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HErZ project (2023-2027) IC@N 'S mﬂ

Preparing ICON-ART for seasonal to decadal climate
predictions in seamless regional to global model configurations
- ICON-Seamless + ART = ICON-SmART

@  Emissions of natural aerosols and trace gases from fully
coupled and interactive ocean and land modules

@ Comprehensive atmospheric chemistry (troposphere and
stratosphere) — optimization and acceleration

@ ML-based and scale-aware aerosol dynamics and washout

@  Multi-year simulation with full chemistry and aerosol
treatment



Coupling of ICON-Seamless and ART

o Solving the continuity equation for the concentrations of atmospheric species requires
boundary conditions at the Earth’s surface, the so called “surface fluxes”

o The surface flux is called
« Emission when upward (the surface act as a source)
« Deposition when downward (the surface act either as a sink)
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ICON-SMART: Dust and sea salt emissions

* R2B5 atmosphere and R2B6 ocean
e Start date = 2000-01-01
* Enddate =2002-12-31

Multi-Aerosol Simulation 2000-02-01
ICON-SmART ICON-ART

Tuning and validation are ongoing!
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ICON-SMART: biogenic emissions

Lowest layer concentration [mol/mol]

® BVOC parameterization according to
MEGANZ2.1 (Guenther et al., 2012)
® Emissions depending on:

ICON-SMART ‘B 2s ICON-ART

® Temperature &
® Radiation g
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LAl and cover fraction are lower in JSBACH!
Tuning and validation are ongoing!
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ICON-SMART: comprehensive chemistry

Requires: S .
« Natural emissions - e.qg. wildfires, BVOCs with MEGAN ’5r, 2
 Anthropogenic emissions - OEM extended for global applications GGSS/{OQ/
« Chemistry mechanism - MOZART (CAM-Chem) mechanism ‘949,70’04
« Species mapping ... &
full chemistry
mechanism
selected chemistry
gas.spc mechanism Fortran files
MECCA KPP —7/ messy_mecca_kpp_*.f':—)a/
batch file e
l
tracer definition \A
mecca_tracers.xml ICON pre-processing
ICON-ART
modified Fortran files
messy_mecca_kpp_*.f90
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Preliminary results: 5-days average surface conc.

MOZART Chemistry with Anthro and Bio emissions
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ICON-SMART: comprehensive aerosols

Requires:

« Natural emissions - wildfires, dust, sea salt, DMS

« Anthropogenic emissions
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Preliminary results: aerosol surface concentrations

Mineral Dust [ug/m?3] Sea salt [ug/m?3] Soot [ug/m?3]

200

Volcanic Ash [ug/m?3] SO, [ug/m?3]

2019-12-30

NH, [ug/m?] H,0 [ug/m?]
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Preliminary results: aerosol + chemistry

2019-12-29T02:00:00
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This simulation is ~3-5 times slower that ICON-only!
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ICON-SMART: towards ,,fast”“ chemistry and aerosols

Requires:

« Natural emissions

« Anthropogenic emissions Relevance

- Efficient chemistry and aerosol dynamics zgfopsgl“_erzzisaeﬁ”;'r?_'
Emulation of ISORROPIA and Cloud-J

: o cloud interactions
Using ~10 aerosol species instead of ~50 that drive climate

forcing

Consistency ) EffiCienCY_
remain traceable to  eéduce complexity

detailed, physically to achieve feasible

based reference |0_”9 cllmate
models simulations.
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Community, support and training

« ICON-ART training organized as a part of DWD-NatESM ICON
training in July 2025 in Hamburg

« Website including user guid: icon-art.kit.edu

« “ARTists forum” co-organized by KIT and EMPA 3-monthly meeting

« New mailing list: icon-art-community@Ilists.kit.edu
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