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Scientific context

Global warming of the ocean

* The most intense in the
North Atlantic Levitus et al. 2005

Subtropical gyre
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—3 How is the excess of heat stored!?




How to characterize the permanent pycnocline in subtropical gyres ?

Pycnocline: strong temperature/
density gradient with depth

B
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How to characterize the permanent pycnocline in subtropical gyres?

Temperature profiles Methods up to date are applied

PO 0 e s s |OC&| |)’ in eq uato rial regions
Fiedler 2010
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* Model with segments
* Approximation by isotherms

Limits
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representative
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] * Segments suppose linear density
-300 variation with depth
Fig. 5. Estimated thermoclines from the five objective methods compared with empirically determined thermoclines (identical in each panel) for four H H H
typical observed profiles: from left to right in each panel, California Current, tropical, equatorial, subtropical. In the four-segment profile model panel, ¢ Tem Pe ratu re/denSIty varlatl on a-t
all four segments are plotted along with the thermocline segment. In the inflection point method panel, inflection points are plotted (circles). .
the depth of the pycnocline at
large scale

Inflection
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Need a robust method to characterize the permanent pycnocline at large scale




An Objective Algorithm for the Characterization of the Permanent Pycnocline
(OAC-P)

Typical subtropical profile
in the North Atlantic
subtropical gyre:

A mode water

trapped between
the mixed layer
and the
permanent pycnocline
(maximum of stratification)

Characterization of the
permanent pycnocline in
terms of depth and thickness
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An Objective Algorithm for the Characterization of the Permanent Pycnocline

(OAC-P)
[
Characterization of the

permanent pycnocline depth
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An Objective Algorithm for the Characterization of the Permanent Pycnocline

(OAC-P)
O‘
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An Objective Algorithm for the Characterization of the Permanent Pycnocline
(OAC-P)

Characterization of the
permanent pycnocline thickness -

Choice of a model:
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An Objective Algorithm for the Characterization of the Permanent Pycnocline
(OAC-P)

Characterization of the
permanent pycnocline thickness

Choice of a model:

Density profile: erf function
N? profile: gaussian distribution

diffusive balance between two homogeneous
reservoir (mode water-abyssal water)

Asymmetric structure of the
pycnocline around its depth:

Two half gaussians centered at the depth of
the permanent pycnocline

Pycnocline top and bottom thicknesses:
standard deviation of the gaussians

N2 around the depth of the pycnocline
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An Objective Algorithm for the Characterization of the Permanent Pycnocline
(OAC-P)

Quality Control

Check if differences with typical
subtropical profiles

Permanent pycnocline below a mode
water

Profile with a below the

mixed layer followed by a maximum
in the stratification

v

Discard profiles that do not
correspond to this definition

Depth (m)




OAC-P on Argo data

Gulf Stream
Start

<«— Subtropical gyre—» S

End
. Gulf ,
Stream -400

)
24N \\ : ‘ —
h! .. #4900497] E oo

78°W 72°W

* Interpolate profiles -1000
onto a regular grid

-1200
No mode water! 0.2
* Smooth N? profiles 1400
-1400
0
(scale < 50 m) 0 20 40 60 80 100

Profile index




OAC-P on Argo data

Profiles where the
pycnocline is characterized
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Maze et al. 2015, submitted
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Pycnocline depth (m) Northern boundary
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Pycnocline top thickness (m)
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Hydrographic properties at the depth of the permanent pycnocline

O/S diagram and stratification
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Conclusion and perspectives

* An objective algorithm to characterize the permanent pycnocline in subtropical gyre

* Application to the North Atlantic with Argo data: 77.3% of permanent characterized in
the subtropical gyre among 74106 profiles

* Structure of the permanent pycnocline

* Thermohaline properties of the permanent pycnocline

Feucher et al. 2015, submitted to JAOT 2015

60°N

Ongoing work ...

45°N

* Interannual variability of the permanent
pycnocline 30°N

* Role of the permanent pycnocline in
oceanic heat storage 15N

deep/thin

deep/thick
shallow/thin |

00 I [\
O




Mode water depth (zmin)

Mode water depth and contours of potential density
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OAC-P performance

Application to the North Atlantic subtropical gyre with Argo data
(74106 profiles)

» 77.3% of profile with a permanent pycnocline characterized
* 21.1% for which no mode water has been characterized

* |.6% with a bad permanent pycnocline characterization
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