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Observations

Figure:
Stations of the cruises used for the aluminium data
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Model description

Model used: NEMO GCM with biogeochemical
component PISCES
PISCES with the added Al tracers (Aldiss and Alpart) is
run offline
Forced by the physics of NEMO (2◦, 5-daily average)
Forced with atmosphere–ocean dust flux (2◦, monthly
average)
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Model scheme
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Model equations

The adsorbed aluminium Alpart is modelled to go to an
equilibrium concentration according to

dAlpart

dt
= κ(AlEQ

part − Alpart) , (1)

where κ is the Al scavenging rate constant.

The equilibrium concentration of Alpart is given by

AlEQ
part = kdAldissCopal , (2)

with kd the partition coefficient.1

1[Gehlen et al., 2003]
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Forcing: physical fields

Figure: Velocity (m/s) at surface, yearly average
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Forcing: dust flux

Figure: Dust deposition at ocean surface
[Andersen et al., 1998]
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Computation of steady state

Figure: Dissolved aluminium budget in the world ocean
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Comparison with observations (1)

Figure: Surface Aldiss observations plotted over model output
(nM), after a spin-up run of 2500 years
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Comparison with observations (2)

Figure: Aldiss observations plotted over model output (nM), after
a spin-up run of 2500 years
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Parameter sensitivity

Consequences of specific parameter and model changes:

Partition coefficient kd : increase ( AlEQ
part = kd AldissCopal )

→ significant decrease of Aldiss, especially in SO

Inclusion aluminium incorporation into diatoms:
→ recycling of Al at surface areas, mostly in Atlantic
Change to another dust flux: [Aumont et al., 2008]
(similar to [Jickells et al., 2005])
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New experiment: dust deposition

Figure: Dust deposition at ocean surface [Aumont et al., 2008]
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New experiment: results (1)

Figure: Dissolved aluminium measurements plotted over
observations (nM), surface, kd × 4, new dust flux
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New experiment: results (2)

Figure: Comparison of Aldiss(nM) between the two runs
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New experiment: results (3)

Figure: West Atlantic Aldiss: model (top), observations (bottom)
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Seasonal cycle (1)

Figure: Seasonal difference of Aldiss compared to yearly
average (%)
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Seasonal cycle (2)

Figure: Aldiss in the Weddell Sea plotted against the months of
a model year
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Seasonal cycle (3)

Figure: March observations of Aldiss (nM) plotted on March
model output:

Figure: March observations of Aldiss (nM) plotted on September
model output:
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Seasonal cycle (3)

Figure: March observations of Aldiss (nM) plotted on March
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Figure: March observations of Aldiss (nM) plotted on September
model output:
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Conclusions and outlook

Spatial patterns of model output look similar to
observations, but absolute values are too high in SO
and Pacific and too low in Atlantic
Increase of kd results in more realistic concentrations
in SO and Pacific, but worse in central Atlantic
surface and Mediterranean
There is a seasonal cycle for aluminium in the model
More runs with different parameter settings are in
progress
A diatom incorporation model is in development
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A1. Cruise data used

Cruise Location Source
ARKXXII Arctic [Middag et al., 2009]
ANT24-3 Antarctic [Middag, 2010]
Test cruise North Atlantic Middag et al.
PE319/321 North Atlantic Middag et al.
JC057 South Atlantic Middag et al.
IOC90 East Atlantic [Measures, 1995]
IOC96 Centre-south Atlantic [Vink and Measures, 2001]
Meteor North-east Atlantic [Kremling, 1985]
Pelagia 2002 North-east Atlantic [Kramer et al., 2004]
EUCFe Equatorial Pacific [Slemons et al., 2010]
MC-80 South Pacific [Orians and Bruland, 1986]
VERTEX North Pacific [Orians and Bruland, 1986]
Hakuho-maro East Indian [Obata et al., 2007]
Discovery Mediterranean [Chou and Wollast, 1997]
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A2. Stations

Figure: Stations of the cruises used for the aluminium data
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A3. Aluminium and opal

Figure: West Atlantic, Aldiss (top), opal (bottom)
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A4. New model with incorporation

dAldiatom

dt
= ξ · growth −

Aldiatom

Sidiatom
· (resp + mort + aggr + grazing) (3)

dAlopal

dt
=

Aldiatom

Sidiatom
· (mort + aggr + grazing) −

Alopal

Siopal
· (diss + sinking) (4)

dAldis

dt
= −ξ · growth +

Aldiatom

Sidiatom
· resp +

Alopal

Siopal
· diss − κ(AlEQ

ad − Alad) (5)

dAlad

dt
= κ(AlEQ

ad − Alad) (6)

with the hypothetical equilibrium adsorption term as follows:

AlEQ
ad = kadAldis(Siopal + Sidiatom) . (7)

Aluminium incorporation could stop at some point, given by rmax, so ξ in equations 3 and 5 is defined by:

ξ = min

 
kin ·

Aldis

Sidis
, rmax

!

with rmax the maximum Al:Si incorporation ratio.
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