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Program of presentation

� NSE� ! Two-equationclosuremodels
� Two-equationclosuremodels
� GeneralOceanTurbulenceModel (GOTM)
� Examples(observationsversussimulations)
� GeneralEstuarineTransportModel (GETM)
� Three-dimensionalmodelstudy
� Conclusions
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Basicapproaches

Two approachesto averagedturb ulencemodelling:

� Statistical turb ulencemodelling: ConvertNSE
to Friedmann-Kellerseries,cut-off wheresuitable
andparameteriseunknown terms.

� Empirical turb ulencemodelling: Close
equationson lowestorderandparameterise
relevantprocesses.
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NSE! Reynoldsequation
MomentumEquation:

@tvi + vj @j vi � � @j j vi + 2" ij l 
 j vl = �
@i p
� 0

�
gi

� 0
�:

Reynoldsaveraging:

vi = �vi + ~vi ; � = �� + ~�; : : :

ReynoldsEquation:

@t �vi + �vj @j �vi � @j (� @j �vi � h~vj ~vi i )+2 " ij l 
 j �vl = �
@i �p
� 0

� gi
��

� 0
:
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ReynoldsStressEquation

@th~vi ~vj i + @l

�
�vlh~vi ~vj i + h~vl ~vi ~vj i � � @lh~vi ~vj i

�

= � @l �vi h~vl ~vj i � @l �vj h~vl ~vi i| {z }
Pij

� 2
 l (" il mh~vj ~vm i + " j lmh~vi ~vm i )
| {z }


 ij

�
1
� 0

f gi h~vj ~� i + gj h~vi ~� ig
| {z }

B ij

�
1
� 0

(h~vi @j ~p + ~vj @i ~pi )
| {z }

� ij

� 2� h(@l ~vj )(@l ~vi )i| {z }
" ij

:
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Algebraic SMCs
Thefollowing stepsleadto differenttypesof second-moment
closures:

� Empiricalclosuresof pressure-straincorrelators.

� Neglector simpli�cation of advective anddiffusive �ux es
of second-moments.

� Neglectof rotationaltermsin thesecond-moment
equations.

� Boundarylayerassumption(neglectof horizontalgradients
andnon-hydrostaticeffects).

� ... andmany moredetails...
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Algebraic SMCs
Turbulent Fluxes:

h~u ~wi = � � t@z�u; h~w ~Ti = � � 0
t@z

�T

Eddy Viscosity/ Eddy Diffusivity:

� t = c� (� M ; � N )
k2

"
; � 0

t = c0
� (� M ; � N )

k2

"
:

ShearNumber, BuoyancyNumber:

� M =
k2

"2 M 2; � N =
k2

"2 N 2:
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Stability Functions
Canutoetal. [2001]:
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Exact TKE-Equation

@tk + @j

�
�vj k + h~vj

1
2~v2

i i � � @j k + 1
� 0

h~vj ~pi
�

= �h ~vj ~vi i @i �vj| {z }
P

� g
� 0

h~v3~� i
| {z }

B

� � h(@j ~vi )2i
| {z }

"

;

ThisTKE equationwill bemodelledasit is given
above, theonly parameterisationsneededarefor the
turbulentf lux terms, for whichusuallythe
down-gradientapproximationis used.
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Dissipationequation
Exactform (e.g.Wilcox [1998]):

@t " + @j

�
�vj " + h~vj � (@j ~vi )2i � � @j " + 2 �

� 0
h@i ~vj @i ~pi

�

= � 2� @j �vi

�
h@i ~vk @j ~vk i + h@k ~vi @k ~vj i

�
� 2� @j k �vi h~vk @j ~vi i

| {z }
P"

� 2� g
� 0

@j h~v3@j ~� i
| {z }

B "

� 2�
�
h@j ~vi @k ~vi @j ~vk i + � h(@ij ~vk )2i

�

| {z }
" "

(1)

k-" model(LaunderandSpalding[1972]):

@t" � @z

�
� t

� "
@z"

�
=

"
k

(c"1P + c"3B � c"2" ) :
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Mellor -Yamadamodel
Generalrelationbetweenk, " andL:

L = c3=4
�

k3=2

"

k-kL model(Mellor andYamada[1982]):

@t (kL) � @z (Sl @z(kL)) =

L
2

"

E1P + E3B �

 

1 + E2

�
L
Lz

� 2
!

