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Average dust deposition (g/m?/year)
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Iron Enrichment Studies
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External nitrogen supply l. ‘
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Evolving Questions on Atmospheric Inputs

Overlay of natural variability on anthropogenic trends

Composition, bioavailability & stoichiometry (Fe, P, N, etc.)
« source variations (e.g., soils, combustion, agriculture)
« atmospheric chemistry
« other trace elements
e organic compounds & ligands

Relative balance of atmospheric & other sources
* rivers, sediments, volcanoes & hydrothermal
« internal ocean recycling & physical transport

Sensitivity of HNLC versus LNLC ocean regions

Metrics beyond chlorophyll and primary production
» N fixation, community composition, export magnitude &
quality, trace gases, acidification, etc.
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Estimated relative dustiness
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Altitude (km)

Orthogonal Polarization (CALIOP)

5N

. CALIOP UDF

i u CALIOP LDF
u MODIS 55

I I I I I I

60 50 40 30 20 10 0 -10
Dust Flux (Tg)

10
Dust Flux

20
(Tg km™)

% Yu et al. Remote Sensing Environment 2015



Variations in Dust Composition

"%‘W ;
"%’W 2

0

-40
_on

90
45
0
-45

.90
0

Ms
L3

90
45 |
o™ -
45 - - H 6

g0 S -

0 a0 180 270 3680

Zhang, Mahowald, et al. Biogeosciences Discussions 2014

P
90 s . Wo.14
43 ? - 012
0 10.1
-45 0.08
90 0.06
0
e 033
45 02
0 [ . 1 018
-45 ] 016

90,
45

-45
90 =
]

LWU

an 180

W
-J)



. .
‘Combustion _ Gopisten FoSouce romze)

ms Ll L l L Ll I T Ll I Ll L I L) Ll ll IIIIII L) l Ll T l L) L) I L) Ll I LI
180 150W 120W 90W 60W 30W 0 30E 60E 90E 120E 150E 180

[ T [ [ [T

001 005 0.1 02 05 1 2 5

Ratio of Current to Preindustrial Soluble Iron

90N

Luo et al.
180 150W 120W 90w 60W 30w o 30E 6oE 9oE 120e 150e 180  (Global Biogeochemical Cycles

908

[T T 07 T T T 2008

05 08 1 1.2 15 2 5 8




180°

1200W  60°W o 60°E 120°E  180°

e . .- - - -~ - - -

gy -

T TR BB

‘—}.\F:\:‘-;\ti\. 7\ l 1/ ,'/ P . .«'i/,/ /:/;-.““_
180° 120°W  60°W o 60°E 120°E  180°

0 7501,500 3,000 4500 A‘E 0 N o3-1 5 1-1.194
W i

e NautiCal Mi
NeLEcH bnee B 1-02[11-5

-

Wang et al. Environ. Sci. Technol. 2008.



Iron From Volcanic Ash
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Dust, Iron & Atmospheric Transformations
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100 - Soluble iron from atmospheric processing

Total soluble Fe by atm. processing (ng/m2/s)
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Organic & Inorganic C, N & P emissions
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Re-evaluating Dust-lron-Phytoplankton Bloom Links
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N* increase rate (mmol N m 2 yr _')
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Fe utilization (umol m?a")
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Evolving Questions on Atmospheric Inputs

Overlay of natural variability on anthropogenic trends

Composition, bioavailability & stoichiometry (Fe, P, N, etc.)
« source variations (e.g., soils, combustion, agriculture)
« atmospheric chemistry
« other trace elements
e organic compounds & ligands

Relative balance of atmospheric & other sources
* rivers, sediments, volcanoes & hydrothermal
« internal ocean recycling & physical transport

Sensitivity of HNLC versus LNLC ocean regions

Metrics beyond chlorophyll and primary production
» N fixation, community composition, export magnitude &
quality, trace gases, acidification, etc.




Atmospheric Nutrient Deposition: Impacts on
Marine Ecosystem & Biogeochemical Cycles

Fabien Paulot: Global oceanic emission of ammonia: Constraints
from seawater and atmospheric observations

Meredith Hastings: Stable isotopes as tracers of anthropogenic
nitrogen sources, deposition, and impacts

Ray Najjar: Deposition of Atmospheric Nitrogen to Coastal
Ecosystems (DANCE): a study in seasonally oligotrophic waters
off the eastern U.S.

J. Keith Moore: Impacts of atmospheric nutrient deposition
(N, P, Fe) on marine productivity and the CO, system

Alex Baker: Atmospheric and marine controls on aerosol iron
solubility and bioavailability in seawater

Adina Paytan: Aerosols and trace metal toxicity
Discussion on potential SOLAS-OCB partnering
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SOLAS Mid-Term White papers

Atmospheric control of nutrient cycling and
production in the surface ocean

Dust in Earth System context
(Jickells et al. Science 2005)

Synthesis of mesoscale iron enrichments
(Boyd et al. Science 2007)

Anthropogenic atmospheric N—impact on ocean
(Duce et al. Science 2008)




