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Dust intrusions are common in populated areas (e.g. East Asia, Australia, Europe…)
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is the main reactant 

with acid species



Implementation in 
atmospheric models

- Previous studies
- Implementation in MONARCH at BSC
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Implementation in atmospheric models:

Previous studies

Dynamic mass transfer (DMT)

Direct calculation of condensation/evaporation of species.

+ Rigorous

- Complex and computationally expensive
Meng et al. 1998, Capaldo et al. 2000, Feng et al. 2007, Zaveri et al 2008, Trump et al. 2015

Irreversible uptake reaction (UPTK)

Simplifying DMT to a first-order uptake reaction

+ Simple and efficient

- Irreversible, does not account for evaporation
Feng et al. 2007, Bauer et al. 2004, Li et al. 2012, Uno et al 2017

Thermodynamic equilibrium (TEQ)

Calculation of TEQ that all particles reach TEQ

Can be fixed with weighting factors

+ Simple and efficient

- Overestimation/underestimation of particle 

formation 
Wu et al. 2025, Watanabe et al. 2011, Schmidt et al. 2014, Bian et 

al.2017, Binkowski et al. 1995, Lurmann et al. 1997
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Double call of TEQ (DBCLL)

- TEQ for fine

- TEQ for coarse

Uses kinetic limitations to 

distribute gas species 

between fine/coarse

Hybrid method (HYB)

- TEQ for fine

- UPTK for coarse

Simple and irreversible 

only for the coarse mode
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X Do not incorporate dust mineral fractions 
Usher et al. 2003, Sokolik et al. 2001, Nickovic et al. 2012, Bian et al 2017

? Assume dust mineralogy as regionally/globally homogeneous

No geographical heterogeneity of dust surface mineralogy 
Feng et al. 2007, Fairle et al. 2010, Hauglustaine et al. 2014, Trump et al. 2015, Paulot et al. 

2016, Bian et al. 2017, Kakavas et al. 2020, Jones et al. 2021

~ Incorporate inaccurate mineral distributions

Like Claquin et al. 1999 and Journet et al. 2014 mineral atlases, or others

→ EMAC (Karydis et al. 2016)

→ IFS-COMPO (Rémy et al. 2024)
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Implementation in atmospheric models:

Investigation at BSC

Using the MONARCH atmospheric model, we have investigated…



Implementation in atmospheric models:

Investigation at BSC

Using the MONARCH atmospheric model, we have investigated…

Sensibility to the heterogeneous chemistry mechanism
- Fine TEQ

- Fine TEQ + coarse UPTK

- Fine TEQ + coarse TEQ with kinetic limitations

Sensibility to calcite distribution
- Simplified global averaged

- Realistic source-based 

Sensibility to dust mineralogy
- No mineralogy

- Claquin et al. 1999

- Journet et al. 2014

- EMIT 2023 (first time in an atmospheric model)

Impacts on aerosol optical properties
- Aerosol optical depth

- Single Scattering albedo

1

2

3

4



No minerals

Mineralogy globally-averaged

Only H2SO4

Implementation in atmospheric models:

Developments

Irreversible reaction 



No minerals

Mineralogy globally-averaged

Only H2SO4

Irreversible reaction 

Added 
Ca, K, Mg, K

Reversible 
condensation/evaporation

Implementation in atmospheric models:

Developments

Added 
SO2 uptake

Added 
Claquin et al. 1999
Journet et al. 2014

EMIT L3 satellite data 2023



Results



Calcite (Ca2+) from dust 

Nitric acid (HNO3)

Particulate nitrate (NO3
-)

Results:

Global simulations of nitrate formation
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Results:

Test of heterogeneous chemistry mechanism

Double call of 
thermodynamic 

equilibrium
mechanism

provides the best 
performance



∆SSA∆pH

Source-based vs. globally-averaged

Calcite distribution

Results:

Changes in Aerosol pH and SSA



The atmospheric iron cycle



Fe-limited regions



The EC-Earth3 Earth System Model



EC-Earth3-Iron



Iron dissolution



Iron chemistry



A reconstruction of soluble Fe deposition

Bergas et al. 2024



Evaluation



Projections for the end of the 21st century



Future soleble deposition sensitivity to dust changes
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