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Recent field campaigns aim to close the gaps by

providing ground and airborne INP observations
: ARCSIX
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Primary Ice
Production (PIP)

Let's stick with the mixed-
phase temperature regime
for now!

0to~-38°C

All primary ice is from
heterogeneous nucleation
(you need an INP)

Kanji, Z. A.; Ladino, L. A.; Wex,
H.; Boose, Y.; Burkert-Kohn,
M.; Cziczo, D. J.; Kramer, M.
Overview of Ice Nucleating
Particles. Meteorological
Monographs 2017, 58, 1.1-
1.38.
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FIG. 1-1. Schematic depicting known primary ice nucleation pathways possible in the
atmosphere. 4



Secondary lce Production (SIP)

Droplet fragmentation during freezing
" LR EX**

Splintering during riming
(Hallett-Mossop process) (b
—>

Ice fragmentation during thermal shock

Fragmentation during ice-ice collision Activation of INPs in transient supersaturation

P _ 1
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Korolev, A.; Leisner, T. Review of Experimental Studies of Secondary Ice
Production. Atmospheric Chemistry and Physics 2020, 20 (20), 11767-11797.

SIP processes may not be
well parameterized or
understood.

Itis likely there are SIP
processes we are missing
entirely!

SIP depends on PIP, we
still need good INP
characterization.

Warm-freezing INPs may

be particularly important
for SIP.



INP Sampling Strategies
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N_INP (std L™1)

Altitude dependence and Aerosol
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Strong Altitude Dependance
-> Long range transport?

NASA ARCSIX 2024

I Below 0.7 km

I Above 0.7 km

Q IS Measured
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@ IS Geomean
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Spread

—— Individual size distributions
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CAESAR INP concentrations agree well with MOSAIC, on
the higher end of ARCSIX measurements

e CAESAR

Long range ARCSIX

transported dust

4

Local Biological Temperature (°C)

Temperature (°C) Sources?



ARCSIX Cloud Wall Case

Analysis from ARCSIX Aerosol Working Group

NASA ARCSIX 2024
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ARCSIX Cloud Wall Case

Analysis from ARCSIX Aerosol Working Group

Online INP measurements in green at ~-25C
are:

Highest below-cloud, despite lower aerosol
concentration, but still 10x lower thanice

crystal concentrations!

INP depletion in cloud through precipitation
removal? Or too small to activate as drops.
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between online
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CAESAR and ARCSIX Conclusions

* INPs from polar aircraft measurements agree well with
previous surface-based MOSAIC measurements

* Enhancements below or above cloud were flight dependent

* The detected low-temp INPs
appear mostly mineral from
treatment spectra — but not tied
to bulk aerosol measurements.

» Strong evidence of SIP in low-
level Arctic clouds, mechanism
unknown.




Improvements in INP measurements with concentrator
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Improvements in INP measurements with concentrator
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Improvements in INP measurements with concentrator
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CAESAR Feb-Apr
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