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seven times larger than the RMS Brownian displacement of the AgI particle within the droplet inter‐ 

arrival time. This essentially means that the particle number concentration reduced due to 

the  scavenging by falling droplet will not return to equilibrium before the next droplet 

arrives. Reduced number concentration has to be compensated by higher apparent freezing 

efficiency (according to  equation 19 from (Nagare et al., 2015) to describe the observed 

fraction of frozen droplets. This back‐of‐the‐envelope calculation shows that the depletion 

of aerosol in the droplet train zone is quite possible and might affect the calculation of the 

collision efficiency. For larger aerosol particles  the depletion can be even larger. 

We discussed CE in depth in Nagare et al. (2015). We concluded that the distance between 
droplets should be large enough to avoid any interference. If depletion of IN particles between 
droplets occurred, the injected concentration of aerosol particles would be higher than the one 
experienced by the droplet. This means that we insert a too high concentration into Eq. 19 from 
Nagare et al. (2015). When we insert the correct lower concentration into Eq. 19, CE would need to 
be even higher to realize the measured FF. This would not decrease but increase the difference 
between measured and calculated CE. 

 
2. We share the confusion of reviewer 1 with respect to the discussion of freezing efficiency 

calculated with equation 1 or equation 4 (Section 4.1). In your preceding paper (Nagare et 

al., 2015)  the CE has been calculated with equation 19, which is just equation 4 of this 

manuscript under  assumption that FE = 1. To my understanding, with the CE defined in this 

way the FE should be derived using equation 4 and not with the equation 1. It is correct that 

the time independence of FE  should indicate the contact freezing but it has nothing to do 

with the number of collisions required  to induce the freezing, it can happen on the first 

collision or after several dozens of them and still have to be the dominant mechanism. 

Surely the choice of equation could not be helpful to decide  which freezing mechanism is 

dominating the apparent freezing rate of the droplets. 

Eq. (4) applies when the first of several collisions leads to freezing. This is the case for the plateau 
condition that we used in Nagare et al. (2015) to derive CE for AgI. However, this is not always the 
case. With other setups one can observe the number of collisions that is needed for freezing (e.g. 
Hoffmann et al., 2013a; 2013b; Niehaus et al. 2014). If indeed several collisions are needed to 
induce freezing, Eq (1) leads to a more accurate number for CE. Therefore, one has to decide from 
case to case whether Eq. (1) or (4) applies. This introduces an additional uncertainty in the 
derivation of FE. See also answer to reviewer 1. Since reviewers 1 and 2 were confused by our 
procedure to derive FE, we improve the text in the revised manuscript by adding before Eq. (1): 
"If a droplet freezes after more than one particle hit it, it is not clear which particle induced freezing. 
Assuming that all collisions were needed for freezing leads to the following equation:" 

 
3. Why is the freezing induced by a particle adhering to the surface of the droplet called 

“freezing  inside‐out” throughout the paper? In the original paper (Durant and Shaw, 2005) 

the IN particle was penetrating the surface from inside of an evaporating droplet, hence the 

name. In the present manuscript this name is used to describe the situation where an IN 

particle adheres to the surface and is only partly immersed into the droplet, as compared to 

the fully immersion freezing mode in  IMCA/ZINC. To our understanding, partial immersion 

does not imply a new nucleation mechanism different. As have been shown in (Hoffmann et 

al., 2013a), the contact freezing efficiency of mineral dust IN particles is proportional to the 

surface area of the particle. We argue there that the term “contact freezing” does not imply 

freezing on a point contact but a considerable fraction of particle surface has to be involved 

into the freezing process. The term “freezing inside‐out” was  used to highlight the process 

of penetration of the droplet surface, and is not fully applicable in the  present manuscript. 

Please consider removing this term from the paper. 
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As it is immediately follows from these considerations, the freezing on‐set in purely immersion 

mode should be always observed at higher temperature just due to the fact, that in INCA/ZINC 

droplets are entering the cold zone carrying the IN particles inside, whereas time is needed in 

CLINCH for droplet first to collect an IN particle and then freeze due to one of the freezing 

mechanisms. 

