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	Motivation

• Agulhas	Current	is	a	classic	western	
boundary	current	

• It	is	also	know	as	a	“Sea	of	Eddies”	

• Agulhas	position	is	controlled	by	the	bottom	
topography		-	continental	shelf	and	Agulhas	
Plateau	

• Surface	velocities	in	the	core	are	up	to	100	
cm/s	(6km/h),	with	the	peaks	up	to	245	cm/s

Johann	R.E.	Lutjeharms,	2006,	“The	Agulhas	Current”

In 1977 Paul Tchernia, the world-renowned French physical oceanographer, wrote a now well-
known textbook on global descriptive oceanography1 based on the lecture series that he had taught
for ten years to students of the University of Paris VI. It dealt with all major ocean basins, their
general circulation, hydrographic structure, water masses, the origin and formation of such water
masses, etc. In its treatment of the anticyclonic circulation of the North Atlantic Ocean, this com-
prehensive treatise includes seven pages of discussion on the western boundary current of that
basin, the Gulf Stream. The analogous current of the South Indian Ocean, the Agulhas Current,
as well as its sources, are by contrast dealt with in but two, brief paragraphs.

The reason for this gross disparity is immediately apparent if a comparison is made between what
was known about these two – otherwise comparable – currents at the time. Knowledge on the
Agulhas Current, as measured by the number of research articles that had been published in the
scientific literature, was in fact totally inadequate for more than the rather cursory discussion in
the Tchernia text (viz. Figure 1). Even including early papers dealing with the currents of the South
Indian Ocean in toto, papers on abyssal currents as well as atlases, not more than about 80 pub-
lications on the greater Agulhas Current system existed by the late 1970s.

This situation has, for a number of reasons, changed dramatically since then (Figure 1). Since
the early 1980s about 13 papers, on average, have been published annually on the physics and
chemistry of the Agulhas Current. These contributions have covered a wider range of disciplines
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Figure 1.  The number of research papers that have appeared per year with, as subject, the Agulhas Current
or closely related topics (left ordinate). The continuous curve gives the accumulated total for these papers
from 1920 onwards (right ordinate). These numbers are based on a number of bibliographies on the
subject2–5. Note the peak in the publication rate in the 1930s; a secondary, but smaller peak in the 1960s
due to the International Indian Ocean Expedition; and a noteworthy and persistent growth starting in the
1970s.

Annual	number	of	publications	on	
Agulhas	Current

~70	Sv	
(Bryden	et	al.,	2005)	

2-30	Sv	
	highly	uncertain	

leakage



• Agulhas	Current	plays	a	key	role	in	the	global	
conveyor	belt	being	the	strongest	WBC:	

at	32N	and	S	latitude	
Agulhas										70	Sv	
Gulf	Stream			34	Sv	
Kuroshio									42	Sv

• Model	drifters	and	40%	of	the	Agulhas	leakage	volume	
transport	reach	the	North	Atlantic	within	12	years	supporting	
the	dynamics	of	AMOC	circulation	

• Agulhas	leakage	responds	to	changes	in	the	position	and	
intensity	of	the	westerly	winds	band	in	the	SH	

• It	affects		decadal	variability	of	the	Atlantic	Overturning	
Circulation	(r=0.74	-	15	yrs	lag)	

Ruhs	et	al.,	2015	-	NEMO	based	study

Johann	R.E.	Lutjeharms,	2006,	
“The	Agulhas	Current”

Durgadoo	et	al.,	2013	-	NEMO	based	study

Ruhs	et	al.,	2015	-	NEMO	based	study

Biastoch	et	al.,	2008;	Biastoch	et	al.,	2015;	Kelly	et	al.,	2016
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	Model	experiments	design	-	hindcast	1958-2009

Courtesy	of	Klaus	Böning	
and	Franziska	Schwarzkopf
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(Finite Element Sea-Ice Ocean Model)

•NCEP CORE2 Forcing

FESOM mesh

Courtesy	of	Dmitry	Sein
•47 vertical levels

(i) 		The	time	scales	of	SSH	variability	across	the	Agulhas	regions	
(ii) 	Comparison	of	the	SSH	variability	across	the	model	experiments,	ocean	reanalyses	and	satellite	altimetry	



Ocean	reanalyses

Global	Ocean	
Reanalysis	

(GLORYS	040)
1/4° daily	mean NEMO	

(MERCATOR) 1993	-	pr.

Global	Ocean	
Reanalysis	

(GLORYS	012)
1/12° daily	mean NEMO	

(MERCATOR) 1993	-	pr.

