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Southern	Ocean	

•  Circumpolar	ocean	

•  Eastward-flowing	jets	

•  Topography	
-	steering	

	

Snapshot	of	surface	current	speed	(m	s-1)		
from	the	MOM	1/10°	ocean	model.	

Courtesy	of	Kial	Stewart.	

ACC	



Southern	Ocean	
Depth	(m)	

Depth-integrated	EKE	(m2	s-2)	in	the	MOM	1/10°	
with	the	2500m	depth	contour	superimposed.		

Courtesy	of	Kial	Stewart.	

•  Circumpolar	ocean	

•  Eastward-flowing	jets	

•  Topography	
-	steering	
-	EKE	distribu0on	

	



•  Topography	in	the	Southern	Ocean	affects	the	
distribu0on	of	eddy	energy	

•  Impact	on	mixing		
– Lee	waves	generated	from	geostrophic	eddies	
interac0ng	with	topography	(Nikurashin	et	al.,	
2012)	

– Observed	mixing	rates	are	dependent	on	local	
eddy	energy	(Sheen	et	al.,	2014)	

Mo0va0on	

What	processes	control	deep	eddy	kine0c	energy?		



2-layer	isopycnal	model	
•  2-layer	MOM6	(GFDL)	
•  Adiaba0c	
•  β-plane	channel	

configura0on	

•  4km	horizontal	resolu0on	
•  Interface	heights	are	restored	

along	the	North	and	South	
boundaries.	



2-layer	isopycnal	model	

200	km	

0.8	m/s	

0.25	m/s	

•  Forcing	by	restoring	interface	
heights	across	the	channel	

à	unstable	jet	at	the	inflow	
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2-layer	isopycnal	model	

500	m	

•  Gaussian	topography	
in	the	lower	layer:	
	-	circular	seamount	
	-	meridional	ridge	

200	km	

Velocity	[m/s]	



1.  Does	topography	increase	deep	eddy	kine0c	
energy	(EKE2)?	

2.  What	are	the	energy	pathways	to	EKE2?	
3.  Is	it	dependent	on	the	proper0es	of	the	

topography?	
4.  How	sensi0ve	is	EKE2	to	the	baroclinicity	of	

the	ACC	jet?	

Ques0ons	



1.	Deep	eddy	kine0c	energy	

•  Flat	boiom:	
MKE2	

EKE2	
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1.	Deep	eddy	kine0c	energy	

•  Interac0ng	with	a	500m-tall	seamount:	
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1.	A	seamount	increases	deep	EKE	



1.  Does	topography	increase	deep	eddy	kine0c	
energy	(EKE2)?	

2.  What	are	the	energy	pathways	to	EKE2?	
3.  Is	it	dependent	on	the	proper0es	of	the	

topography?	
4.  How	sensi0ve	is	EKE2	to	the	baroclinicity	of	

the	ACC	jet?	

Ques0ons	



•  Variable	decomposi0on:	

	

•  Energy	terms:	

2)	Pathways	to	EKE2	

Kine0c	energy	in	layer	i	
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Energe0cs	in	isopycnal	framework	



•  Evolu0on	of	EKE2:	

2)	Pathways	to	EKE2	

advec0ve	

local	
conversion	

terms	
	

eddy	form	stress	

Reynolds	stress	

dissipa0on	



	
					posiEve	Reynolds	stress		
≈	horizontal	shear	instability	
	

	
	posiEve	eddy	form	stress		
			≈	baroclinic	instability	
	



25m	
30cm	

2)	A	seamount	affect	pathways	to	EKE2	

flat	boiom	 seamount	of	increasing	height	

EKE	(J	m-2)	
fluxes	(10-6	W	m-2)	 	For	a	given	jet	upstream,	the	presence	of	a	seamount	

increases	deep	EKE… through	horizontal	shear.	



1.  Does	topography	increase	deep	eddy	kine0c	
energy	(EKE2)?	

2.  What	are	the	energy	pathways	to	EKE2?	
3.  Is	it	dependent	on	the	proper0es	of	the	

topography?	
4.  How	sensi0ve	is	EKE2	to	the	baroclinicity	of	

the	ACC	jet?	

Ques0ons	



25m	
30cm	

3)	Impact	of	topography	

EKE	(J	m-2)	
fluxes	(10-6	W	m-2)	

topography	of	increasing	height	

For	a	given	height,	a	meridional	ridge	is	more	effec0ve	at	genera0ng	EKE2	
through	both	horizontal	shear	and	baroclinic	instability.		



1.  Does	topography	increase	deep	eddy	kine0c	
energy	(EKE2)?	

2.  What	are	the	energy	pathways	to	EKE2?	
3.  Is	it	dependent	on	the	proper0es	of	the	

topography?	
4.  How	sensi0ve	is	EKE2	to	the	baroclinicity	of	

the	ACC	jet?	

Ques0ons	

	Wind	changes	à	baroclinic	structure	of	ACC	jets	(Langlais	et	al,	2015)	



basin-integrated	
EKE	(J.m-2)	

more	
eddies	

APE	(α	Δη2)
	à	EKE	

4)	Sensi0vity	to	jet	baroclinicity	

Increased	ver0cal	shear	leads	to	increased	EKE2		
through	baroclinic	instability	



4)	Sensi0vity	to	jet	baroclinicity	

In	configura0ons	with	strong	topography-induced	baroclinic	
instability,	increased	ver0cal	shear	can	lead	to	reduced	jet-

topography	interac0ons		



Key	messages	

•  High	topography	contributes	to	higher	eddy	kineEc	
energy	in	the	lower	layer.		

•  When	high	topography	can	be	avoided	(seamount),	
barotropic-like	processes	dominate	as	a	source	of	EKE.	

•  Topography	shape	maIers:	a	ridge	leads	to	more	EKE,	
from	both	barotropic	and	baroclinic	processes.	

•  Topography	impacts	the	EKE	response	to	changes	in	the	
ACC	jet.	Interac0ons	with	topography	have	to	be	
considered	for	future	changes	in	Southern	Ocean	
dynamics.	



To	know	more…	
•  Contact:	a.barthel@unsw.edu.au	

•  A.	Barthel,	A.	M.	Hogg,	S.	Waterman,	S.	Kea0ng,	Jet-
topography	interac9ons	affect	energy	pathways	to	the	deep	
Southern	Ocean,	Journal	of	Physical	Oceanography,	in	press.	

•  Topographic	control	of	eddy-driven	upwelling	

•  What	next?	



Thank	you	for	your	aien0on.	
Ques0ons?		
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