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Goal:	Develop	a	framework	for	parameterising	and	interpreting	eddy-mean	8low		
												interaction	that	preserves	the	relevant	symmetries	and	conservation	laws

 eddy energy

4.	Understanding	eddy	saturation
• Momentum	budget

 wind stress   ~   eddy form stress

eddy energy source   ~   eddy energy sink

eddy energy  ~  wind stress
shear  ~  (dissipation timescale)-1

• Eddy	energy	budget

• GEOMETRIC	closure
eddy form stress  ~  eddy energy

shear x eddy energy  ~ dissipation timescale

@E

@t
= r · (. . .) + u ·r ·E+ forcing� dissipation
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• residual-mean	momentum	equation

1.	GEOMETRIC	eddy	framework

@u

@t
= . . .�r ·E+ forcing� dissipation
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• consistent	eddy	energy	equation

• eddy	stress	tensor	E	includes	eddy	Reynolds	
and	form	stresses	

• dimensional	size	of	E	set	by	eddy	energy	E

• all	remaining	unknowns	are	dimensionless	
and	≤	1	in	magnitude	and	measure	the	
anisotropy	and	direction	of	the	eddy	Mluxes	
(analogous	to	eddy	variance	ellipses)

• if	we	neglect	Reynolds	stresses,	GEOMETRIC	
is	equivalent	to	Gent	and	McWilliams	(1990)	
with	an	eddy	diffusivity

(Marshall	et	al.,	2012)

(Mak	et	al.,	2018)
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2.	Implementation	in	OGCMs

• employ	existing	Gent	and	McWilliams	
code	with	prescribed	diffusivity	proMile	

• solve	prognostic	equation	for	depth-
integrated	eddy	energy,	E	

• rescale	eddy	diffusivity	proMile	to	match	
GEOMETRIC	energy	constraint

(Marshall	et	al.,	2017)

5.	Role	of	internal	waves,	diapycnal	mixing?	

• eddy	energy	dissipation	time-scale	is	a	key	parameter	in	
setting	global	stratiMication	by	setting	tilt	of	isopycnals	in	
the	Southern	Ocean	

• important	role	for			
lee	wave	generation,	
diapycnal	mixing,	
bottom	drag?	

(Marshall	et	al.,	2017)

2-d	model

• reproduces	eddy	saturation,	reduced	sensitivity	of	circumpolar	volume	transport	
to	surface	wind	stress	found	in	models	with	explicit	eddies	(Mak	et	al.,	2017)

3.	Proofs	of	concept
• reproduces	dimensional	Eady	growth	rate

Eady	growth	rate	if	α	=	0.61
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(adpated	from	Vallis,	2006)

(Munday	et	al.,	2013)
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Figure1:SchematicofEadymodelconfigurationanddiagnosticprocedure.Theshearandstratification
attimet=0areconstant,andtheinitialtracerprofilesvarysinusoidallyinyandzasinBachmanand
Fox-Kemper(2013).Atlatertimesafterthefrontgoesbaroclinicallyunstable,thetracerconcentrationsare
zonallyaveraged,theirmeridionalgradientsandeddyfluxesarecalculated,andasolutionforisobtained
bypseudoinverting(23)ateachpointontheyz-plane.Theoverallvalueforateachoutputintervalistaken
asthedomainaverageofthesesolutions.Intheinsetpanelsthetracergradientsandfluxesmayvarybeyond
thegivencolorscale,butthecolorlimitsarechosentobesuitableforalltracersshown.Inthebuoyancy
plotstheaspectratioofthedomainhasbeenstretchtoillustrateboththealong-channelandverticalaspects
oftheturbulence;theactualdensitysurfacesinthesimulationsarenearlyflat.
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• realistic	eddy	diffusivities	
in	nonlinear	Eady	problem	
(Bachman	et	al.,	2017)(Marshall	et	al.,	2012)
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⇒ ACC	transport	independent	of	wind	stress			
							and	increases	with	increased	bottom	drag! zero	wind	stress


