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Two approachego averagedturb ulencemodelling:

Statistical turb ulencemodelling: Convert NSE
to Friedmann-keller seriescut-off wheresuitable
andparameterisenknovn terms.

Empirical turb ulencemodelling: Close
equationn lowestorderandparameterise
relevantprocesses.
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MomentumEquation:
@it+vi@vi @Qvit 2% = — N

Reynoldsaveraging:
Vi = Vi t V%, = + +:

ReynoldsEquation:
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Thefollowing stepdeadto differenttypesof second-moment
closures:

Empiricalclosuresof pressure-strainorrelators.

Neglector simpli cation of adwectve anddiffusive ux es
of second-moments.

Neglectof rotationaltermsin the second-moment
equations.

Boundarylayerassumptiorfneglectof horizontalgradients
andnon-hydrostaticeffects).

... andmary moredetails...
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Turbulent Fluxes:
wwi =  @Qu; hwTi= J@T
Eddy Viscosity/ Eddy Diffusivity:

k2 k2
t=C( M; N)7 O_C(M, N

ShearNumber, BuoyancyNumber:

k2
M — HZMZ; N = "2N21
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Canutoetal. [2001]:
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This TKE equationwill bemodelledasit is given

above, theonly parameterisationseedecdarefor the

turbulentf lux terms for which usuallythe
down-gradientapproximations used.
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Exactform (e.g.WIcox [1998]):
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kK-" model(Launderand Spalding[1972]):

@ @ —t@ :E(C"1P+C"3B Co"):
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Generakelationbetweerk, " andL:

| = C3:4k3:

k-kL model(Mellor and Yamada[1982]):
@KkL) @(S@(kL)) =

1 ! #
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Otherapproacheareusingequationdor ! = "=k
(k-1 model),k=", k?=", ..., sowhy notusingthe
generalise@pproaclof ak""'™ equation?

Genericlengthscaleequation
(UmlaufandBurchard [2003]):
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Thisworkswithout correctiontermonly form 0.
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MLD for Canuto et al. version A
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General Ocean

Turbulence Model
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GOTM is a one-dimensional numerical model
The Idea

developed and supported by a core team of
WEWRCEWIE  ocean modellers. GOTM aims at simulating
accurately vertical exchange processes in the
marine environment where mixing_is known to
play a key role. GOTM is freely available under
QSRR the GPL (Gnu Public License).
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Fixed Floating Freely rising

How to compargheseobsenrations?
How to simulatethem???
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Obsenationsandsimulationsof T and" (Stipsetal. [2002])

LM 1995, Observed Temperature, deg C LM 1995, Simulated Temperature, deg C
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Temperature Observations

Measurements OWS Papa 1961/62T [°C]
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Heat budget

OWS Papa 1961/62
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Temperature Simulations: k-" modelwith alg.
SMC

- Simulation OWS Papa 1961/62 T[°C]
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Temperaturepro les
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SeaSurface Temperature
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Bathymetryandstationmap
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Obsewvedtemperature

PROVESS NNS, Observed Temperature, deg C
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Simulated temperature

PROVESS NNS, Simulated Temperature, 1D, deg C
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Wind andTides

Surface stress at station NNS
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Dissipation Rate Observed from FLY, lag10(W/kg) Dissipation Rate Observed from MST, log10(W/kq)
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Temperature
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Nutrients
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Phytoplankton
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Zooplankton
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Detritus
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Sectionof TemperaturandSalinity

Fig 2.a Temperature (Degrees C)
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Fig 2.b Salinity (PSU)
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Obseredandsimulatedemperatur@andsalinity

SimpsonBurchard Fisher Rippeth[2002]
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Obseredandsimulatedcurrentvelocity

SimpsonBurchard Fisher Rippeth[2002]
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Obseredandsimulateddissipationrates

SimpsonBurchard Fisher Rippeth[2002]
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General Estuarine Transport Model
(Burchard& Bolding[2002])

Generalerticalcoordinates
Horizontalcurvilinearcoordinates
UsesGOTM asturbulencemodel
Drying & ooding
PublicDomain
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Seasurfacetemperaturen Aug. 1, 1997
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Reynoldsdecompositiorprovidesa physically
soundframework for developingturbulence
models.

E

mpirical parametersallow for calibratingsuch

modelsto therealworld.

With suchmodels turbulenceis describedut not
betterunderstood.

For mixedlayers,two-equatiormodelswith

a
0

gebraicSMCsaresufcient for reproducing
nsenations.

T

nesemodelsareeconomicenoughfor using

themin 3D modelsfor oceanicapplications.
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