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Cirrus: ice clouds in upper troposphere
 ~4 —11 km; ~-40 — -70°C

« Often; large areas

« Thin, translucent (vis), absorbing (IR)

Observation:
* In-situ; remotely LULEAI
* Few in situ in Arctic UNIVERSITY

Balloon launch from Esrange Space Center OF TECHNOLOGY
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Ice particle in-situ imaging:
Balloon-borne Ice Cloud particle Imager B-ICI

instrument uncovered
Particles...

= “fall” through the inlet
= collide with a film tape
= imaged on the film

= high resolution images

mirror
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CCD

B-ICI
Kuhn, T.,and A.J. . . -
Heymsfield (2016), Pure illumination

Appl. Geophys., 173 (9), doi:
10.1007/s00024-016-1324-x.




Ice particle in-situ imaging: B-ICI

instrument uncovered
= 4 mlong film

— oil coated

- 1mms
= 30 mm long inlet

= well defined sampling
volume

mirror
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CCD

B-ICI

Kuhn, T.,and A.J. . . -
Heymsfield (2016), Pure illumination

Appl. Geophys., 173 (9), doi:
10.1007/s00024-016-1324-x.




Ice particle in-situ imaging: B-ICI

Determine properties
= Single ice cloud particles E '
_ Size ¢<O:O>|°

tape ceD
— Area
—_ Shape illumination

— Volume, mass
= |ce clouds

— Particle concentration
— Particle size distribution (PSD)

— Extinction coefficient 0 I
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Temperature seems related to cloud
particle properties, but not always...

Local conditions can be misleading

Look at conditions at formation!

— look at conditions along back
trajectory (history)
— cloud formation at:
+ warmer (liquid origin)
* colder temperatures (in situ origin)

« Different origin leads to
different properties

Classify clouds according to origin!
— Liquid origin or
— In situ origin
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Shape Classification
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Frequency of particle shape (%)
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Shape distribution

and average size

Wolf, V., T. Kuhn, M. Milz, P. Voelger, M. Kramer, and C. Rolf (2018),

Atmos. Chem. Phys., 18(23), doi: 10.5194/acp-18-17371-2018.
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Particle size distribution

In situ origin Liquid origin

2013-02-20: -60°C = 2018-02-28: -40°C =
Gamma fit = Gamma fit
Lognormal fit =- = Lognormal fit

2015-03-15: -65°C — 2016-02-12: -40°C —
Gamma fit — Gamma fit
Lognormal fit - - - ' Lognormal fit

R%; =0.71 ) R%; = 0.68
R% =0.94 . “=™>a R? =0.85
(] - h

Maximum dimension (um) Maximum dimension (ym)

Wolf, V., T. Kuhn, and M. Kriamer (2019), Geophys. Res. Lett.,

10rneasunmnentdays: 46(21), doi: 10.1029/2019GLO083841.
4x in situ origin (21 PSDs)

6x liquid origin (24 PSDs)

Particle size: 10 um - 1000 um

Number concentration: 1 L-1 - 500 L
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Particle size distribution
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mmm u Arctic all mmm m Arctic in situ o. == m Arctic liquid orig. === M-PACE HF13
¢ ISDAC Gamma MF14 === = frontal big MB14 === frontal small MB14 HF13

. . = U _AD Wolf, V., T. Kuhn, and M. Kramer (2019), Geophys. Res. Lett.,
Gamma function: N NO x Dl x e 46(21), doi: 10.1029/2019GL083841.

Ny = intercept
u = dispersion
A = slope LULEA
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Particle size distribution

In situ origin Liquid origin

2013-02-20: -60°C === 2018-02-28: -40°C ===
- 2016-02-12: -40°C —
new fit T= -40°C
H13 T=-60°C H13 T=-40°C
MB14 Small - MB14 Large
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Wolf, V., T. Kuhn, and M. Kramer (2019), Geophys. Res. Lett.,
46(21), doi: 10.1029/2019GL083841.
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Particle size distribution
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Wolf, V., T. Kuhn, and M. Krimer (2019), Geophys. Res. Lett.,
46(21), doi: 10.1029/2019GL083841.
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Conclusions and
outlook

Growing dataset: high-resolution
images of cirrus ice particles
Useful to classify cirrus by origin
— Liquid origin: large and complex
particles
— In situ origin: small and compact
particles
Cirrus PSD in Arctic similar to
midlatitudes

Shape distribution

Improve B-ICI

More B-ICI data

More concurrent lidar and B-ICI

Lidar validation (EarthCARE) LULEA

UNIVERSITY

New PhD position soon! OF TECHNOLOGY




