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Eddy:driven%Low:Frequency%Variability:%
Physics,%and%Observability%through%AlNmetry%!

CONTEXT%AND%OBJECTIVES%
Future!climate!simulators!will!include!eddying!rather!than!laminar!oceans.!When%eddies%are%present,%global!ocean/sea7ice!simula8ons!forced!by!repeated!
annual!cycles!show!that!an%intermiVent,%intrinsic%low:frequency%(LF:%interannual:to:mulNdecadal)%oceanic%variability%emerges%spontaneously,!with!a!
stochasNc%character,%and%a%strong%(large:scale)%imprint%on%SLA,%SST%and%MOC.!This!intrinsic!variability!ques8ons!the!determinism!of!ocean!LF!variability,!
and!suggests!that!in!coupled!mode!its!SST!signature!might!inject!low7frequency!eddy7driven!«!noise!»!into!the!atmosphere/climate.!Here!we!use!a!gridded!

al8meter!product,!idealized!quasi7geostrophic!(QG)!turbulent!simula8ons,!and!realis8c!high7resolu8on!global!ocean!simula8ons!to!study!the!!
spontaneous%tendency%of%mesoscale%(high%frequency/wavenumber)%kineNc%energy%to%non:linearly%cascade%towards%larger%Nme%&%space%scales.!
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SIGNAL:%NEMO%1/4°:%INTRINSIC%PART%(R%in%%)%OF%LARGE:
SCALE%INTERANNUAL%VARIANCE%(scales>1000km)!
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QG%SIMULATIONS:%INVERSE%CASCADES%OF%MESOSCALE%
KINETIC%ENERGY%TOWARD%LARGER%SCALES%&%PERIODS%!
Doubly!Periodic!27layer!QG!model!(Flierl,!1978).!Constant!forcing:!u1 � u2
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Classical!spa8al!inverse!cascade!(Fjortoi!1953),!seen!
in!gridded!al8meter!data!by!ScoP!&!Wang!(2005)!
7!Large7scale!shear!feeds!APE!&!baroclinic!KE!
7!APE!forward!cascade!!!smaller!scales.!
7!Baroc.KE!&!KE1!inverse!cascades!!!larger!scales!
7!Fric8on!removes!large7scale!KE!
7!Spa8al!inverse!cascade!efficient!over!1!decade!
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Spectral!flux!across!Frequencies%A%temporal%inverse%cascade%(Arbic%et%al%2012)%acts%
in%parallel.%Arbic%et%al%(2014)%examine%it%along%with%
its%spaNal%counterpart%in%QG.%
:%Eddies%can%flux%chaoNc%mesocale%energy%toward%

longer%Nmescales%!%Intrinsic%low:freq%variability%
Efficient%over%~2%decades%in%these%experiments%:%%

HYCOM%1/12°%:%TEMPORAL%INVERSE%CASCADE%!
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(⌦) = 0:!nega8ve!for!inverse!cascades.!

5:yr%1/12°%HYCOM%run%(black%lines)%
7!Nega8ve!Π(Ω)!prevail!in!most!regions!in!
HYCOM!(besides!region!(a))!!
7!This!matches!QG!predic8ons!in!most!
regions!in!HYCOM!:!
(ChaoNc)%high:frequency%KE%associated%
with%mesoscale%spontaneously%feeds%the%

(apriori%chaoNc)%low:freq%variability.%
Could%this%explain%the%signals*plo+ed%in%
the%frame%above?%%
!

(lei!:!regions!of!inves8ga8on!overlaid!
on!AVISO!SLA!snapshot)!
!
The!spectral!flux!of!surface!KE!across!
frequencies!is!diagnosed!within!six!
regions.!ψ1(x,y,t)!=!SLA(x,y,t)!.!g/f!!

GRIDDED%SLA%:%TEMPORAL%INVERSE%CASCADE?%!

direct!
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NO!:!CYAN!lines!above!show!no%robust%evidence%of%temporal%inverse%cascade%in%gridded%product%

WHY%:%diagnos8cs!above!from!filtered!HYCOM!outputs!strongly!suggest!that!the!mapping/

smoothing%procedure%yielding%gridded%AVISO%products%strongly%distorts%the%Π(Ω) diagnosNc.%

GRIDDED%ALTIMETRIC%PRODUCTS%(including%e.g.%SWOT)*WITH%
HIGH%SPATIO6TEMPORAL*RESOLUTION%ARE%REQUESTED%

intrinsic!AMOC!anomalies!(30°S770°N)!
(1/4°!run,!bandpassed!8me7la8tude!plot)!
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