"

#

:
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Length scaleequations(cont'd)
Otherapproachesareusingequationsfor ! = "=k
(k-! model),k=", k2=", ..., sowhy notusingthe
generalisedapproachof akn"m equation?

Genericlengthscaleequation
(UmlaufandBurchard [2003]):

@t (kn"m) � @z

�
� t

� nm
kn"m

�
=

kn� 1"m (cnm1P + cnm3B � cnm2")

Thisworkswithout correctiontermonly for m � 0.
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Total equilibrium (k-")

Ri = Rst
i =

c�

c0
�

�
c2" � c1"

c2" � c3"
:

Rst
i � 0:25: Steady-stateRichardsonnumber.
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Kato-Phillips experiment
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Total equilibrium (k-kL)

Ri = Rst
i =

K M

K H
�

1 � E1

1 � E3
:

Rst
i � 0:25: Steady-stateRichardsonnumber.
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GOTM, http://www.gotm.net

 

Challenge

Aim

The Idea

Key features

Software

Fortran code

Test cases

Forcing

How to run?

Information

What©s 

Publications

E-mail list

FAQ

User Group

Hot Links

Who©s Who?

Guestbook

  PPM:

10/26/00 20:48:54 

New

GOTM is a one-dimensional numerical model
developed and supported by a core team  of
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
the GPL (Gnu Public License). 

The interested user can download the source
code , a set of test cases  (Papa, November, Flex,
...) and a comprehensive report . 

You are warmly invited to join the GOTM mailing
list  and send any comments/questions to the
GOTM team or become a GOTM contributor . The
GOTM developers are grateful to their sponsors . 

Page "www.gotm.net" maintained by webmaster. Last update: 10/28/00 18:10:02 
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Turbulenceunder waves

How to comparetheseobservations?
How to simulatethem???
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Breakingwaves: Simulations
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FreeConvection
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Geographicaloverview
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Lago Maggiore, Italy
Observationsandsimulationsof T and" (Stipsetal. [2002])
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OpenOcean:OWS Papa
TemperatureObservations
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OpenOcean:OWS Papa
Heat budget
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OpenOcean:OWS Papa
TemperatureSimulations: k-" modelwith alg.

SMC
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OpenOcean:OWS Papa
Temperaturepro�les
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OpenOcean:OWS Papa
SeaSurfaceTemperature
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Northern North Sea
Bathymetryandstationmap
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Northern North Sea
Observed temperature
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Northern North Sea
Simulated temperature

SeminaratBjerknesCentre,October16,2003,Bergen,Norway – p. 29/44



Northern North Sea
Wind andTides
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Northern North Sea
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NPZD model in GOTM

Temperature
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NPZD model in GOTM

Nutrients
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NPZD model in GOTM

Phytoplankton
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NPZD model in GOTM

Zooplankton
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NPZD model in GOTM

Detritus
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Li verpool Bay
Sectionof TemperatureandSalinity
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Li verpool Bay
Observedandsimulatedtemperatureandsalinity

Simpson,Burchard,Fisher, Rippeth[2002]
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Li verpool Bay
Observedandsimulatedcurrentvelocity

Simpson,Burchard,Fisher, Rippeth[2002]

SeminaratBjerknesCentre,October16,2003,Bergen,Norway – p. 39/44



Li verpool Bay
Observedandsimulateddissipationrates

Simpson,Burchard,Fisher, Rippeth[2002]
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GETM

GeneralEstuarine Transport Model
(Burchard& Bolding [2002])

� Generalverticalcoordinates
� Horizontalcurvilinearcoordinates
� UsesGOTM asturbulencemodel
� Drying & � ooding
� PublicDomain
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North Seasimulation
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Conclusions

� Reynoldsdecompositionprovidesa physically
soundframework for developingturbulence
models.

� Empiricalparametersallow for calibratingsuch
modelsto therealworld.

� With suchmodels,turbulenceis describedbut not
betterunderstood.

� For mixedlayers,two-equationmodelswith
algebraicSMCsaresuf�cient for reproducing
observations.

� Thesemodelsareeconomicenoughfor using
themin 3D modelsfor oceanicapplications.
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