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OceanidDeepCorvection

A striking featureof open-oceanleepcorvectionis that, althoughit governsa substantiapart of the polevard heattransportof the atmosphere-oceaystem throughits in uence on the thermohalinecirculation, it is

neverthelesextremelylocalizedin spaceandtime. In fact, convectionchimng/s accountonly for atiny fraction of theworld oceananda convectioneventtypically lastsfor only aboutoneweek. A substantiapartof the
large-scale-long-timeceanandclimatedynamicsgs thusslavedto whathappensat thesealmostspace-timesingularities.

Openoceancorvectionis a dynamicallyvery involved processwhererotation (magnitudeanddirection),vertical accelerationstrati cation andthree-dimensionaurbulence(non-linearity)
eachplay arole of almostequalimportance.Thatis, noneof thetermsin the Boussines@quationanbe neglectedandnoneis dominant.

o 9P _ 0 We hereshaow thatnot only the magnitudeof therotationvector(asexpressedy the naturalRossbynumber)is of importancebut alsoits direction.More preciselyin the majority of numerical
calculationsconsideringoceandynamics,the traditionalapproximations emplo/ed which completelyneglectsthe horizontalcomponenbf the rotationvectorandthusits “tilt.” The deep
convectionprocesss performedby coherenstructuresplumes,of 100 meterso onekilometerin diameter We have previously demonstratethatthetilt is very importantto the dynamicsof

!

_} asingleplume . We hereemphasis@®n the dynamicsof the“tilted” cornvectionprocessn anocearnthatis cooledhomogeneouslgtits surface.The
g resultingdynamicss thatof anensemblef convective plumes.Dueto the non-linearcharacteof the convectionprocessthe dynamicsof turbulentplumeensemblesannot be dervedfrom
Tilted convection thebehaior of asingleplume.We again have to resortto numericalsimulationso determinghe basicfeaturesof turbulentcorvection.
TheModel

Physicalexperiment:We foundin numericalexperimentshata domainspanning8km in eachhorizontaldirectionallows for a sufcient space
for afew plumes,spanninga few hundredsof metersin the horizontaldirection,to descendndependently The atmospheridorcing varieson
horizontalscalesof 100to 1000kmsothatit is adaptedo usea homogeneousoolingatthe surface.An integrationrepresenting few daysof
dynamicss necessaryo accountfor thedescenbf severalplumesandto obtaina statisticallystationarydynamics(ergodicity).
Mathematicamodel:non-hydrostatidNavier-Stokesequationsf;u+ u Nu+ 2W u+ NP= agTe, + nN°u, N u= 0,¥;T+ u NT = kN?T + G:
Numericalmodel:HARmonicOceanMODel (HAROMOD)

Parameters
. L Scalin
Away from the boundarieghe dynamicsis in the “ul- J
timate stateof convection”, whereviscosityanddiffu- | - | flux de chaleur de surface | latitude Therearetwo possiblescalinglaws possiblefor the ve-
.. _ EO01 1000 W /m?2 90° _
sivity canbe neglected.We arethusleft with only two — 5 —T //m2 90° locity:
Independenhon-dimensiongbarameters: 250 W /m? 90° rotationalscaling:urg = (Bo=f)*™
. _ q B—O E31 1000 V\/'/m2 45° o
naturalRossbyRo = 5 £33 500 W /m? 45° threedimensionakcaling:usp = (BoH)*™ . exponent= 0.38
angle:q 250 W /m?2 45°

Taylor-Proudman-PoincarTheorem

The TTP states,that the vertical velocity componentdoes not
changealong the axis of rotation, while the horizontal velocity

componentareconstraintoy ageneralisedhermalwind relation.
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Thefollowing correlationanalysisdemonstrateslearlytheimpor-

tanceof the TPPfor the corvective process. corry(X;2) = pWEOWPEXD)
hw(P)2ihw(P(X;2)) i

Strati cation

The mostimportantvariableto considens of coursethe temperature Resultsshovn in the g. to theright indicatethat strati cation dependsn the strengthof forcing
but not on the directionof the rotationvector The gure shaws clearly that the temperaturegradientis not constant. The vertical temperatureggradientcan, indeed,be
well approximatedy alinearbehaior away from the top andbottomboundary Of greatimportanceas alsothe obserationthatin the lower 500 metersthe temperature
gradientis positve which meansthatthereis a countergradientux of heat.This behaior is oftennamed‘non-localtransport’andis causedy the buoyang/ transportof
the convectve plumesthat extentfrom the surfaceto the bottomof the domain. Fitting anaf ne law to the gradientof the depthaverageaemperaturallows to write the
buoyang/- ux as:
Boz

kKz(agl.T 9= —=
whereg denoteghenon-localpartof the ux. Equation(1) is takenfrom the KPP parametrizatiorfseeLarge etal. 1994). Dimensionaknalysissuggest& ; = ko(BoH*) 3,
wherethedimensionlessonstankyo=t '= :1bestts ourdata,eadingto akz = 40m?s ! for theexperimentEQ1. For acorvectiondepthof 1km, andaheat- ux of only
250Wm 2 aneddydiffusivity of aboutkz = 5m? s !is obtained.In OGCM calculationsa constaneddydiffusivity of k; = 10m? s %, independenof depthandbuoyangy
forcing is oftenemployed, which lies in-betweerthe valuesobtainednere.If we deducdrom the g. to theright, thatthetemperaturgradientis zeroat about500mfrom

the groundwe canobtaina non-local(countergradient)heat ux of aboutl=7'" of theheat ux atthesurface.Dimensionaknalysisgivesg= gy(Bo=H?)%>= with gy = 1=7.

MeanCirculation

Theequatiorfor the horizontallyaveragedvelocity is givenby:

MTihuip= Y huwp+ fhvip+ nﬂgh,llh
Tihvip= 9Shvw, fhup+ nﬂgh\ll h

Thetime derwvative vanishesvhentime averagesdenotedoy hi ., aretaken. If we furtherneglect
thedirecteffectsof viscositywe obtain:

f i hit — IZuw h;t
fui hit = T2vwi h:t

As upward-mwing uid parcelsare de ected north and westward and dovnward-mao/ing uid

parcelsarede ectedsouthandeastvard by rotation,this leadsto a negative correlationof huw

and a positive correlationof vw ;. This leadsto a positive velocity to a north-eastwrd mean

velocity in theupperkilometerof the oceanandanopposedrelocity in thedeepeipart. UW ¢ VW ¢ Vi e and T huwt . =f e and v =f
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Conclusion Perspecties:
Thetilt of rotationvectoris moreimportantthanrotation! Developa parametrisation
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