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The origin of ice crystal complexity

Introduction

Single crystal measurements

The interaction of shortwave solar radiation with ice particles is an important process in the
atmosphere, which redistributes solar light before reaching the ground. Therefore, the
knowledge of the angular light scattering behavior of atmospheric ice particles is crucial for a
reliable calculation of the shortwave radiative transfer in climate models and for retrieving cloud
bulk properties from satellites. In this contribution two airborne in-situ measurement methods
are presented that are ideally suited to study the origin and dissemination of ice crystal
complexity in clouds. The PHIPS and SID-3 instruments measure angular resolved light
scattering from individual particles. In this contribution over 15 years of laboratory and airborne
ice cloud data collected by the SID-3 and PHIPS instruments are reviewed and discussed from
the perspective of fundamental optics to infer the impact of ice crystal complexity on the
radiative properties of ice clouds.
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To investigate the origin of ice
crystal complexity in cirrus
clouds, ice crystal growth and
sublimation experiments were
conducted in the AIDA cloud
chamber.
The
available
condensable
water
vapor
concentration was identified
as one of the key Read more
players controlling ice
crystal complexity.

The Particle Habit Imaging and Polar Scattering (PHIPS) probe combines stereo
microscopic imaging with angular light scattering measurements on individual cloud particles.
PHIPS has been designed and built at KIT and is marketed by schnaiTEC GmbH, Germany.
Features:
Ø Stereo imaging and correlated angular
light scattering measurement on single
atmospheric crystals
Ø Uses incoherent laser light for
illumination. Optical resolution of 3 µm
Ø Angular light scattering on 20 channels
between 18° and 170° with 8° resolution
Ø Detection range 20 µm to 1.5 mm
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The correlated single particle image and scattering data
provided by PHIPS-HALO can be used to calculate habitspecific averaged ice particle ensemble data, even in
situations when the cloud is not homogeneous and
composed of ice crystals with different habits (left and up).
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The single particle data also gives unprecedented
research opportunities in the field of cloud particle optics.
Based on this data ice crystal optical models can be
evaluated – e.g. for their capabilities to correctly Read more
represent ice crystal complexity. Even pristine
looking, smooth ice crystals can have surface
distortions on a subwavelength scale (below).

Impact on cloud radiative effect
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The Small Ice Detector Mk. 3 (SID-3) measures high resolution angular scattering patterns of
individual cloud particles. SID-3 is built and marketed by the University of Hertfordshire, UK.
Cloud particles

Scattering
pattern
detector
Optical assembly

Laser beam
532 nm

Particles pass
through beam in
single file and scatter
light

Features:
Ø Fourier measurement set up with transform
optics that maps ray angles to points on
the image plan
Ø Maps ray angles to points on the image
plane. Angular range: ~6° - 25° (includes
the 22° Halo)
Ø Detection range 5 µm to 50 µm

KIT – University of the State of Baden-Wuerttemberg and
National Research Center of the Helmholtz Association

The method developed to inherit ice crystal
complexity from the SID-3 measurements
was implemented in five field campaigns in
the tropics, mid-latitudes and in the Arctic.
It was found that the majority of the
observed ice crystals were complex with
similar distribution of the complexity
parameters. Nephelometer measurements
show a smooth and featureless angular
scattering function. The observed global
angular scattering function has relatively
high degree of sideward scattering, which
leads to a low asymmetry parameter of
0.75 at 532 nm. The shape of the angular
scattering phase function can now be
explained with the high degree of crystal
complexity, which dominates the angular
light scattering behavior - also indicated in
the laboratory experiments above. The
impact of crystal complexity to the cloud
radiative effect is significant.
Read more
By assuming complex ice
crystals we get additional SW
cooling of 1.2 W m-2 globally.
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