We think that because of the uncertainties to derive FE from FF in CLINCH, we need a clear difference in 
onset temperatures instead of just a difference in nucleation rate to state that either immersion or contact 
freezing is more efficient. Also, in contrast to the reviewers reasoning, the onset temperature of freezing for 
kaolinite in IMCA/ZINC was lower than in CLINCH. 
We do not derive FE for specific mechanisms but for the two different instruments CLINCH and 
IMCA/ZINC. So we have an FE for the CLINCH and an FE for the IMCA/ZINC experiments. We needed 
further analysis, e.g. the comparison of the FE for 2s and 4s residence times in CLINCH to reach 
conclusions concerning the freezing mechanisms. If FE observed for the IMCA/ZINC experiment with 
3 s residence time and FE for the CLINCH experiment with 4 s residence time are similar, this 
indicates that freezing in CLINCH might occur in immersion mode after the droplet has captured the 
particle. To discriminate between collisional contact freezing and immersion freezing we compared 
FE(2s) and FE(4s). 

5. Difference or equality of FE at different reference times is discussed throughout the 

manuscript. However, the difference in FE for different aerosol concentrations (as seen in the 

figure 4) is neglected. This behavior cannot be explained by interplay of the immersion vs. 

contact freezing as  it is done for the residence time dependence. 

Only for AgI aerosols, experiments with different particle concentrations could be performed due to 
experimental reasons. Our analysis in Nagare et al. (2015) showed that at temperatures for which 
the plateau condition is valid, freezing efficiencies for all concentration are the same within 
experimental error. At temperatures for which the plateau condition is not valid, freezing efficiencies 
were higher for experiments where the  number of collisions N > 1. This is discussed in the paper.  
 
 

Specific comments 
1. There is an apparent contradiction between two statements (page 6, lines 21‐25).: “Panel (a) of 

Fig. 4  shows that FE does not exceed 0.5 for C =5000 cm−3 because it is assumed that on average 

2.35  collisions are necessary to freeze a droplet. This led us to Eq. (4) to calculate FE, which assumes 

that already the first collision induces droplet freezing”. If more than one collision is needed to 

freeze the  droplet, the freezing could occur on any of the subsequent collisions, couldn’t it? 

Yes, this introduces indeed an additional uncertainty when the number of collisions in the chamber 
exceeds 1. To make this clearer in the revised manuscript, we now write on pages 6/7: "For this 
concentration and residence time 2.35 collisions occurred in the chamber and freezing might have 
been induced by any of these collisions. Eq. (1) assumes that indeed all collisions are necessary to 
freeze a droplet and gives a lower limit of freezing efficiency. An upper limit is obtained using Eq. (4), 
which assumes that the first collision induces freezing." 
 
 
2. (page 6, lines 25‐26).: “This reinforces the assumption that the first contact leads to droplet 

freezing in  this temperature range and confirms the plateau condition used in Nagare et al. (2015) 

to derive CE.” This  is a confusing statement: in your previous paper the CE was derived from the 

measurements of FF under assumption that FE = 1 (in the plateau region, at T < 245K), and now 

you derive the FE value from essentially the same measurements under assumption of known CE? 

In this case you can’t obtain any other value of FE but 1. 

Yes, indeed. This result is expected. It just shows the consistency of the approach.  

3. (page 10, line 28) Could you clarify why is the solubility of silver iodide important for the contact 

freezing experiments reported in this paper and what do mean by the statement “Moreover the 



freezing  ability depends on the surface charge on AgI particles” (page 11 line 1). 

For an explanation of this, we refer to the companion paper (Marcolli et al., 2016), which has been 
published in ACPD. This paper is a review of the ice nucleation ability of AgI and discusses the 
questions raised by the reviewer in detail. 
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