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Why are free tropospheric INP important?

Interplay of Arctic mixed-phase clouds
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Filter sampling with HERA on Polar 6

Aerosol Inlet
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Filter sampling with HERA on Polar 6

Aerosol Inlet

« HERA (Grawe et al. 2023)
« 30 - 40 Ipm sampling flow rate
« 0.8 ym polycarbonate filter

. 6 filters available per flight
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Filter sampling with HERA on Polar 6

Aerosol Inlet
« HERA (Grawe et al. 2023)

« 30 - 40 Ipm sampling flow rate
« 0.8 ym polycarbonate filter

. 6 filters available per flight

10’ z

10-2 - sample LINA
sample INDA
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Campaigns

HALO-AC?3: 20 March — 10 April 2022
BACSAM2: 7 April — 29 April 2024

HALO-ACS - entire track
HALO-ACS3 - FT sample
BACSAM?2 - entire track
BACSAM2 - FT sample

@

altitude [km]

« 81 INP samples O [K]

. 35 samples in Arctic free troposphere ( — above atmospheric boundary layer and clouds)
> ~38 hours of sampling
> ~60 sm? air sampled
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Vertical profile of free tropospheric INP concentrations

]

altitude [km

INP @ -25.0°C - profile
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Vertical profile of free tropospheric INP concentrations

altitude [km]

INP @ -25.0°C - profile INP- @ -19.0°C - profile
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« No pattern recognizable during BACSAM2

« higher variability in higher altitude
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5-Day backward Trajectories of free tropospheric filter samples

Atlantic
n=38

Canada/Greenland
n=9

Europe/Asia
n=16

Central Arctic
n=10
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INP concentration in different air masses

airmass origin

10* g
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Precipitation history of clouds

10°
« Lower INP concentrations when
air comes from precipitating 10°
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Comparison to ground measurement

Ninp [s/72]

. FT INP concentrations below typical mid-latitude INP

10"
F concentrations
100
i . FT INP concentrations are similar to those of long-term
10 F ground measurements
102 F
10_3"]|....|....|...'~1 N N |
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— median FT INP concentrations
I IQR - HALO-AC3 and BACSAM2

Petters & Wright (2015)
—— Andenes spring - Gjelsvik et al. (2025)
------ Villum winter - Sze et al. (2023)
=== Villum summer -Sze et al. (2023)
—— Villum winter - Sze et al. (2023)

MOSAIC Winter - Creamean et al. (2022)
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Comparison to other airborne measurements

Ninp [sI71]

10" g
100
107"
102
10_3_IIIIIIIIIIIIﬁIIIIIIIIIIIII
-30 -25 -20 -15 -10 -5
T[°C]
— median FT INP concentrations
[ IQR - HALO-AC3 and BACSAM2

Petters & Wright 2015
ARCSIX - above cloud, summer 2024
CEASAR - above cloud, spring 2022

ACAO - above cloud, spring 2022
Raif et al. (2024)

FT INP concentrations below typical mid-latitude INP
concentrations

FT INP concentrations are similar to those of long-term
ground measurements

FT INP concentrations from HALO-AC3 + BACSAM2 INP
concentration are between those from ARCSIX, CEASAR
(lower) and ACAO (higher)
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Comparison to other airborne measurements

10" g
100
107"
102
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T[°C]
— median FT INP concentrations
[ IQR - HALO-AC3 and BACSAM2

Petters & Wright 2015
ARCSIX - above cloud, summer 2024
CEASAR - above cloud, spring 2022

ACAO - above cloud, spring 2022
Raif et al. (2024)

. FT INP concentrations below typical mid-latitude INP
concentrations

« FT INP concentrations are similar to those of long-term
ground measurements

« FT INP concentrations from HALO-AC3 + BACSAM2 INP
concentration are between those from ARCSIX, CEASAR
(lower) and ACAO (higher)

Summary

Low INP concentrations in Arctic free troposphere
Dependence on:

> Air mass origin regions

> Air mass precipitation history

Work in progress...
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Thanks for your attention




Precipitation history of clouds

. Lower INP concentrations when air
comes from precipitating clouds 10" euas

A

-27 -25 -23 -21 -19 -17 -15

> Preferential INP scavenging? 10°
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INP-Spectra in the Arctic free troposphere
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offline INP analysis with INDA and LINA

LINA
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Theta — INP

INP @ -25.0°C - profile

INP @ -19.0°C - profile

290 =
290 p—=
280 b= 280 p=—

© 270 p= )_ -+ Free troposphere
-‘_f ® low over open ocean/Ml
260 ﬂ 260 = o L ® lowoverice
250 | |1 IIIII l |1 IIIII 250 _I IIIIII] | IIIm | IIIIIIJ | IIIIIIJ
10-1 100 100 107* 1072 107! 10° 10!
Ninp [sI71] Ninp [sI71]
g

Jonas Schaefer - Arctic aircraft campaigns workshop - Bergen 20 TROPOS




Jonas Schaefer - Arctic aircraft campaigns workshop - Bergen 21




