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Nonlinear	ocean	dynamics	
Definitions of Southern Ocean Fronts 

from MADT images 

Persistence	of	fronts		from	MADT	
gradients	detected	with	an	image	

processing	method	(Canny)	

Fronts	from	MADT	gradients		detected	
with	an	image	processing	method	

(mul?scale	Canny	method)	

Speich et al. In prep. 



Nonlinear	ocean	dynamics	
Definitions of Southern Ocean Fronts 

from MADT images 

MADT	Binned	transport	at	different	longitudes		
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Similar	to	Sokolov	&	Rintoul	(2009)	but	computed	for	every	longitude	
with	varying	MADT	values	

Speich et al. In prep. 



Nonlinear	ocean	dynamics	
Definitions of Southern Ocean Fronts 

from MADT images 

Mean	fronts	dervided	from	the	
kinema?c	method	
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Mean	fronts	
dervided	from	the	
kinema?c	method	
in	physical	space	

Persistence	of	
MADT	“fronts”	

detected	with	the	
kinema?c	method	
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Speich et al. In prep. 



Nonlinear	ocean	dynamics	
Definitions of Southern Ocean Fronts 

from MADT images 
Persistence	of	fronts		from	MADT	

gradients	(Canny)	

	+	Mean	fronts	dervided	from	the	
kinema?c	method	

Orsi	et	al	1995	

Sokolov	&	Rintoul	2009	Fronts	are	NOT	con/nuous	

Speich et al. In prep. 



The ocean is a very turbulent fluid 

Eddy detection from satellite altimetry 
(2000-2015) 
Laxenaire et al., 2017 
 

[AVISO Ssalto-Duacs Daily multi-satellite Maps 
of Absolute Dynamic Topography; Ducet et al., 
2000; Pascual et al. 2006] 



The	ocean	is	filled	by	eddies	
1°x	1°	%	Time	of	

presence	An/cyclones	
1°x	1°	%	Time	of	
Presence	Cyclones	



Nonlinear	ocean	dynamics	
Definitions of Southern Ocean Fronts 

from MADT images and eddies transfer 

Where	there	are	discon/nui/es	in	fronts,	eddy	ac/vity	and	
crossfrontal	transfer	is	the	highest	

Fronts	detec?on	
+	

Eddy	tracking	

Speich et al. In prep. 
Fronts	are	not	con/nuous	



The	Agulhas	Rings	example	

Laxenaire et al., GRL, accepted; Speich et al., submitted


Estimating the export of Indian waters by eddies


A	new	eddy	iden/fica/on	and	
tracking	method	that	includes	
eddy-merging	and	spliJng	



Local	forma/on/transforma/on	of	waters	

Laxenaire et al., in prep. (2 papers), Capuano et al., subm. (2 papers)


Heat	Content	 Salt	Content	

Heat	Content	 Salt	Content	

Agulhas Ring Mode Waters 


Confidential manuscript submitted to JGR-Oceans

Figure 10. Anomalies of Potential Temperature (a), Practical Salinity (b) and Potential Density (c) and

Brunt Väisälä frequency (N2)(d) of the Composite Agulhas Ring. Contours in the d panel are isopycnals

of the Composite AR. The grey patch near the surface in each panel corresponds to the region above the

isopycnal surface 26.2 kg.m�3 which marks the separation between the time dependent region and the AR

structure.
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The horizontal sum of the squared residuals between observations and the composite eddy386

are presented in the panel d of the Figure 9. Most of these sums across the 53 profiles are387

between 0.001 and 0.01 kg2.m�6 which seems reasonable. However, the values are more388

important up to 10 near the surface. The 0.01 kg2.m�6 limits is crossed between -130 and -389

140 m that might be associated to the transition between the time dependent region and the390

signature of the AR in the water column. However, it is clear from panels a to c in the Fig-391

ure 9 that this limit is more associated to isopycnals instead of fixed depth. Consequently, the392

isopycnal 26.2 kg.m�3, which defines the upper limit of the shallowest core, is preferred to393

separate the two regions. It is important to note here that the depth of this isopycnal varies394

between -100m close to the center and -140m far from it. Only the part of composite AR395

below this isopycnal surface is considered.396
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AGEM	
(A	PROXY	FOR)		
HEAT	CONTENT	

ANOMALY	
1992-2008	

AGEM 
(A PROXY FOR) 
SALT CONTENT 

ANOMALY 
1992-2008 

 

AGEM	:	Variability	in	the	ACC	
along	GH	built	using	in	situ	data	&	

satellite	al?metry	

Swart & Speich 2010 



HR	Modelling	(1/108°	100	levels)	&	
mesoscale/submesoscale	interac?on	

Realis/c	Mixing	Layer,	
Mode	water	forma/on	by	submesoscale	subduc/on	

PV,	Winter	an/cyclone	 PV,	Summer	an/cyclone	

Capuano	et	al.,	2017	under	review	



HR	Modelling	(1/108°	100	levels)	&	
mesoscale/submesoscale	interac?on	

Intense	submesoscale		
lateral	mixing	at	depth	
(here	AAIW	layer)	

An/cyclone	

Cyclone	

Spiciness	(ver/cal	sec/on)	Water	proper/es	along	the	27.2	isopycnal	

Capuano	et	al.,	2017	under	review	



Nonlinear	ocean	dynamics	
impacts	biodiversity	

Royo-Llonch		et	al.,	Fron?ers	in	Microbiology,	2017		

Novel	Kordia	sp.	
(Bacteroidetes)	highest	
abundance	aaer	upwelling-
induced	phytoplankton	
blooms	and	sinking	to	the	
deep	ocean	with	large	
organic	macer	par?cles	



Nonlinear	ocean	dynamics	
&	SOCLIM	

Dynamical	impact	of	ocean	variability	(?des,	mesoscale,	
submesoscale)	

•  Work	on	satellite	al?metry	to	characterize	the	SOCLIM	
period	upper	ocean	dynamics	(mesoscale	variability)	

•  Argo	+	GEMs	for	3D	thermohaline	(and	biogeochemical??)	
reconstruc?on	

•  HR	regional	simula?ons	including	?des	(external,	internal)	
and	biogeochemistry			


