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OBJECTIVE: Explore the sensitivity of the main iron solubilization pathways to different emission scenarios
and climate conditions.

(&)EARTH3-I ron Fe tracers for the different sources:

- e Fe-dust (soil mineralogical composition information)
e Fe-piomass burning

e Fe-anthropogenic combustion

Acidity calculations (where dust mineralogy is taken
(Myriokefalitakis et al. 2022) INto accou ﬂt)

A comprehensive agueous phase chemistry
scheme

@ An explicit description of
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OBJECTIVE: Explore the sensitivity of the main iron solubilization pathways to different emission scenarios
and climate conditions.

WCRP & CMIP6  ssP3-70

World Climate Research Programme

Increase in mitigation
strategies

SSP2-4.5
SSP1-2.6
PRE- PRESENT  FUTURE
INDUSTRIAL
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Global annual Fe
emission budgets

Fe Dust Fe Fossil Fuel Fe Biomass Burning
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() Sharp increase in Fe-
fossil fuels combustion
(FeF) for SSP370 (x1.8
higher than for PD)
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Global annual mean Fe
solubilization budgets

Acidic Dissolution Organic-ligand Dissolution Photo-reductive Dissolution
FE+H+ ‘FE+DKL ‘F\'e+h1|.|r
() Main dissolution process for FeD is
o , . 0.5 0.5 0.5 1
acidic dissolution
0.4 0.4 0.4
() Main dissolution pathway for FeC is S0 2] -
OXL promoted dissolution for all =
. 0.2 0.21 0.2 1
scenarios
- . 0.1 0.1 0.1
(_ Solubilization gets boosted for I I I l I I
SSP370 0.0 0.0 0.0
i.:q";l' ,;1-‘"} f:?,}—-.'ﬂ = i ":;r ﬁ‘:ﬁq‘l"ﬁ 1 e ﬁr:‘f-'t’ 1

(_ Photoreductive dissolution has a
limited impact B Fe-Dust B Fe-Combustion®
*both biomass-burning and fossil
fuel combustion
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Global annual mean
Soluble Fe deposition

() SFe deposition has doubled

SSP1-2.6

Rel. Diff. in SFe deposition
SSP128 - PO-Historical [Budget: 0.47 Ty)

0.47 Tg/yr

i . 0.72 Tg/yr =
since P &l .,.,'::;,.'::';::";J.,?&Tg/yr i - __ Ddelgly T

() SFe deposition decreses for
SSP126 and SSP245 with
respect to PD (-35% and -10% _
respectively) ST =

Past

() SFe deposition has relative
increse of 40% for SSP370
with respect to PD

SSP2-4.5 Rel. Diff. in SFe deposition 0.65 Tg/yl’
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Atmospheric )
tAnthropogenic tacidity and Oxalate t SOIUbl.e .Fe
Deposition

Emissions concentrations

- Global soluble iron deposition will increase (decrease) by
40% (35%) with weak (strong) climate mitigation

Conclusions

policies
« Aerosol acidity controls the dissolution of iron from dust
sources and oxalate from combustion sources in past,
present and future scenarios

« Future soluble iron deposition decreases (increases) over
the Southern Ocean (the equatorial Pacific) regardless of

(Bergas-Masso et al., 2022) o _ )
the mitigation policy
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Future
Perspectives

Past and future projected emissions are very uncertain
and need further investigation.

e Studies suggest that CMIP6 probably underestimates PI fire
emissions, and large uncertainties in future fire emission
estimates

e Potential changes in the spatial extent of dust sources due
to changes in vegetation, land use, and biocrusts are poorly
considered in ESMs.

e Dust emissions associated with wildfires are largely
disregarded in current models.
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HIGH NUTRIENT LOW CHLOROPHYLL REGIONS
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Sea—surface phosphate [mmol P m_1| Sea—surface nitrate [mmol N m'3] Sea—surface silicic acid [mmol Si m'31

Annual mean sea surface phosphate, nitrate and silicic acid from the World Ocean Atlas 2009,
https://ca.wikipedia.org/wiki/Regions_HNLC

70

Low
Chlorophyll

Fe is the limiting factor for marine
productivity in HNLC regions

Chlorophyll Concentration {mg/m?)

