Intr oduction

The maintenancef the oceanicstrati cation is still an openproblem
in physicaloceanograph Variousmechanisméave beenacvancedfor
the downward transferof the densitydifferencesmposedat the sur
face.Mixing by breakinginternalgravity wavesis certainlyanimpor
tantcc the Ekmar inginducedby thewind-stress.

Fig. 1: A neutraldensitysectionalongthedateline.

The questionthatwe try to addresss whatrole, if ary, do baroclinic
mesoscaleddiesplay in themaintenancef theoceanicstrati cation.

Sofarwe have shavn that,in channel-lile geometriesheimportanceof
eddiescrucially dependon the sign of the Ekmanpumping:in regions
of Ekmandownwelling barocliniceddiesplay anessentiatole in deter
mining thestrati cation, while in regionsof upwellingeddy-production
is suppressedThese ndings suggesthat oceaniceddy parametriza-
tionsmusttake into accounthemechanicaforcing aswell asthebuoy-
ang gradient.
Our goal hereis to obtainscalingestimatedor the thermoclinedepth,
, andfor thenetheattransporin termsof theexternalparameterge.g.
small-scalamixing , thestrengthof thewindstress , therotationrate
et cetera) Although we systematicallyexplore only the dependence
on the diapycnal diffusivity and the bottom drag (the main sourceof
enepy dissipation)his is enoughto constrainour scalingsarguments.

Doubly-periodic eddy-resolvingmodel

We examinewind-drivenbaroclinic o wsonthe -planeby integrating
the primitive equationsTheareaof the 3-D domainis

km .

Thebuoyang is relatedto thetemperaturéy therelation LAt
thesurface, , we specifythe temperatur@ndthe wind-stressAt
thebottom, , weimposeno- ux. Enepgy is dissipatedy linear

bottomdrag,proportionatto the spin-davn rate, .
Thediffusivity, , isisotropicin all threedimensions.
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(xy)=(L2.L)

x=0
z=0
Fixed buoyancy b =- B cos(2py/L
tress=—t sin(2p y/L +f )
y=0
z=-H
Bottom drag, no heat flux
Fig. 2: Themodeldomain: km, m.

The zonally averagedbuoyancy

TH onallyaveragedhermoclinewhich
is differentdependingn the signof thewind-stress:
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Fig. 3: Thesurfaceforcing ®eldsfor thethermallyindirect
case, (top). Thecorrespondingneanbuoyang, ,in
colorandthepotentialvorticity, ~ , in black(bottom).
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Fig. 4: The surfaceforcing ®eldsfor the thermallydirect
case, (top). Thecorrespondingneanbuoyang, ,in
colorandthepotentialvorticity, ~ , in black(bottom).

For indirectwind-stressthe thermoclineis deepeiandpotentialvortic-
ity (pv) is consered onisothermsexceptin athin surfacelayer

For directwind-stressthe thermoclineis shallaver and pv is not con-
sened.

The buoyancybalance
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Fig. 5: The vertically and zonally integrated buoyang/
transport.
The zonally averagedbuoyang balanceis ratherdifferentfor the two
con gurations:

1.for indirect wind, meanand eddy buoyang ux es almostcancel
leaving asmallresidual;

2.for directwind, the eddy contritution is negligible, while diffusion
isimportant(e.g.the “abyssalrecipe”balance).

Direct

Indirect

For directwind, the “abyssalrecipe” balancegivesthe scalingfor the
thermoclinedepth, :

which is con rmed by computationsFor indirect wind, the adiabatic
balanceequir igeof theedd i because

Toestimate  we usetheenegy balance.

The eddy enemgy balance
Theeddy-kineticenegy balances:
Direct
Indirect
is thebottomdrag
For theusefulwind work, ,is , andthisis thesource

of available potentialenegy for the eddies while the buoyang force
contritutionis negligible.

For is , andthisis a sink of availablepotentialen-
emy, whichis balancecby the smallbuoyang work, giving riseto the
thin thermoclinefoundin gure 3 (bottom).

For indirectwind the eddy-enegy balanceallows for anestimateof the
typical barotropiceddyvelocity, ~ givenby . Thises-
timatecanbeusedin theeddybuoyany ux, i.e.” , which
leadsto thefollowing scaling:

wheretheeddy-mixinglength, , is determinedy the computations.

Fig. 6: Thethermoclinedepthasa functionof thediffusiv-
ity . Thecrossearefor directwind andthecirclesarefor
indirectwind-stressFor someruns varieswith , such
that ~ is kept®xed.Runswith thesamevalueof , but

different , producethe same in theindirectwind case.

Converselyrunswith the samevalueof , but different ,
give substantiallydifferent  for theindirectcase but not
for thedirectcase.

Implications for the heattransport,
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Fig. 7: A vertical pro®le of in the centerof thedo-

main.

The heattransportis proportionalto the buoyang transport,
~, whichobeys . Withoutamixedlayertheonly vertical
scaleof is (cf. gure 4), sothatthesurfacebuoyany ux scalesas
. This suggestshefollowing scalingfor theheattransport:

Using the previously obtainedscalingsfor we nd thatfor indirect
wind , While for directwind . As , regionsof up-
welling have muchlargerheattransport.
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Fig. 8: Thebuoyang transport, asafunctionof for all
thecomputationperformed.

Conclusion

ThereareTWO
stress.
For thermallyindirectwind-stress

dingnthesignof thewind-

1.Meanandeddybuoyany ux esnearlycancel,leaving a small dia-
baticresidual;

2. Eddyenepy dissipationis balancedy the usefulwind work.
3. Thecontritution of diffusionis negligible in thedeterminatiorof .

4. Thebuoyany andheattransportsrelinearly proportionato thedif-
fusivity,

For thermallydirectwind-stress

1. Themeanbuoyany ux balanceheatdiffusion;
2. Work by buoyang balancesheusefulwind work.
3. Theeddycontritutionis negligible.

4. Theheatandbuoyang transportsareindependentf andlargerin
regionsof upwellingthandownwelling areas.

Futur e work

We arein the procesof deriving scalinglaws for a semienclosetiasin
geometry Also we are designif ization:
thatareconsistentvith theenegy balanceTheseparametrizationsill
betestedagninsteddy-resolvingsimulations.

Thedependencen bottomdragandtheimportanceof barotropiceddy
processessuggestthat bottom relief might qualitatively changethe
statisticsof eddybuoyany ux es.Thuswe arerunninga suite of ex-
perimentsvherethis conjectures tested andquantitatiely assessed.

Acknowledgments

@ Thisresearctis supportecby DOE with computationatapa-

(e’

bilities providedby NCCSat ORNL.




