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Motivation
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Any chance to model this for a water column ?

Baltic Sea Research Inst_i_tute
Warneminde Physics Department Seminar, Baltic Sea Research Institute Warnemiinde, Germany, May 11, 2004 — p. 3/27




Motivation

—x
(=)

E
5120
e

@

o

(Based on viscosity profi le with surface and bottom mixed layer and
minimum at z = —10 m)
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Random walk

9,C — , (1,9,C) = 0. (1)

2 = 2P 4 0, (27) At

(4

1/2

-+ R{ZT V(2 18 V(21 At) At}

(2)
R: random process with (R) = 0 and (R?) = r.
z* . vertical position of particle ¢ at time step n.

(4
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Homogeneous concentration

Diffusivity: linear Diffusivity: logarithmic

z/m
z

v, | (m?s™1) v, | (m?s™1)
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Homogeneous concentration

Starts at: 2=-0.1; -0.2; -0.3; -0.4; -99.6; -99.7; -99.8; -99.9 m




Homogeneous concentration
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Homogeneous concentration

Starts at: 2=-0.1; -0.2; -0.3; -0.4; -99.6; -99.7; -99.8; -99.9 m

T

zIm

t/h
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Homogeneous concentration

zIm

Baltic Sea Research Inst_i_tute C / (kg m_3)
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Homogeneous concentration

Naive random walk Is consistent with (Visser [1997])
0;C — 0., (1,C) =0 (3)
which Is equivalent to
0,C — 0,(0,1C) — 0, (110.C") = 0. (4)

Thus, an advection with the advective velocity —0.,v;
(against the viscosity gradient) Is performed.
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Rouse profile

« Constant settling velocity w,
« Parabolic eddy diffusivity v,
 Reflective bottom and surface
« Steady-state solution

0,C + 9, (w.C — 110,C) = 0, (5)

with

D+ zy+ 2
D+ 2z

U = Ky (—2)

(6)
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Rouse profile

Rouse number:

(7)

(8)




Rouse profile

Concentration: linear Concentration: logarithmic

z/m
z

C' [ (kgm—3) C'/ (kgm~3)
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Rouse profile

Concentration: linear Concentration: logarithmic
Analytical Analytical
Eulerian Eulerian
Lagrangian Lagrangian
e
~~ ~~
N N
C'/ (kgm~—3) C'/ (kgm~3)
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Rouse profile
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Rouse profile

_agrangian scheme
N |10° |10* |10°
0.059 | 0.023 | 0.010

Q

Eulerian scheme
Advection scheme | upwind | TVD

o 0.011 | 0.0064
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Residence time

Evolution of Residence Time in h, Rouse no.=0.1

w,=1-10"*ms™!
we=3-10"*ms™! ——
w,=1-103ms™!

tr/h

t/h
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Residence time

Fraction left in mixed layer, Rouse no.=0.1

w,=1-10"*ms™!
w,=3-10"*ms! ——
w,=1-1073ms !
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Mussel filtration

VtaZC‘Z:_H = wa‘ wWf — Nme (9)

z=—H"’

wy:  filtration velocity
N,,: number of mussels per m? (e.g. 1000)
Ve filtration volume per mussel per hour (e.g. 18 |)

At each time step take out all particles which are
below z = —H + Atwy.
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Mussel filtration
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Mussel filtration

(r-axis: Oh <t < 12h, z-axis: -10m < z < 0m, contours: 0 < C < 1)
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Mussel filtration

Profilesatt =3 1/3;: 6 2/3: 10 h

L‘\

zIm

C | (kgm™3)
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Project: AlgalLag

® German-Japanese Cooperation
® DFG-funding 2004-2007 (Travel expenses to Japan)
® Partner: Prof. Hidekatsu Yamazaki (Tokyo University of Fisheries)
® Qbjectives:
* State-of-the-art Lagrangian model into GOTM
® Improve random walk models for turbulence interaction
® Lagrangian model for ecosystem models

® Include memory effects into Lagrangian model
® Improved parameterisations for Eulerian models
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