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Arkona Sea map
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Dense bottom plume
South-north section south of Drogden Sill
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How can we simulate this numerically ?
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Major Model Requirements

High-order turbulence models for good representation of
vertical mixing.

Bottom-�tted coordinates for better representation of
near-bottom �ows.

Monotone high-order advection schemes for better
representation of fronts and strati�cation.

It will be suf�cient here, to use a hydrostatic model (i.e. no
vertical acceleration) with Boussineq approximation (i.e.
calculate velocities instead of momentum).
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Turbulence modelling principles
Two-equation models with TKE-equation and length
scale related equation (e.g. dissipation rate, turbulence
frequency, generic equation).

Algebraic second-moment closure for e.g. h~w2i , h~u ~wi

Calibration of empirical parameters by physical
considerations (e.g. freely decaying turbulence,
steady-state Richardson number of 1/4, . . . ).

Boundary conditions from law of the wall or from
turbulence injection (breaking surface waves).

Turbulence module used by GETM is from the water
column model GOTM (General Ocean Turbulence
Model, see www.gotm.net ).

See Umlauf and Burchard (CSR 2005) for details and references.
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Liverpool Bay: tidal straining

Observed and simulated temperature and dissipation rate
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General vertical coordinates

-60

-50

-40

-30

-20

-10

0

0 50 100 150 200 250
x / nm

upper 
 -coordinates, du = 5 , dl = 1:5

-60

-50

-40

-30

-20

-10

0

0 50 100 150 200 250
x / nm

lower 
 -coordinates, du = 1:5, dl = 5

-60

-50

-40

-30

-20

-10

0

0 50 100 150 200 250
x / nm

symmetric 
 -coordinates, du = 1:5, dl = 1:5

-60

-50

-40

-30

-20

-10

0

0 50 100 150 200 250
x / nm

symmetric 
 -coordinates, du = 5 , dl = 5

Coastal Processes Workshop, Liverpool, U.K., September 7-9, 2005 – p. 8/28



Advection schemes

GETM has implemented various different advection
schemes for tracers and momentum (turbulence advection
under development).

One-dimensional schemes are used in directional-split
mode (Pietrzak 1998).

These schemes are e.g. First-order upstream,
ULTIMATE QUICKEST and the TVD-schemes
Superbee, MUSCL and P2-PDM.

Iteration of vertical advection (CFL-criterium).

As 2D-horizontal schemes we have �rst-order upstream
and FCT, which may be combined with vertical 1D
scheme.
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Freshwater eddy I
Left: surface salinity and current vectors; right: bottom current vectors.
Momentum advection: multidimensional upwind scheme.

Salinity advection: TVD-Superbee directional-split scheme.
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Freshwater eddy II
Left: surface salinity and current vectors; right: bottom current vectors.
Momentum advection: TVD-Superbee directional-split scheme.

Salinity advection: TVD-Superbee directional-split scheme.
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Idealised simulation

Idealised simulations with the General Estuarine Transport
Model (GETM) are carried out for the Arkona Sea.

Some speci�cations:

Backround salinity: 8 psu, salinity at in�ow: 25 psu.

Sea level elevated by 2 cm at in�ow boundary.

Constant wind from south-west.

1/2 nm horizontal resolution.

Bottom-�tted general vertical coordinates with 25 layers.

One month simulation time until quasi-steady state.
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Idealised simulation
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Idealised simulation
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Idealised simulation

11Ê 12Ê 13Ê 14Ê

54Ê

55Ê

56Ê

11Ê 12Ê 13Ê 14Ê

54Ê

55Ê

56Ê

11Ê 12Ê 13Ê 14Ê

54Ê

55Ê

56Ê

8

10

12

14

16

18

20

22

24

Longitude

La
tit

ud
e

S / psu

Bottom salinity after 30 days

Simulation with GETM

Coastal Processes Workshop, Liverpool, U.K., September 7-9, 2005 – p. 15/28



Idealised simulation
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FWG cruise

Water mass �ux and current velocity during FWG cruise
(Jan 26 to Feb 13, 2004):
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Observed & simulated plume

South-north section south of Drogden Sill
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Observed & simulated plume

South-north section south of Drogden Sill
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Observed & simulated plume

South-north section across Kriegers Shoal
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Observed & simulated plume

South-north section across Kriegers Shoal
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24-hour station data

Lars Arneborg & Hans Burchard operating the microstructure pro�ler by hand.
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Observed & simulated pro�les

Position: North of Kriegers Shoal
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Observed & simulated pro�les

Position: North of Kriegers Shoal
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Realistic simulation

Model domain: From Kattegat to Bornholm Basin (see above).

Simulation period: September 2003 - February 2004.

Slightly smoothed 1/2 nm resolution model bathymetry.

Initialisation and lateral boundary conditions for T, S and sea level
from 3 nm-resolution Baltic Sea simulation with MOM-3.

Surface forcing from German Weather Service (DWD) coarse
resolution forcing (calculating �uxes by means of bulk form ulae)

Bottom-�tted general vertical coordinates with 50 layers.
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Meteo forcing

This model simulation is forced by coarse resolution meteo forcing
from DWD (GM - Global Model).

Future simulations will be forced by high-resolution forcing from DWD
(LM - Local Model).
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Domain decomposition
Quantas 0.5 x 0.5 nm model domains
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These 18 subdomains are distributed to 8 processors of a
Linux-Cluster by means of some load balancing algorithm developed
by Bjarne Büchmann (Copenhagen).
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Major future developments

Representation of oscillating bottom boundary layer
(enhanced turbulence due to wave friction in shallow
water).

Adaptive vertical coordinates (see Burchard and
Beckers, Ocean Modelling 2004).

Two-way nesting (under development).

Ecosystem modelling via GOTM-BIO (under
development).

. . .
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