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Herbert et al. present an interesting framework which can be used to reconcile labo-
ratory immersion freezing data determined through various measurement devices in-
cluding different measurement techniques and nucleation time scales. The presented
work contributes to finding a comprehensive tool for consistently describing (laboratory)
heterogeneous freezing data. The FROST framework is extensively and comprehen-
sibly described. However, I have some comments concerning the laboratory database
which should be addressed before the manuscript can be published.

Specific comments

Page 1401: You write that contact ice nucleation occur "through the collision between
an IN and the air–liquid interface of a supercooled droplet". You may include that there
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are two different possibilities: outside-in and inside-out collision. To my understand-
ing the latter mechanism is the important one for freezing of evaporating supercooled
droplets (as you mention in line 22-23)

Page 1402: Ervens and Feingold (2013) show in their study (single component system,
based on CNT i.e., stochastic approach) that a change in temperature has a larger
effect on the frozen fraction compared to a change in time (one to several orders of
magnitude depending on the chosen contact angle). But this finding is not in contrast
to the findings of Kulkarni and Dobbie (2010), Murray et al. (2010) and Welti et al.
(2012). An isothermal experiment only shows the stochastic nature of freezing, i.e., the
time dependence. But the interesting question is how does a change in temperature
relate to a change in time. For example, Welti et al. (2012) showed for their kaolinite
sample that a change of ∆T =1K in temperature relates to a time ratio change (t2/t1)
of a factor 10, i.e., temperature is more important than time. Please rephrase the
paragraph accordingly.

Page 1403: The probability for critical cluster formation depends on droplet volume
and time, but most important on temperature! The lower T, the higher is the freezing
probability.

Page 1406, Eq. 1: Do you consider that after each time step the liquid droplet number
has to be adjusted so that the total number (frozen plus liquid droplets) keeps constant?

Maybe I missed that piece of information: How many droplets do you examine in your
cold stage cell studies for kaolinite and feldspar. What are the measurement uncer-
tainties for the determined frozen fractions due to temperature uncertainty (0.4 K for
isothermal experiments), considered droplet number (Poisson statistics), etc.?

Chapter 4.1 and Fig. 4 and 5: Regarding the microlitre data in Fig. 4a, I would think
it shows a less steep slope compared to the picolitre data. Is there maybe an obvious
difference between the two samples? And why does the frozen fraction in Fig. 5a for
0.5 K/min and 1K/min cooling rate does not reach 1?
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As you investigated droplets featuring more than one particle you should avoid saying
that kaolinite is a uniform species since you can not prove it. Due to a high amount
of particles per droplet it might be possible that there is a high probability for droplets
featuring particles with similar ice nucleation activity. Welti et al. (2012) also used kaoli-
nite, indeed they used a sample from Fluka which differs from your sample. However,
they show that there is a particle-to-particle variability for their kaolinite sample. In my
opinion you should only state that for your investigations the kaolinite sample can be
treated as a single component system but there could be multiple IN populations lead-
ing to different results if droplets with single particles are regarded (you have this kind
of interpretation on page 1417/1418).

Fig. 8: Please include the measurement uncertainties also in the raw data. For me
it looks like that the raw data already agrees within the uncertainties if the error bars
from Fig. 8b) and 8d) are used. Can you also plot a figure for the Welti data as you did
in Fig. 4b and Fig. 7, i.e., calculating µ and σ for this kaolinite sample?

Looking separately on Fig. 9a, I would think that both data sets are clearly distin-
guishable through different slopes or cannot completely be represented by a single
straight line curve (i.e., your straight line fit cannot be extrapolated to higher T). So,
I am not completely convinced that the volcanic ash sample behaves like a single-
component system (Can you please plot the nucleation rates here? If it behaves like
single-component, the rates for both experiments should fall onto one line without fit-
ting.). As already stated in the text, more isothermal or cooling rate experiments would
be needed to prove this assumption.

Minor comments

Page 1401, line 9: Replace warmer temperature through higher temperature.

Page 1409, line 1: It should read n_frozen/n_liquid. However, to my understanding
the frozen fraction is defined as the frozen droplet number divided through the total
number of particles (i.e, sum of frozen and liquid droplets). I am just wondering about
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the definition of Eq. (13), is it valid with your fraction frozen definition?

Page 1410, line 16: I am not sure about the sign for the cooling rate: Is it positive or
negative? Intuitively I would think r_cool > 0 K/min?

Page 1419, line 1: Please add that T’ = T_exp – β(r)
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