
Authors’ comments to Anonymous Referee #2 
We would like to thank the reviewer for the thorough review of our manuscript and 
insightful feedback. These comments have significantly improved the quality of our 
work. In the following sections, we present the reviewer's comments (in black), our 
responses (in red), and the changes made in the revised manuscript (in blue). Please 
note that all line numbers in our responses correspond to those in the revised 
manuscript. 
 
 
Overall comments: 
This is a really interesting paper, and it is wonderful to see these innovative experiments 
in a field which has been largely ’stuck’ for many years. The authors use a novel 
experiment where they seed supercooled clouds to produce a high concentration of ice 
crystals, and then observe the outcome of the aggregation of those ice crystals a short 
time later. I do have quite a few comments which I outline below. I hope they are 
helpful. The main weakness for me at the moment is that some of the arguments about 
the interpretation of the data and the physical meaning of the derived aggregation rate 
are a bit ‘fuzzy’ and this leaves the reader feeling uncertain at times whether the 
conclusions drawn by the authors are really supported by the evidence. I think this could 
be tightened up and would make the paper more impactful. Using correlation between 
variables to draw conclusions and develop a physical model can be tricky, particularly if 
the underlying behaviour is obscured by random variability, and their are some places 
where the authors could perhaps rethink some of their conclusions on this (details 
below). I will state at this point that my knowledge of machine learning is very limited, 
and I have given less scrutiny to section 4.2 than to other parts of the manuscript. 
 
Specific comments: 

Section 2.1  
1. On first reading I got a bit confused about where the sampling was happening 

following seeding. From figure 1 it looks like this occurs at essentially the same 
height as where the seeding occurred. Is this correct? If so, what about settling of 
the particles produced, and their aggregates? In a water saturated environment 
crystals grow pretty fast, and might fall of order 100m fall distance in time t. What 
effect might this have on the analysis?  
 
 



2. You say “sedimentation losses within the plume are balanced by ice crystals 
falling from above, which is supported by radar observations” Can you show this 
supporting evidence?  
Response to Q1 and Q2: 
Thanks. Sampling occurs at approximately the seeding height. Although 
individual ice crystals do experience sedimentation, the plume passage time 
scale is short, such that sedimentation mainly results in vertical redistribution 
rather than a net removal of ice from the sampling volume. Radar observations 
do not indicate a systematic downward displacement of the enhanced reflectivity 
associated with the seeded plume, consistent with the absence of a strong 
sedimentation-driven loss. Under these conditions, treating the total number of 
ice crystal monomers as approximately conserved is a reasonable first-order 
approximation for the aggregation-rate analysis. 
L141-144: 
This implies that (i) sedimentation losses within the plume are approximately 
balanced by ice crystals falling from above. This assumption is supported by 
radar observations, which do not show a systematic downward displacement of 
the enhanced reflectivity associated with the seeded plume during the 
observation period (see Fig. 2 in Fuchs et al. (2025)). 
 

Section 2.2  
3. I liked the way that you have attempted to isolate aggregation from other growth 

processes in the cloud by assessing the number of monomers in the aggregates, 
as opposed to looking at the evolution of particle size over time, that seems like a 
clever innovation. Has this been done in any previous literature? 
Ice-crystal aggregation and aggregation efficiency have been investigated in 
previous laboratory and modelling studies, for example using cloud chambers or 
particle size distribution (PSD) evolution to infer aggregation rates or sticking 
efficiencies (e.g. Connolly et al. (2012), as noted in Line 56 of the manuscript). 
Such studies typically rely on bulk metrics—such as changes in mass, number 
concentration, or PSD shape over time—combined with microphysical modelling. 
To the best of our knowledge, however, previous studies have not combined a 
controlled in-cloud seeding experiment with an image-based detection algorithim 
capable of resolving and counting individual monomers within observed 
aggregates. While modelling studies such as Karrer et al. (2020) examined the 
role of monomer number in determining aggregate properties, these analyses 



were purely simulation-based and not applied to in situ observations with a 
known initial ice-crystal population. In contrast, our approach exploits the unique 
combination of a well-defined seeding event from CLOUDLAB and the 
IceDetectNet algorithm (Zhang et al., 2024), enabling monomer-level 
characterization of aggregates observed in real clouds. This provides a direct 
way to reconstruct the initial ice crystal number concentration and isolate 
aggregation from other growth processes over a known residence time. 
 
L64-65: 
…., providing a monomer-resolved level of detail for quantifying aggregation. 
 

