
ACPD

Interactive
comment

Printer-friendly version

Discussion paper

Atmos. Chem. Phys. Discuss.,
https://doi.org/10.5194/acp-2019-150-AC1, 2019
© Author(s) 2019. This work is distributed under
the Creative Commons Attribution 4.0 License.

Interactive comment on “No anomalous
supersaturation in ultracold cirrus laboratory
experiments” by Benjamin W. Clouser et al.

Benjamin W. Clouser et al.

bclouser@uchicago.edu

Received and published: 25 November 2019

We thank both referees for their useful comments, and apologize for the long delay
in replying. We took the opportunity to refit our data using the new HITRAN 2016
parameters for water, which took more time than expected. Our results are unchanged
due to this refit, but the uncertainty is somewhat smaller. We have also included a
more thorough treatment of the uncertainty. Responses to detailed comments are
listed below. The reviewer’s comments are listed in italics and our response in plain
text.

Replies to Referee #1
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In general, in response to reviewer comments we have used more quantitative
language in describing results, and have adjusted nomenclature throughout.

Abstract

A more correct statement would be ‘if metastable ice forms in ultracold cirrus clouds, it
appears to have a vapour pressure indistinguishable from hexagonal ice to within xx%’

We have adopted the language suggested by the referee and included a quantitative
statement that our measurements constrain anomalous supersaturation to within 4.5%.

Top of page 4. Murphy [2003] should be cited in the discussion of the transformation
timescales

We now cite Murphy (2003) in the discussion of the transformation timescales.

P4, ln 5-8

We have completely revised this section of the introduction and thank the referee for
calling attention to it.

I don’t think (Murray and Bertram, 2006) and (Lowe and MacKenzie, 2008) say
anything to support the statement made. — We have deleted this very confusing
sentence. The citations of Murray and Bertram and Lowe and Mackenzie were
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originally in place to indicate that the authors had either suggested or observed
regions in Earth’s atmosphere that were potentially cold enough to support the nucle-
ation of metastable ice, but as written we understand that it gave the wrong impression.

Also Furukawa (1982) doesn’t suggest crystals with threefold symmetry will form.
Furukawa suggests that cubic ice may form octahedral crystals of cubic ice and the
subsequent growth may be off the faces of the octahedral... ...example of getting
the right answer for the wrong reasons. — Thank you for this clear and concise
explanation of the issues with this passage. We have removed the reference to
Furukawa, as this is not really the appropriate place for a discussion of cubic ice. (We
do still reference his work in the conclusion to note that the form of ice when it first
nucleates may influence subsequent growth.)

I think the first mention of the trigonal symmetry of stacking disordered ice was in
Hansen et al. [2008]. — Thank you for pointing out this important detail, I had missed
it when reading this paper. Hansen is now appropriately cited for his work.

Also, in reference to Murray et al. (2015)... ...small ice crystal shape in TTL conditions.
— Included now is a brief discussion of observations of ice crystals with threefold
symmetry, and we note Murray (2015)’s conclusion that these crystals are consistent
with trigonal habit. We also note that some observations (such as Heymsfield 1986)
have shown these crystals to be quite common.

P2, ln 23. Bogdan has also proposed some mechanisms for the elevated S in TTL
cirrus e.g. [Bogdan and Molina, 2010]. — We now cite Bogdan and Molina (2010) and
their work on multi-component aerosols.
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Results and fig 5 I think there is an error in Fig 5. S for stacking disordered ices should
be T dependent. Murphy and Koop discuss this...

The referee is correct that S should be temperature dependent. We have now included
a temperature dependence. To estimate it, we made the assumption that there is no
entropy difference between ice Ih and ice Isd (based on Tanaka’s calculations showing
minimal entropy different between Ih and Ic), and that we can therefore calculate ∆G
from Shilling’s work, and extrapolate that to higher temperatures. This is discussed
in the text in the first paragraph of the Results section. We also reference the 3-11%
enthalpy differences calculated for cubic ice in Murphy-Koop (2005) in the following
paragraph.

Results Some discussion of what the Shilling et al. value for S means and some
context is required.

We have added context to the first paragraph of the Results section to make it clear to
the reader that metastable ice likely does not have a single vapor pressure value, but
probably has a range of values that are likely heavily influenced by sample preparation.

P18, ln 19 ‘its effect on vapor pressure and an transfer of water to the stratosphere
would be negligible.’. Be quantitative. The effect of the presence of stacking disordered
ice is less than 5% (I’ve estimated this based on the error bars in fig 5).

We have revised to include a quantitative statement of our limits of the effect on vapor
pressure of stacking disordered ice.

Conclusions, 1st line: Amend to reflect the uncertainty in the experiments. ‘We see no
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evidence of an anomalous supersaturation in ultracold cirrus formation of greater than
5%.

We have included a quantitative statement reflecting the uncertainty in the experiments
in the first line of the conclusions.

Minor Corrections

P15, ln 6. Shilling should be Shilling et al. (xxx) — We have substituted in the correct
citation.

P17. Ln 1. ‘depresses implied’, insert ‘the’. — Done.

P2 ln 24. Add Murray [2008] to the refs stating that aerosol in a glassy state might
inhibit ice nucleation — We have added this citation into the relevant statement.

P2 ln 29. Murray et al. [2010] also showed how small ice concentrations resulting from
heterogeneous nucleation can yield elevated S in clouds. — We have incorporated
this citation into the relevant statement on elevated S in clouds.

Replies to Referee #2

Specific Comment As mentioned in the introduction section, several studies suggest
as possible explanation for observed ice-supersaturations in cirrus clouds, that uptake
rates on ice crystals for typical conditions in cirrus clouds (low temperatures, low ice
crystal number concentrations, small ice crystals) are slow and cause long times for
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relaxation to saturation, so that in lifting air masses a dynamical equilibrium is reached.
In the manuscript, the term “pseudo-equilibrium” is used. The authors may consider
whether or not the term “dynamical equilibrium” is more appropriate, or discuss the
issue.

Thanks for calling attention to this issue. Dynamical equilibrium is more common and
easily understood terminology, and we have adopted it throughout the text.

Minor Issues

Sometimes the unit ppm is used for the volume mixing ratio, and sometimes ppmv. I
suggest using ppmv (ppbv) throughout the manuscript, including axis labels. — We
have revised to use ppmv and ppbv throughout, including in figures.

Page 1, line 21: here the reference to MK should be added. — We have added the
reference to MK to this line.

Page 3, line 31: The sentence seems to be incomplete. I guess it should read: “... ice
should grow exclusively in hexagonal layers, regardless of the nucleation method...” –
We have corrected this error in the text.

Page 5, Figure 1 and page 7, line 1ff: In Fig. 1, 5 thermocouples are shown but only
the use of four is explained. For completeness, it may be worth mentioning the use of
thermocouple T5. — The topmost thermocouple (T5) measures a known warm spot
in the chamber, which is unrepresentative of the levels at which the experiments take
place. We have made this clear in the main text and the figure caption describing the
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thermocouples.

Page 6, line 30: uncertainty from Poisson statistics is proportional to 1/sqrt(n). That
should be written here. — We have clearly stated now in the text that these should
follow Poisson statistics and that the uncertainty is proportional to 1/sqrt(n)

Page 11, line 9: the term “particle #” is not explained and may be replaced by “particle
number”. — We have replaced ‘#’ with ‘number’

Page 15, line 6: the reference to Schilling et al. (2006) should be given here, not only
the name of the first author. — We have correctly inserted the citation here.

Interactive comment on Atmos. Chem. Phys. Discuss., https://doi.org/10.5194/acp-2019-150,
2019.
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