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We thank this referee for his helpful suggestions and agree with his general comment
that the agreement between measured Ice Nuclei concentrations and ice crystal mea-
surements is an interesting highlight of our paper. Our responses to his comments
are:

1. With respect to the work using other Counterflow Virtual Impactors (CVI) by Ström
and colleagues, their CVI is of a somewhat different design and the shattering char-
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acteristics are not necessarily the same as our CVI. See our Response to the 2nd
Referee under the section “Shattering effects on IN concentrations” for more informa-
tion. We hope our paper will encourage others to consider this issue of particle breakup
in future studies using CVI instruments for studying the residuals from evaporated hy-
drometeors including the ice phase. As recommended by this referee, we include in
the abstract and in Section 2 a mention of the potential for multiple residuals from the
CVI.

2. With regard to the issue of shattering artifacts in the 2DC measurements (which
was also raised by referee #2), we have followed this referee’s suggestion to look for
the presence of large particles that might affect the 2DC concentrations through their
shattering on the tips of the 2DC. The first half of the major sampling leg did contain
significant amounts of larger ice crystals, including aggregates of single crystals, and
these larger particles were significantly less abundant in the second half of the leg. The
first half of this leg also exhibited higher ice content observed by the satellite measure-
ments than did the second half of this leg, which is consistent with the observations of
larger particles from the 2DC in the first leg. Thus, it is useful to examine these two
regions of the warm sector cloud separately. We focus on the two time periods 5:22 to
5:41 and 5:42 to 5:54, since these time periods represent data taken when the temper-
ature in the CFDC chamber was within about 2 degrees of ambient. As suggested by
this referee, we include size distributions from each of these two regions.

Since large particles were present in this cloud, to account for the problem of shattering
on the tips of the 2DC, we have reprocessed these data using the correction method
discussed by Field et al. (2006), based upon particle interarrival times, to correct the
concentrations for shattering artifacts. As expected, these corrections reduced the 2DC
concentrations somewhat, resulting in slightly better agreement with IN concentrations
during the second half of the sampling leg and somewhat worse agreement with IN in
the first half of the leg, where more IN were present per ice particle sampled by the
2DC. We have examined images during the period when there are more IN per 2DC
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particles present and found that aggregates of multiple single ice crystals are present.
These images are included in the revised paper.

Thus, after correcting the 2DC data for the effects of probe tip shattering, the data
still support the hypothesis that heterogeneous freezing on observed IN can explain
the concentration of ice in areas where heterogeneous freezing is likely to occur, with
additional evidence suggesting that the residuals from aggregate ice particles (which
contain multiple single crystals) contains multiple IN per ice aggregate. This observa-
tion is consistent with the heterogeneous freezing hypothesis.

3. We include a discussion of the chemical analysis of IN in the abstract as suggested.

Technical corrections: We include these corrections in the revised manuscript. We also
correct two errors in the figure captions for Fig. 7 (“for the same time period” should
read “for the warm sector cloud 5:22 to 5:50 UT”) and Fig. 8 (“number concentra-
tion” should read “mass concentration”; we use number concentration in the revised
manuscript).
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