I |
=0.01 01 1.0 10 a0

NASA image created by Jesse Allen, Earth Observatory, using data provided
courtesy of the SeaWiFS Project, NASA/Goddard Space Flight Center, and

ORBIMAGE.
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https://ca.wikipedia.org/wiki/Regions_HNLC
http://seawifs.gsfc.nasa.gov/SEAWIFS.html
http://www.orbimage.com/

IRON ATMOSPHERIC PROCESSING

Atmospheric processing is the primary source of soluble iron in the atmosphere.

ACIDIC ORGANIC LIGAND PHOTO-REDUCTIVE
Soluble iron can be formed from an Oxalate ((COO-),; OXL) acts as an Many Fe insoluble complexes can
insoluble form with decreasing pH . organic ligand that can break the Fe-O  absorb radiation of the solar spectrum,
Sulfate (SO%*,) is the dominant aerosol bonds at the mineral’s surface viathe  with subsequent reduction to soluble
species that controls aerosol acidity. formation of ligand-containing surface  Fe species. Has a limited impact (<1 %)
structures on the Soluble Fe atmospheric

concentrations
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EC, RTH3-AerChem

TMS5:
e Aerosol microphysics: M7 model (Vignatti et al.,
2004, Aan de Brugh et al.,, 2011)
e Detailed gas-phase tropospheric chemistry
scheme - MOGUNTIA (Myriokefalitakis et al.
2020)

Echange of information:

- IFS to TM5:
e State of the atmosphere (pressure, wind,

humidity, temperature, precipitation, etc.)

Atmospheric Dynamics P Atmospheric State
IFS ERA-Interim
Atmospheric Chemistry| o 6h I I 45min Ocean and Ice
TM5 : NEMO+LIM3
: Imonth Ocean and lce
AMIP

- TM5 to IFS:

RESOLUTION: Standard T255L91, ORCA1L75 TM5: 3°x2°
PERFORMANCE: ~1.9 sypd

e Tropospheric O3 and CH4

e Aerosol number concentration (DU,SSA, OC, BC,
SO4, NO3, NH4, MSA)

e Optical propierties of aerosols
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Fe tracers for the different sources (accumulation/coarse soluble/insoluble):
e Fe-dust (soil mineralogical composition information)
e Fe-piomass burning

— . : H_O
e Fe-anthropogenic combustion Water 22
N-IZZI3
Acidity calculations for water contained in fine and coarse [ o2 l
2 2
aerosols, as well as, for cloud droplets (where dust mineralogy
IS taken into account) _ DustFe H o Feqm) Fe (I
v A
@ A comprehensive aqueous phase chemistry scheme in R | Howoy ]
cloud droplets and aerosol water afecting OXL and SO, FE;"?EG*“‘L}}HE'EE"
, Fe(ll)(OXL),3™"
production ' ’ )
@ An explicit description of
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CLIMATE SCENARIOS

sim. years
| members

N

2 SSTISIC clim. CMIPB-
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Global annual SO, and
OXL emission budgets

OXL emissions

S02 emissions

() Decrease of SO, 128
emissions in all future = o
scenarios 100
BO -
() OXL primary emissions Ew
are low compared to =
, , 40 ¢
secondary production in
207
the atmosphere but | i
follorw the trend seen in 0 E s
FeB emissions
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Asrosol pH (scc), Iurl'ln-l-.. Annual Mesn Asrosol pH (cos), Inrl'lnl-.. Annuasl Mean O¥L surface concentrations

- b) g} ) PO [Burden:0.221 Tal
Aerosol acidity and
OXL concentrations -
L e . e e
() Aerosol pH (acc and coa) moves towards | Vg
more basic values for SSP126 and SSP245
but has similar values for SSP370 with SN s SRar _ -
respect to PD
d} m,:;;::;:: rmuﬂlllun i} Asrosol pH (cea), Surfsce, Annual Mean I'I',I H:.:E:Ts wummm.
() OXL future concentrations increase in | o
equatorial regions. The increase gets g b Y bl
accentuated with the SSP with less N "i‘.':%j.ff:' J«f
mitigation strategies (SS5P37/0) e — -— , S
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Source contribution to
soluble-Fe deposition
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Global annual soluble-Fe deposition budgets
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Soluble Fe
Evaluation

(Myriokefalitakis
etal 20217)
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