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Front

INTRODUCTION	

What	is	a	marine	front?	

Why	are	important	the	frontal	
systems?

• Primary	and	secondary	
production.

• Air-sea	interaction



MOTIVATION

WHY	THE	TROPICAL	ATLANTIC?

• It	plays	an	important	role	in	the	
hydrological	cycle.

• Fresh	water	sources:	Amazon	river,	
Congo	river,	precipitation	ITCZ

• Satellite	data	allows	to	study	salinity	front

Fig. 1: a) Meridional gradient of  salinity (map) and temperature (contours) for 
June 15, 2013. b) Salinity map and temperature contours for the same day as a). 
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MOTIVATION

• Several	studies	are	
focused	in	the	SST	
front.

• From	the	salinity	point	
of	view,	the	studies	are	
focused	in	MLS,	
specially	in	the	Cold	
tongue	area.

Case	of	study:	Equatorial	front

v Why	is	there	a	salinity	front?
v Same	dynamic	as	

temperature	front?
v What	are	the	causes	of	the	

generation	and	attenuation	
of	the	salinity	front?



DATA

• Sea Surface Salinity (SSS) from Aquarius, 3 years (1/Jan/2012-31/Dec/2014), 0.5x0.5 spatial 
resolution and 7 days temporal resolution (Melnichenko et al. 2016).

• Sea Surface Temperature (SST) from Reynolds (Reynolds et al., 2002), 3 years (1/Jan/2012-
31/Dec/2014), 0.25x0.25 spatial resolution, daily.

• Reanalysis global model Glorys from CMEMS (http://marine.copernicus.eu/), 3 years (1/Jan/2011-
31/Dec/2015), 0.25X0.25 horizontal resolution, 77 depth levels, daily and monthly temporal 
resolution. Output: salinity, temperature, zonal and meridional velocities. 

• Precipitation, evaporation, river run-off  and net heat fluxes from ERA-Interim.
• Argo: profiles from IPRC (http://apdrc.soest.hawaii.edu/projects/argo/ ). 



Argo	50km	binned	(climatology)

Glorys

RESULTS:	Comparison	Model-Argo:	Salinity

May OctoberJuly

EUC:	variation	on	 the	salinity	(Johns	et	al.,	2014)

January



RESULTS:	
Argo	50km	binned	(climatology)

Glorys

Comparison	Model-Argo:	Temperature

May OctoberJulyJanuary



RESULTS:	Method	Probability	Density	Function
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Magenta	solid	line:	temperature	threshold.
Black	solid	line:	salinity	threshold

Salinity	map	superimposed	with	temperature	contours	(black	line)

Salinity	map	superimposed	with	temperature	contours	(black	line)



RESULTS:	
Salinity Temperature

2011 2012 2013 2014 2015

Temporal	variability	of	salinity	and	temperature	PDF
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RESULTS:	
Salinity Temperature

WM	1 WM	2

WM	1WM	22011 2012 2013 2014 2015 2011 2012 2013 2014 2015

Temporal	variability	of	spatial	mean	of	each	water	mass



RESULTS:	 Temporal	variability	of	spatial	mean	of	each	water	mass

Minimum	 difference=No	front

Maximum	difference=	Front

- Possible	S	front	due	to	the	dynamics	of	both	WM

- Possible	T	front	due	to	the	dynamics	of	WM	2

S(WM	2)	- S(WM	1);	T(WM	1)	-T(WM2)	



RESULTS:	 Significant	salinity	and	temperature	budget	terms
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Budget	for	each	water	mass

𝐴𝑑𝑣𝑒𝑐𝑡𝑖𝑜𝑛	𝑇 =
1
𝑉
1−𝛻 𝑇�⃗� 𝑑𝑉 = −

1
𝑉
)

𝜕 𝑇𝑢 𝑑𝑦𝑑𝑧	
𝜕𝑥

GH

GI
−
1
𝑉
)

𝜕 𝑇𝑣 𝑑𝑥𝑑𝑧	
𝜕𝑦

GJ

GG
	−

1
𝑉
)

𝜕 𝑇𝑤 𝑑𝑦𝑑𝑥	
𝜕𝑧

GGLM

GNOP

V(t)



RESULTS:	Significant	 salinity	and	temperature	budget	 terms

Salinity Temperature
2011 2012 2013 2014 2015 2011 2012 2013 2014 2015

2011 2012 2013 2014 20152011 2012 2013 2014 2015



RESULTS:	Significant	 salinity	and	temperature	budget	 terms

Salinity
2011 2012 2013 2014 2015

2011 2012 2013 2014 2015

Boreal	Summer	 front:	ZADV	(WM	1),	FLX		and	
YADV(WM	2)	

Boreal	winter/spring	 front:	FLX		and	XADV(WM	2)

ZADV	at	north	similar	variability	as	ZADV	at	south	but	
larger	values

|Grad(SSS)| |Grad(SSS)|

Limit	value
Limit	value



RESULTS:	Significant	 salinity	and	temperature	budget	 terms

Temperature
2011 2012 2013 2014 2015

2011 2012 2013 2014 2015

Boreal	Winter	front:	ZADV	(WM	1)	and	NHF	(Jouanno et	al.	
2011)

Boreal	Summer	 front:	ZADV	(WM	1)	(Giordani et	al.	
2014)	

ZADV	at	north	similar	variability	as	ZADV	at	south	but	
larger	values

|Grad(SST)| |Grad(SST)|

Limit	value
Limit	value



RESULTS:	 Significant	 salinity	and	temperature	budget	 terms

Why	the	vertical	advection	is	larger	in	the	north	 than	in	the	south?

TemperatureSalinity

Computation	of	ZADV	in	a	volume?
Role	vertical	diffusion?

MLD

MLD+10m

MLD

MLD+10m

limit limit



RESULTS:	Trajectories	derived	from	daily	model	data	

Start	date:	07-June-2014		
when	there	is	a	salinity	
front.
Salty	signal	is	coming	from	
the	EUC,	coherent	with	Da	
Allada et	al.	(2017),	 Johns	
et	al.	(2014)

Start	date:	05-Oct-
2014,	when	there	is	no	
salinity	front.
Salinity	at	the	North	of	
Equator	increases	and	
the	gradient	south-
north	 is	weak.

Daily trajectories derived from model velocities. The particles are launched backward between 8ºW-6ºW, 1.5ºS-1.5ºN
and 20-40 meters depth. a) and c) show the path of the par ticles for one year for two different star t date, 07-June-
2014 and 05-October 2014. b) and d) show the salinity (pss) along the trajectories.

a)a)
a

b)a)
a

c)a)
a

d)a)
a



CONCLUSIONS	AND	DISCUSSION
• The model data represents adequately salinity variability of the equatorial

region.
• The temporal variability of the PDF for salinity and temperature shows the

presence of frontal system.
• During boreal summer, both fronts are generated due to vertical processes

with one month of difference. However, the salinity front weakens due to
the salinification of the fresh water pool on the north of the Equator
caused by positive FLX and horizontal advection.

• The salinity front at the beginning of the year and the temperature front at
the end of the year are associated with the variability of the surfaces
fluxes, FLX and NHF respectively.

• The daily trajectories allowed to corroborate the origin of the water masses
at both side of the equator.



THE	END…....

Thank you!!

laurare@hawaii.edu


