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Outline of this presenta{ién i AW

A Submesoscale Eddies;

Frontogenesis; surface convergence, surface fiievsew of
modellingachievementssatelliteremotesensingoff theAmazon
shelfbreak;role of surface drifters to understand submesoscale;

A Internal Waves;
Motivations; roleof satelliteremote sensing; numerical

modelling; generation mechanisms of solitons off the Amazon
shelf break
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SAR measurements suggest that surface convergence can dramatically concentrate floating surfact
materials in the ocean. These surface active organic materials are effective in dampisgashovind

(ripple) generated waves and readily show up in the SAR which is very sensitive to surface roughne
These are Baltic Sea observations, all cyclonic {elotkwise).




Submesoscale Dynamics are dominated by MLI and frontoge

A The depth of the mixed layer provides the energy that drives the submesoscals
(hence seasonal cycle)

A Organization of the submesoscale along fronts

A Strong correlation between positive surface relative vorticity values and negati

divergence- — —;] — —

123() JOURNAL OF PHYSICAL OCEANOGRAPHY VOLUME 47
Srinivasan et al., 2017
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A Small Scale Sum%@f model results (M(')le/éma er, 2018

A Departures from geostrophic balance; Ro = O(1) Y Q

A Emergence of submesoscale phenomena fueled by mixed layer Availz
Potential Energy (APE); the amount of APE is a result of horizontal
buoyancy gradients and a deeper mixed layer

A Asymetry between cyclonic and awgiclonic vorticity

A Significant surface convergence , organized in frontal lines and eddies

A Frontogenesis (the grouth in amplitude of gradients of the front) throut

1) Straining andesulting secondary circulatipfclassic view)

2) Turbulent Thermal Wind (TTW); interaction between the mixed layer

turbulence and horizontal buoyancy gradient

3) selfevolution of divergence (once we have O(1) )

A Important things happen at small scales, but models are currently poo
constrained for assimilation (need of measurements close in time to tt




A Hoskins & Bretherton (1972): frontogenesis with conservation of densitpatedtial
vorticity (purelybarotropig

A1) Initial density gradient develops i

A 2) A deformation field $training S) is superposed, causing the initially vertical

iIsopycnals to tilt northwardy — —

A 3) The northern tilting of isopycnals is not uniform: the northern isopycnals converge
the surface, while the southern isopycnals diverge

A 4) The eastward thermal jet has a stropgonic sheaat its northern flank, while the
N s o u tamteyclan sheais weak (asymetrpetween cyclonic and antyclonic
vorticity)
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(dimensionless time in units of roughly one day) Munk, 2001



=0 T = T = T=2.775 T=2.89

N Cyclonic side 02'
| T 100% 949% “l 94% 259, 0%
. [ "l-—.—ll—-.?. H:.
y 0 - y 0 — e
C i S 175% 7T 200%
=1 100% 106% 106%
ot 8 Anticyclonic side —0.2F
0 1 2 0 2 4 6 8 10
X X

“Y (0)Q eddimensionless time in units of roughly one day)

I:I 8yo/. o/.

Munk etal., 2000

O X »‘

For the cyclonic front the square thlns and stretches, with a 4:1 areal compression; while the overa
expands by a factor of 2 in the anticyclonic side (Jer2.75).




A Topographiovorticity
generationsubmesoscal

baroclinicinstability and
S vortexstreetformation
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Assuming W(z) is zero at the botto;3‘1-..
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Studyregion thetropical Atlantic deepoceanoff the
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Hypothesis is there in situ evi?lepvethat the NBClooses¥ S Y. Sﬁﬁg %grqphically

driven north-westwards? , &

Data selection

Tips: dick "Download" to ... download data, dick "Refresh” if "Download" is not active, dlick "Hide observations" to save some time.
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A proxy of KE may be qbtalned via surface 'ﬂrlfters \/ v

(running alongshelf betwgen 100 and 2500 m deepy

Approximate range of |nstab|I|1&es
-
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On average the NBC strength
decreasesaround 40% just before
the vorticesobservations

Approximate
path of the
NBC

> f changessign,meaningf is very
small (conventionalmodelsmay
fail to reproducethese features
at the equator)

Drifters along
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Deep currents need dedicated
measurements/modelling
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Conclusions about subrrgsg)scale yort|C|ty rqeasurements

Two very distinct roles for 0

A Process Studieso help advance models and to validate models
(where they exist); Aiming for finding statistical truths, e.g.
Statistics of surface kinematigsiote that satellite remote
sensing needs to be very high spatial resolution; complimentet
with drone type measurements at regular and high temporal
resolution)

A Data assimilation for Ocean Forecgsbvide data products for
forecast models; e.g. Rescue Services, or oil spill prediction;
predictability requires data availability at small scales and up t
a day time scales
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Internalsolitarywaves Wd/ shouldwe care?

Vertical heat fluxes peaked awver 1000 timesgreater in the leading wave thianthe
background shelf waters (Ehroyer 2009).
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Internalsolltarywaves(l $ andmotlvatlonto studythem

Sediment resuspension in thenepheloidlayer measured in the Nazareth Canyon,
Portugal
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Sediment resuspension

ik Adapted from Quaresmaet al. (2007)
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a) PPcanincreasaipto 8% dueto thepresenc®f IT crests
b) strongIT activity alsopresent®ceancoloursignature®n climatologysatellitedata

Internal (Tidal) Waves can play an important role in the regional ecologyin some
coastal or oceanicregions, such as the Nazaré Canyon (Portugal) and the central

region of the Bay of Biscay (France).
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Noctiluca scintillans that has accumulated at a front formed by a
nonlinear internal wave off the coast of San Diego CA, USA.




TYPICAL LARGE SOLITON CHARACTERISTICS

Vertical Amplitude 50mto 150m

Horizontal velocity 0.5m/sto 2.0m/s

Vertical velocity aboutl/3 horizontalelocities
Length scale few hundred m to a felm

Duration 15t0 45 minutes
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