Dust deposition over the
Southern Ocean:
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Schlitzer, 2000

The open ocean is rtant sink of carbon
Strong contribution southern latitudes
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[Nltrotes] in sea- surfoce (nmolN m3)

Limited by micronutrients
supplies

NOAA World Ocean Atlas

[Phy’roplcmkton plgmen’r]
(Chlorophyll) (mg.m’ )

NASA/GSFC
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Atmospheric deposition

Deep ocean diffusion

Andrew Bowie et al.
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Emission Transport .
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What is the atmospheric flux'of dust derived
micronutrients that reaches the remote Southern Ocean?@
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Atmosphérique d'Origine Continentale sur I'Océan Austral »

Crozet Kerguelen islands
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Measurements of trace metals
Two-year sampling
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Bi-monthly sampling
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helium
2
He
4.0026
berylium fluorine neon
4 9 10
Be F | Ne
9.0122 18.998 20.180
chlorine argon
17 18
Cl | Ar
35453 39.948
scandium bromine krypton
35 36
Br | Kr
79.904 83.80
witrium Zirconium niobium technetium ruthenium rhodium palladium cadmium iodine Xenon
39 41 44 45 46 52 53 54
Y | Zr | Nb Tc|Ru|Rh|Pd|Ag|Cd Te| | | Xe
88.906 91.224 92.906 [28] 101.07 102.91 106.42 107.87 112.41 127.60 126.90 131.29
caesium lutetium hafnium tantalum tungsten rhenium asmium iridium platinum qold mercury thallium polonium astatine radon
57-70 71 72 73 74 75 76 77 78 79 80 81 84 85 86
* |Lu{Hf [ Ta| W |Re|Os| Ir | Pt | Au|Hg| TI Po| At | Rn
174.97 178.49 180.95 183.84 186.21 190,23 192.22 195.08 196.97 200.59 204.38 [209) [210] [222]
lawrencium | rutherfordium| — dubnium seaborgium bohrium hassium meitnerium | ununnilium | unununiom | ununbiom ununguadium
89-102 103 104 105 106 107 108 109 110 111 112 114
*%| Lr | Rf | Db | Sg | Bh| Hs | Mt (Uun|UuuUub Uuq
[262] [261] [262] [266] [264] [269] [268] [271] [272] [277] 289
praseodymiu promethium | samarium europium gadolinium terbium dysprosium holmium erbium thulium yiterbium
59 61 62 63 64 65 67 68 69 70
Pr Pm| Sm|Eu|Gd|Tb(Dy|Ho| Er [Tm| Yb
140.91 [145] 150.36 151.96 1567.25 158.93 162.50 164.93 167.26 168.93 173.04
actinium thorium protactinium neptunium plutonium americium curium berkelium californium | einsteinium fermium | mendelevium| nobelium
89 90 91 93 94 95 96 97 98 99 100 101 102
Np| Pu|Am|Cm| Bk | Cf | Es |Fm|Md| No
[237] [244] [243] [247] [247] [251] [252] [257] [258] [2559]




Filtration at ground level
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“ Bi-monthly sampling
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AA‘nolyzed by X ray
fluorescence spectrometry
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Accumulated iron flux at Kerguelen for 2009-2010 (nmol.m2)
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Averaged iron flux at Kerguelen over 2009-2010:
540 nmol.m2.d"!
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Accumulated iron fluxes at Crozet for 2010 (nmol.m2)
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Averaged iron flux at Crozet:
480 nmol.m2.d! (Ker: 540 nmol.m'z.d'])
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From atmospheric dust transport model

000 o020 G&0 100 280 600 0. 20, S0
Estimated Fe flux (3,5% Taylor & Mc Lennan, 1985):

< 360 nmol.m2.d"! <«
[Jickells et al., 2005)

Method Results
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Indirect measures

Calculation from:
® measured surface aerosol concentrations at sea level,
@® dry deposition velocity,

@ scavenging ratio for rain deposition (Lo et al, 2003; et Tegen et al, 2002)

—
/ I:dry = cclir . Vcleposition

Ftotal = I:dry + I:wet

\_/ Foet = Cyir - SR . rainfall

15-45 nmol.m2.d"!
(Wagener et al., 2008)




/////////FlrST COﬂC|USiOﬂW////W%//%//////////W////WWWW%//W///%

< 360 nmolFe.m2.d"! &~ 540 nmolFe.m=2.d"!

Slight underestimation of the model

15-45 nmolFe.m?.d! « 540 nmolFe.m2.d"!

Indirect measures inadequate
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I:dry deposition = Cc:ir . Vcleposition

Dry deposition velocity over the Southern Ocean :

V, = 1-3 Cm.S'] (Ezat and Dulac, 1995; Wagener et al, 2008)
d

Wagener
FLATOCOA | ¢t al, 2008
Air iron
concentration | 4 8¢ +1,75 | 1,00 = 0,49
(ng.m™)
mediane £ SD
Irondry | |eaaooo.,
deposition . 20-60 31 11
(nmol.m'Q.d'] ) |-t
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Wagener
FLATOCOA | ; al 2008
Air iron
concentr%hon 1,86 1,75 | 1,00 +0,49
(ng.m™)
mediane + SD
Iron dry
depOSI!'ZIOI'!] < 10% > 50 %
(nmol.m~.d')

of total deposition

Discrepancy on total deposition comes from wet deposition
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Wagener
FLATOCOA | &t al, 2008

Air iron
conceni'r%hon 186 +1,75| 1,00 = 0,49

(ng.m™)

mediane = SD

Rainfall 2 _13 31 £03

(mm.d') ' ,

i, rain’ pair

Not applicable : scavenging ratio  SR=

i, aerosol
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Scavenging ratio of atmospheric dust

C. ..p.
SR: l, rain pa:r

C

SR i, aerosol

Experimental SR
kg/kg 25000 : B
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Scavenging ratio of atmospheric dust
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Strong dust gradient from ground to high altitude
Flux controlled by dust amounts at altitude
Deposition area



wProbable dust transport and deposition behaviourzz

Transport over clouds

| Savengd byroinmh faster than
mixed in the boundary layer
Significantly effective mechanism

ssue Method F Results '
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® First direct validated measurements of atmospheric deposition over the Southern
Ocean:
Kerguelen: 540 nmolFe.m2.d"!
Crozet : 490 nmolFe.m2.d"!
Low gradient of atmospheric flux between Kerguelen and Crozet islands:
possible extrapolation over a large area.

® Atmospheric models seem slightly underestimated fluxes over the
Southern Ocean.

® Indirect measures (scavenging ratio, aerosol concentration at groung level)

underestimate strongly dust depostion: aerosols near the surface is not
representative of the atmospheric column.

m [Ssue r Method r Results f
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® Prospective:

Global dust transport and deposition validated data over the Southern Ocean
including solubility of iron et al. .

® Requiered:
eSolubility in Kerguelen rain water,
eUncertainty of measured deposition using duplicate sampling and variability on
the both sites,
®Source region investigation: Patagonia,
eVery long transport using CO satellite data as continetal air masses tracker
eTuning a global dust model.

m [Ss0e r Method r Results f
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Accumulated iron fluxes at Kerguelen and Crozet for 2010 (nmol.m)
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