weeks (someday months 

to a year?)



Burn wire

Retrieval LED

Payload: 
• 3 Axis Accelerometer 
• Temperature  
• Pressure 
• Real Time Clock

High Resolution Camera 
(2592 x 1944 )

Passive Satellite 
GPS Unit

MINION 2.0

Reed Switch: 
System Power + Wi-Fi Access

24 Volt Battery Stack 
For 5 Day Deployments

Raspberry Pi Computer

“Fish Tag” acoustic tracking

COST: ~$250



1 cm

upward looking timelapse (every 20 minutes)
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