SODA	(Simple	
Ocean	Data	
Assimiladon)	
ocean/sea	ice	
reanalysis	)

1/4° daily	mean MOM5	(University	
of	Maryland) 1980	-	2015

SOSE	(Southern	
Ocean	State	
Esdmate)

1/6°	regional	SO daily	mean MIT	GCM 2005	-	2010

Model	experiments	

FESOM unst.m.	(1/10°	
highest) 5-daily	mean FESOM	(AWI) 1958	-	2009

NEMO 1/4°	global NEMO	(GEOMAR)

INALT10 1/10°	nest 5-daily	mean 1958	-	2009

INALT20 1/20°	nest 5-daily	mean 1958	-	2009

INALT60 1/60°	nest 5-daily	mean separate	years

GLORYS 1/4
GLORYS 1/12
SODA 1/4
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	Bandpassing
Adaptadon	of	the	methodology,	widely	used	in	diagnosdcs	of	the	atmospheric	dynamics:		

Jones	and	Simmonds	1993		
Zolina	and	Gulev,	2003		

Gulev	et	al.,	2002	
Kravtsov	et	al.,	2016	
among	many	others	

	

FIG. 7. Standard deviations (hPa) of the wintertime (JFM) (left) observed and (center) simulated bandpass-filtered
SLPA in physical space and (right) the relative difference (observed2 simulated; %) for the (top) 2-day high-pass-
filtered, (top middle) 2–6-day bandpass-filtered, (bottom middle) 6–12-day bandpass-filtered, and (bottom) 12-day
low-pass-filtered anomalies.
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Example	for	Sea	Level	Pressure		(Kravtsov	et	al.,	



	Bandpassed	SSH	in	different	time	ranges,	AVISO,	1993-2009

centimeters

the most  
of the energy 

100	m	currents,	FESOM

(courtesy	of	Nikolay	Koldunov,	AWI)



	Leading	frequency	in	temporal	spectra,	AVISO,	1993-2009

60-80 
days

80-100 
days

hi frequency 
part 

a) b) c) d)



40-60	days,	1993-2009,	focus	on	Agulhas	retroflection
AVS - GLORYS012V1 40-60 days

AVS - SOSE 40-60 days

AVISO	-	INALT	1/10

AVISO	-	INALT	1/20

AVISO	-	FESOM

AVISO	-	GLORYS2V4_1/4

AVISO	-	SODA_1/4 AVISO	-	SOSE	1/6

AVISO	-	GLORYS012V1_1/12



60-80	days,	1993-2009,	focus	on	Mozambique	channel
AVS - GLORYS012V1 60-80 days

AVS - SOSE 60-80 days

AVISO	-	INALT	1/10

AVISO	-	INALT	1/20

AVISO	-	FESOM

AVISO	-	GLORYS2V4_1/4

AVISO	-	SODA_1/4 AVISO	-	SOSE	1/6

AVISO	-	GLORYS012V1_1/12



80-100	days,	1993-2009,	focus	on	Central	South	Atlantic

AVS - SOSE 60-80 days

AVS - GLORYS012V1 80-100 daysAVISO	-	INALT	1/10

AVISO	-	INALT	1/20

AVISO	-	FESOM

AVISO	-	GLORYS2V4_1/4

AVISO	-	SODA_1/4 AVISO	-	SOSE	1/6

AVISO	-	GLORYS012V1_1/12



	Diagnostics	of	the	propagating	patterns,	60	-	80	days,	yr.	2000
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2000-2001,	80-100d	

FESOM INALT	10

EOF 1 negative values
EOF 1 positive values

EOF 2 negative values
EOF 2 positive values

AVISO AVISO	-	INALT	10



2000-2001,	80-100d	

EOF 1 negative values
EOF 1 positive values

EOF 2 negative values
EOF 2 positive values

AVISO	1/4

GLORYS	1/4

AVISO	-	GLORYS	025

GLORYS	1/12

AVISO	-	SODA

SODA	1/4



2000-2001,	80-100d,	anticyclonic	
eddies	only

AVISO	-	INALT	10

Griffa et al. 2008

INALT	10FESOM

AVISO

Frenger	et	al.,	2015



2000-2001,	80-100d,	cyclonic	
eddies	only

INALT	10

AVISO	-	INALT	10

Griffa et al. 2008

AVISO

FESOM

Frenger	et	al.,	2015



2000-2001,	regional	probability	distribution	of	relative	vorticity
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Summary

(i) We	present	a	methodology	for	the	fast	Eulerian	OCMs	diagnostics	

(ii) After	the	time	scales	of	80	days	agreement	in	SSH	variability	between	datasets	is	better	comparing	to	the			
higher	frequencies	

(iii)	FESOM	and	INALT	models	generally	agree	in	size,	speed	and	the	shape	of	propagating	mesoscale	eddies	over			
the	Agulhas	Current	with	AVISO	data	

(iv)Two	independent	OGCMs	provide	the	same	deflection	of	the	anticyclonic	eddies	path	in	the	Central	South	
Atlantic	from	both	AVISO	and	ORS	(assimilating	AVISO)	

(i) AVISO	gridded	dataset	might	not	be	resolving	eddies	equatorward	from	the	certain	
latitude	

(ii) Common	bias	for	OGCMs	(vorticity	balance?)	
(iii)How	important	is	this	bias	for	the	global	Agulhas	influence		

To	do		
(i) Check	this	with	along	track	data		



INALT	20 FESOM



Griffa et al. 2008



	Diagnostics	of	the	propagating	patterns,	60-80	days,	yr.	2000
AVISO FESOM INALT 1/20
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Pilo	et	al.,2015
Fu	et	al.,2009

Dencausse	et	al.,	2010
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Estimating eddies role in interocean exchange 
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from#alNmetry#2000P2014#
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