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INTRODUCTION

By itself, the heatingand cooling of the oceansurfacewould only be be capableof driving a signi cant o w in a thin

surfacelayer ("Sandstroms theorem"). The o w belaw this layer mustbe mechanicallydriven, and the two possible
source®f mechanicaknegy arethewindsandthetides[1]. In the mainthermocline the winds play adominatingrole,

mainly via Ekmanpumping,but in the abyssbelow, thetidesareprobablymoreimportant.

Whentidal currentsencounteroughtopographyon the bottomof the ocean nternalwavesarecreatedandwhenthese
wavessteeperandbreakthroughnonlinearinteractionsthey causevertical mixing. This mixing is whatdrivesthe deep
circulation. It is thereforeof greatinterestto calculatetheenegy ux from thetidesto theinternalwave eld.

THEORY

A generalexpressiorfor thetotalenegy ux  to theinternalwaveshasbeenderived by Bell [2] andLlewellyn Smith
andYoung|3]:
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and is givenby asimilar expressiorwith replacecdy and by .Here denoteshemeandensityof sea
water thebuoyang frequeng, theCoriolis parameter theangularfrequeng of thetide,and and

. Thevelocities and arethemajorandminoraxesof thetidal ellipse,respectiely, andthe -axishasbeen
choserto lie alongthe majoraxis. denoteghe Fouriertransformof the bottomtopography:

where

In eq.(2) thetotal enegy ux hasbeenwritten asanintegral over spectralspace.Equivalently, it may be written asan
integral over real space.The productof the two functions and in spectralspacethentranslatego a convolution
integral betweerthetwo correspondingnversetransforms, and , respectiely. We obtain
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wheretheenegy ux densityis givenby

e (4)

A numberof simplifying assumptionsvere madein the derivationof eq.(2). The o w wasassumedo be hydrostatic,
the buoyang frequeng uniform, the tidal excursionmuch smallerthanthe horizontalscaleof the topographyandthe
bottomslopesubcritical(which is necessaryor thelinearwave theoryto bevalid). Finally, the oceanvasassumedo be
in nitely deep.Theassumptionsf vertically uniform  andin nite depthwereremovedin arecentstudyby Llwellyn
SmithandYoung[3]. In anocearof nite depththeinternalwavescanbeexpressedsadiscreteseriesof verticalmodes.
The mostessentiakffect of this is thatthe wave generatiorby topographicscaledongerthanthe horizontalwavelength
of the rst modeis suppressedThe criterionfor this to occurcanbe written , Wwhere isthe
topographicscaleand the oceandepth.For verticallly nonuniform , WKB-analysisshovsthat  in this expression
shouldbereplacedvy its verticalaverage , i.e. we replace by
In numericalcalculationsiit is |mpract|calto usethe exact expression mvolvmg anin nite series. We thereforetake
the nite depthinto accountin anapproximatevay, by multiplying the integrandin eq. (2) by a spectrahigh-passiter

, with the properties for and for . The cutoff length is proportionalto the
wavelengthof the rst mode.Both arational lter anda Gaussianlter have
beentried, with very little differencein theresults.
After inverseFouriertransformationthe effect of the high-passilter is thatthefunction in theintegrandof eq.(4) is
replacedby the corvolution of andtheinverseFouriertransformof the Iter function . Denotingtheresultof this
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Figure 1. Logarithmof the enegy ux densityin W/m from the M2 tide to internal wavesin the Brazil Basin (e.g. -3 means
10 Wim).

convolution , theresulting nal expressiorfor the ux densityis
—— — ®)
where  isthebuoyang frequeng atthe bottom. Thefunction is approximatelyequalto for , while
for . For therationalandGaussianliter functionsusedhere, canbeexpressednalyticallyin terms

of integralsof Bessefunctions.The cutoff length is de ned by

where is a numericalcoefcient of orderunity thatis determinedoy by comparisorwith ananalyticallysolvabletest
problemwith a simple ridge topography The contrikbution from the minor tidal components given by a similar
expressioraseq.(5),with , and replacecby , and ,respectiely.

RESULTS

Theenegy ux density is calculatechumericallyfrom eq.(5) andthe correspondingquationfor . In
orderto evaluate in onepoint,onemustintegrateoveraregion arouncthis point. Since decreasempidly beyond
thecutoff length , theintegralwastruncatecatadistance from theevaluationpoint. For therealocean, is typically
afew tensof kilometersor less.Overthislengthscale, , and canbeconsideredorizontallyuniform,asassumed
in thederivationof eq.(2). (Thisissuewould be moreproblematiaf a calculationin spectrakpacevereattempted.)
The input datausedin the calculationswere the Smith and Sandwellbottom topographywith a nominal resolutionof
1/30 deggrees,the Egberttidal velocities, and the buoyang frequeny obtainedfrom the SAC hydrographicdatabase.
Calculationgor theglobalocearareundervay, but have notyetbeencompleted Resultsor theBrazil Basinareshavn in
Fig. 1. Thecalculatedotalenegy ux for theM2 tide overtheareashavnis approximatel\26 GW. Themainuncertainty
is dueto unresohedtopography It canbeenseenfrom othercalculationswith anadditionallow-passlter thatmostof
theenepgy ux is generatedy topographicscalesbelonv 10 km, andit thereforeseemsvery likely thata largerenegy
ux would be obtainedwith a highertopographiaesolution.Anotheruncertaintyis the effect of supercriticaklope.For
the areashown in the gure, thetotal enegy ux from pointswherethe slopeis supercritical(andthe theorytherefore
urvalid) is approximatelyl2 GW.
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