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Etudes et paraḿetrisation des

�ux turbulents pour les courants
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OceanicDeepConvection

A striking featureof open-oceandeepconvectionis that,althoughit governsa substantialpart of thepolewardheattransportof theatmosphere-oceansystem,throughits in�uence on the thermohalinecirculation,it is

neverthelessextremelylocalizedin spaceandtime. In fact,convectionchimneys accountonly for a tiny fractionof theworld oceananda convectioneventtypically lastsfor only aboutoneweek.A substantialpartof the

large-scale-long-timeoceanandclimatedynamicsis thusslavedto whathappensat thesealmostspace-timesingularities.

Tilted convection

Openoceanconvectionis a dynamicallyvery involvedprocess,whererotation(magnitudeanddirection),verticalacceleration,strati�cation andthree-dimensionalturbulence(non-linearity)

eachplaya roleof almostequalimportance.Thatis, noneof thetermsin theBoussinesqequationscanbeneglectedandnoneis dominant.

Wehereshow thatnotonly themagnitudeof therotationvector(asexpressedby thenaturalRossbynumber)is of importancebut alsoits direction.Moreprecisely, in themajorityof numerical

calculationsconsideringoceandynamics,the traditionalapproximationis employed which completelyneglectsthe horizontalcomponentof the rotationvectorandthusits “tilt. ” The deep

convectionprocessis performedby coherentstructures,plumes,of 100metersto onekilometerin diameter. We have previously demonstratedthatthetilt is very importantto thedynamicsof

a singleplume(A. Wirth & B. Barnier2006,OceanMod.). We hereemphasiseon thedynamicsof the“tilted” convectionprocessin anoceanthatis cooledhomogeneouslyat its surface.The

resultingdynamicsis thatof anensembleof convective plumes.Dueto thenon-linearcharacterof theconvectionprocess,thedynamicsof turbulentplumeensemblescannot bederivedfrom

thebehavior of asingleplume.Weagainhave to resortto numericalsimulationsto determinethebasicfeaturesof turbulentconvection.(A. Wirth & B. Barnier2008,JPO)

TheModel

Physicalexperiment:We foundin numericalexperimentsthata domainspanning8km in eachhorizontaldirectionallows for a suf�cient space

for a few plumes,spanninga few hundredsof metersin thehorizontaldirection,to descendindependently. Theatmosphericforcing varieson

horizontalscalesof 100to 1000kmsothatit is adaptedto usea homogeneouscoolingat thesurface.An integrationrepresentinga few daysof

dynamicsis necessaryto accountfor thedescentof severalplumesandto obtainastatisticallystationarydynamics(ergodicity).

Mathematicalmodel:non-hydrostaticNavier-Stokesequations:¶tu+ u�Ñu+ 2W� u+ ÑP= agTe? + nÑ2u, Ñ�u = 0,¶tT + u�ÑT = kÑ2T + G:

Numericalmodel:HARmonicOceanMODel (HAROMOD) (Wirth, OceanMod. 2005).

Parameters

Away from the boundariesthe dynamicsis in the “ul-

timatestateof convection”, whereviscosityanddiffu-

sivity canbeneglected.We arethusleft with only two

independentnon-dimensionalparameters:

� naturalRossby:Ro� =
q

B0
f 3H2

� angle:q

Scaling

Therearetwo possiblescalinglawspossiblefor theve-

locity:

� rotationalscaling:urot = (B0=f )1=2

� threedimensionalscaling:u3D = (B0H)1=3 . exponent= 0.38

Taylor-Proudman-PoincaréTheorem

The TTP states,that the vertical velocity componentdoesnot

changealong the axis of rotation, while the horizontalvelocity

componentsareconstraintby ageneralisedthermalwind relation.
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Thefollowing correlationanalysisdemonstratesclearlytheimpor-

tanceof theTPPfor theconvective process. corrw(x̃; z̃) = h(w(P)w(P(x̃;z̃)) ip
hw(P)2ihw(P(x̃;z̃))2i

q = 0o Cy(500 m;W) q = 45o q = 0o Cy(1 km;W) q = 45o q = 0o Cy(500 m;U) q = 45o

Strati�cation

The mostimportantvariableto consideris of coursethe temperature.Resultsshown in the �g. to the right indicatethat strati�cation dependson the strengthof forcing

but not on the directionof the rotationvector. The �gure shows clearly that the temperaturegradientis not constant.The vertical temperaturegradientcan, indeed,be

well approximatedby a linearbehavior away from the top andbottomboundary. Of greatimportanceis alsotheobservation that in the lower 500metersthe temperature

gradientis positive whichmeans,thatthereis a countergradient�ux of heat.Thisbehavior is oftennamed“non-localtransport”andis causedby thebuoyancy transportof

theconvective plumesthatextent from thesurfaceto thebottomof thedomain.Fitting anaf�ne law to thegradientof thedepthaveragedtemperatureallows to write the

buoyancy-�ux as:
kZ(ag¶zT � g) = �

B0z
H

;

wheregdenotesthenon-localpartof the�ux. Equation(1) is takenfrom theKPPparametrization(seeLargeetal. 1994).Dimensionalanalysissuggestsk Z = k0(B0H4)1=3,

wherethedimensionlessconstantk0 = t � 1 = :1 best�ts ourdata,leadingto akZ = 40m2 s� 1 for theexperimentE01.For aconvectiondepthof 1km,andaheat-�ux of only

250Wm� 2 aneddydiffusivity of aboutkZ = 5 m2 s� 1 is obtained.In OGCMcalculationsaconstanteddydiffusivity of kZ = 10m2 s� 1, independentof depthandbuoyancy

forcing is oftenemployed,which lies in-betweenthevaluesobtainedhere.If we deducefrom the�g. to theright, thatthetemperaturegradientis zeroat about500mfrom

thegroundwecanobtainanon-local(countergradient)heat�ux of about1=7th of theheat�ux at thesurface.Dimensionalanalysisgivesg= g0(B0=H2)2=3 with g0 = 1=7.

MeanCirculation

Theequationfor thehorizontallyaveragedvelocity is givenby:

¶thui h = � ¶zhuwi h + f hvi h + n¶2
zhui h

¶thvi h = � ¶zhvwi h � f hui h + n¶2
zhvi h

Thetime derivative vanisheswhentime averages,denotedby h:i :;t, aretaken. If we furtherneglect

thedirecteffectsof viscosityweobtain:

f hvi h;t = ¶zhuwi h;t

f hui h;t = � ¶zhvwi h;t

As upward-moving �uid parcelsare de�ected north and westward and downward-moving �uid

parcelsarede�ectedsouthandeastwardby rotation,this leadsto a negative correlationof huwi h;t

and a positive correlationof hvwi h;t. This leadsto a positive velocity to a north-eastward mean

velocity in theupperkilometerof theoceanandanopposedvelocity in thedeeperpart. huwi h;t hvwi h;t hvi h;t and¶zhuwi h;t=f hui h;t and� ¶zhvwi h;t=f

Conclusion
� Thetilt of rotationvectoris moreimportantthanrotation!

� Thetilt stretchesstructuresalongtheaxisof rotation

� Thetilt generatesa localoverturningcirculation

Perspectives:
� Developaparametrisation

� Comparisonto observationsandlaboratoryexperiments
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