
Ice Crystal  Growth

PHIPS images of 
plate crystal.
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 Measure the angular light scattering function 
of individual cloud particles that are 
identifiable as belonging to a particular habit.
 Improved remote sensing observations.

 Obtain high resolution stereo-graphic images 
with sufficient detail to improve understanding 
of riming and aggregation processes.
 Improved cloud micro-physical modeling.

 Provide reliable phase identification on small 
and intermediate sized cloud particles.
 Improved understanding of precipitation.



Figure1. Stereo imagesof adroplet (a, C1left, C2right) andaquasi-spherical iceparticle(b, C1left, C2right) andthecorrespondingASF

(c).

2 Experimental Datasets

Inthiswork,weuseexperimental in-situdatagatheredduringtwoaircraftfieldcampaigns todevelopandtestaphasediscrim-

inationalgorithm. Thetwodatasets refer to thetworespectivecampaigns:

1. ACLOUD - Arctic CLoudObservationsUsingairbornemeasurements duringpolar Day, May/June2017near Svalbard

(Spitsbergen, Norway) and5

2. SOCRATES - Southern Ocean Clouds, Radiation, Aerosol Transport Experimental Study, Jan/Feb 2018 near Hobart

(Tasmania, Australia).

Anoverviewof themeteorological andmicrophysical conditionsaswell astheinstrumentation duringthosecampaignscanbe

found inKnudsen et al. (2018) andWendisch et al. (2019) for ACLOUD andMcFarquhar et al. (2019) for SOCRATES. The

sampling during both campaigns includes awidevariety of different cloud conditions: pure liquid- and iceclouds aswell as10

mixed-phaseclouds, both in low (below 200m) andhighaltitudes (up to 4000mduring transit legs for ACLOUD andup to

6000mduringSOCRATES) inatemperaturerangefrom-15to+5◦C duringACLOUD and-35to+5◦C duringSOCRATES.

Thesampled iceparticlescoveredawiderangeof differentparticleshapesandhabits (columns, plates, needles, bullet rosettes,

dendrites and irregulars, including rough, rimed and pristine particles) as well as sizes. More details can be found in the

supplementary material.The instrumentation on theaircraft’s included cloudparticles probes suchas theSID-3, CDP (Cloud15

DropletProbe,DMT, Longmont, USA), CIP andPIP (Precipitation ImagingProbe,DMT, Longmont, USA) duringACLOUD

and2DC, 2DSandCDP duringSOCRATES.Duetothevariability of themeteorological conditionsandsampledparticles, the
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Angular Light 
Scattering Function

Stereo-graphic Images Phase Identification
2019/07/26 #5,134

Averaged angular scattering functions 
from different campaigns, which was 
used to validate the MODIS C6 ice 
optical model (Järvinen et al., 2018). 

Stereo image pairs obtained within 
Cirrus cloud anvils over Florida.

Stereo image pairs of a droplet (a) and a 
quasi-spherical ice particle (b), and the 
corresponding angular scattering function 
(c) (Waitz et al., AMT in preparation).
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Ice Crystal Types (Many Methods)

Image adapted from University of Manitoba.



Crystal Habit Formation

Temperature (°C)

Habit depends on air temperature and vapor supply during formation.
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Clausius Clapeyron Equation
●   Previous discussion related the 

vapor pressure in equilibrium 
with a pure, plane water 
(liquid) surface to temperature.

●  If the water is frozen, however, 
the water molecules are held 
more securely to the surface 
and the amount of vapor in 
equilibrium with that surface is 
less.



Difference Affects Growth Rates

High Vapor Pressure Lower Vapor Pressure

Diffusion



Mixed Cloud (Ice and Liquid)
●   Ice crystals will grow rapidly.

●  Water droplets will evaporate.

● Large fraction of the ice crystals falling as precipitation 
tend to be stellar types, even though they form in a very 
narrow region of the temperature/ humidity conditions 
possible in clouds.

● Also get a large number of plate types of crystals.


