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Global climatology of ice nucleating particles at cirrus formation (1)

INP-types: mineral dust, soot, aviation soot,
crystalline ammonium sulfate,

glassy organics
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Global climatology of ice nucleating particles at cirrus formation (2)

(a) INP number conc. (b) Ice crystal number conc. , () Ice water content
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Global climatology of ice nucleating particles at cirrus formation -- Summary

% Including different INP-species: mineral dust, (aviation) soot, crystalline ammonium sulfate, glassy organics

% Simulated INP number conc. in the range of 1 — 100 L agree well with in situ observations and other global model
studies

% Including additional INP-species is important; especially crystalline ammonium sulfate shows large INP conc. and
should be considered in future global model studies

% By coupling the different INP-types to the microphysical cirrus cloud scheme, their ice nucleation potential at cirrus
formation is analysed; e.g. number conc. of pristine ice crystals / ice water content per freezing mode
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Simulated aerosol concentrations (1)

Mineral dust, 300 hPa Hg m®  Soot, 300 hPa Hg m-3
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Simulated aerosol concentrations (2)
Glassy organics, 300 hPa Hg m3 Ammonium Sulfate, 300 hPpa  cm?3
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Global aerosol-climate model EMAC-MADE3

Primary and precursor emission Gﬁs phase Selians Emissions
y P chemistry transport incl. aviation,

ONEMIS | | OFFEMIS | ' MEGGA - |-CVFRANS - vevremrrmrereniranens > CMIP6, 2014

| N | (Feng et al. GMD, 2020)
LI ng NO, production WEEDS . . :
l L wind-driven mineral dust

(Beer et al., GMD, 2020)

Base model:
ECHAMS

----- » Aerosol submodel MADE3
(Kaiser et al., GMD, 2019)

others... ——

Optical properties

AEROPT
Clouds and
DDEP SEDI SAAV| |CLOUD| \ [ > aerosol-cloud-coupling
Dry deposition  Sedimentation Cl Aerosol CHAMS: incl. aerosol-cirrus interaction
proces\ing/  activation ynamics, radiation, (Righi et al., GMD, 2020)

hydrological cycle,
tracer transport, ...

ECHAMDS5: Roeckner et al. (2006); MESSY/EMAC: Jdckel et al. (2005, 2006, 2010);

EMAC with MADE: Lauer et al. (2007), Aquila et al. (2011), Righi et al. (2011, 2013, 2015),
Kaiser (2016), Kaiser et al. (2019), Beer et al. (2020), Righi et al. (2020), Righi et al. (2021)
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The EMAC-MADE3 global aerosol model (with cirrus)

Externally mixed Dynamical forcing
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* 9 aerosol types water vapor

* 3 mixing states (soluble, insoluble and

mixed) in 3 log-normal size modes = 9 Additional Ellzesy
modes INPS. organics

* Explicit simulation of aerosol mass and Cirrus parametrization
number concentrations » Competition between homogeneous and Ice crystals
* Microphysical processes: new particle heterogeneous freezing (number concentration and size)
formation, coagulation, condensation and * Consideration of pre-existing ice crystals
gas-aerosol partitioning * Ice nucleating particles: black carbon (BC) and mineral
Kaiser et al. (2014, 2019) dust (DU), ammonium sulfate, glassy organics o
Karcher et al. (2006), Hendricks et al. (2011), Kuebbeler et al. (2014) nghl etal. (2020)
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