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Immersion freezing represents the dominant ice nucleation process in mixed-phase clouds.
Different immersion ice nucleation parameterization exists. Most of previous parameteriza-
tions are fit-derived representations of laboratory ice nucleation data sets invoking various
mathematical concepts to reproduce the data.These concepts are usually not founded on
physical theory or observable parameters. Extrapolation of fit-parameterized descriptions to
atmospheric conditions can be challenging. The goals of this study are:
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1.Represent immersion freezing data determined in the laboratory using only physical ob-
servables, i.e. parameters accessible in experiment.

Shaded area shows 5 and 95
percentiles from the multiple
simulations.

-5

4 -3

10 10 10

2.The method should be applicable to any ice nucleation measurement technique.
Particle Size: Measureable, Not
Assumed, e.g. Hartmann et al., 2016.
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3.The method should give insight if classical nucleation theory involving a stochastic and
time dependent nucleation process can be used to describe observed freezing data.

When lower total number of
particles are used (N_ ), the
uncertainty increases.
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100000 simulations per experiment with either 1000 or 30 freez-
ing droplets.
Experiments shown correspond to Iso1 to 4 given in table below.

4.Evaluate the importance of surface area of the ice nucleating particle for data interpreta-
tion and representation.

Unfrozen Fraction

The effectsof 6and N__
on unfrozen fraction are
independent of each
other.

5.Evaluate if isothermal and cooling rate dependent immersion freezing data are in concert
with classical nucleation theory.

Same Surface
Area per Droplet

Examples of random
sampled INP surface
areas per droplet from
the lognormal distribu-
tions used in Diehl et
al., ACP, 2014 (A), Wright
and Petters, ACP, 2013
(B), and Herbert etal.
ACP,2014 (Q).
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6.Provide a quantitative measure to evalaute uncertainty in immersion freezing kinetics.

How to address these goals?

We use a stochastic freezing model based on a binomial distribution.This model is run via a
Monte Carlo simulation to repeat an actual freezing experiment 100000 times to derive un-
certainties and to evaluate the significance of particle surface area uncertainty in data inter-
pretation. This Monte Carlo simulation is applied to isothermal (fixed temperature) and

All displayed curves use
same fixed J,  value.No
need to invoke the pres-
ence of more and less
active sites on particle sur-

—
o
™rTT

Frequency
Frequency
Frequency

10

cooling rate dependent immersion freezing experiments. I face.
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