4. I do think you could explain equation 1 with greater clarity. It’s the cornerstone of 
the analysis, so the reader should be confident in it, and it took me a while to 
make sense of. For example, you say that “Each detected aggregate containing 
ni monomers was assumed to have undergone (ni−1) aggregation events and 
have ni ice crystals at the initial state t0.” Is this really an assumption? If we are 
saying that everything is a monomer at t = t0 and that you observe ni monomers 
in your aggregate at t = t1, then is there any way that it couldn’t have been 
produced by (ni − 1) aggregation events? (as long as they are all binary 
collisions)  
Thanks for this helpful clarification. We agree that describing the relation 
(𝑛!−1)	as an assumption was imprecise. We have revised the wording 
accordingly. 
L127-129: 
Under the definition that all ice crystals are monomers at the initial time t0 and 
that aggregation proceeds via binary collisions, an observed aggregate 
containing ni monomers has undergone ni − 1 aggregation events to reach its 
observed state at time t1. 

 
5. So then you define Ragg which “represents the mean aggregation rate integrated 

over the residence time”. I think it’s worth being slightly more precise - 
aggregation rate can mean a number of things depending on the context - I 
guess it is a mean number of aggregation events per second per unit volume 
over time interval t? (in fact, I noticed later that you write exactly this on line 203 
later in the paper - can you bring this forward?)  



We agree. We have clarified the definition of 𝑅agg	at its first introduction and now 
explicitly state that it represents the mean number of aggregation events per unit 
time and per unit volume, averaged over the residence time 𝑡. This definition has 
been brought forward to improve clarity and to distinguish it from the 
instantaneous aggregation rate introduced later in the theoretical framework. 
L129-130: 
The aggregation rate Ragg (s−1 L−1) was thus defined as the mean number of 
aggregation events per unit time per unit cloud volume, averaged over the 
residence time t: 
 

6. I found the terminology “residence time” a bit confusing. What do you mean by 
residence in this context? For example, in a lab experiment, you might think of 
residence time as a timescale beyond which all the particles fall out of the 
chamber. Here it just seems to be the time between seeding and measurement, 
so I’m not sure this is the right term to use. Maybe I misunderstood.  
Thank you for pointing this out. We switched the term from ‘residence time’ to 
‘advection time’. 
L93-95: 
The advection time t—the time between ice nucleation and observation—was 
calculated by comparing the times of seeding particles release and first ice 
detection, and using the observed wind speed across the plume to estimate 
advection time. 
 

7. Is there an implicit assumption in the method here that Ragg is constant between 
t0 and t1? One thing you might worry about is that following nucleation there is a 
period of time when there is essentially no aggregation going on, because the 
crystals are tiny and have no relative fall speed. In this time they grow by 
diffusion. And then as they get bigger the aggregation rate ramps up, and we 
should expect from the structure of K (difference in fall speeds x mutual collision 
area) that the aggregation rate should increase as time goes on and the particles 
get bigger (either via aggregation itself, or via riming, deposition etc).  
We agree that, the aggregation rate is not expected to be constant between 
𝑡"and 𝑡#. Immediately after nucleation, ice crystals are small, have very limited 
differential fall speeds, and primarily grow by diffusion, so the aggregation rate is 
likely very low. As the ice crystals grow and the size distribution broadens, the 



aggregation rate is expected to increase, as implied by the structure of the 
collision kernel. 
 
We, however, do not attempt to resolve this time evolution. By construction, Eq. 
(1) defines 𝑅agg as a time-averaged volumetric rate over the interval between 
seeding and sampling. In other words, 𝑅agg represents the mean number of 
aggregation events per unit time and per unit volume over the finite time window 
sampled by the experiment, rather than the instantaneous aggregation rate at 
any particular moment. We have now clarified this definition in the revised 
manuscript. 
L129-131: 
The aggregation rate Ragg (s−1 L−1) was thus defined as the mean number of 
aggregation events per unit time per unit cloud volume, averaged over the 
advection time t: 

 
Section 2.4  
8. In s2.4 you characterise the statistics of your seeded clouds, and estimate the ice 

crystal number concentration at time t0, which are in the ball park of several 
hundred crystals per litre. You then start to compare these numbers to natural 
(unseeded) clouds. I felt this was not very convincing. For example, when you 
say “These levels lie between typical ICNCt0 values reported for deep convection 
(Heymsfield and Willis, 2014) (∼ 100L−1 ) and those associated with secondary 
ice production in convective systems (Korolev et al., 2020) (∼ 1000L−1 )”, you 
seem to imply that in convective clouds without active secondary ice a typical 
ICNC is 100 per litre, which is not consistent with what I understand about. 
heterogeneous ice nucleation, nor with my reading of the Heymsfield and Willis 
paper, where they say in their discussion “The concentrations of this primary ice 
are on the order of 1 − 2 L−1”. When there is ice multiplication, the number of ice 
particles can of course be much higher, and more similar to your experimental 
conditions. In general I think this comparison is not particularly compelling or 
useful: the purpose of seeding these clouds (presumably) is to control the 
number of ice particles by making them much more numerous than they would 
naturally be in that kind of cloud. I think the reader can probably accept that the 
aggregation process is the same, even if the concentration of particles is rather 
high, and I would favour making that argument a little more strongly, and toning 



down the argument that what you have created is comparable to typical 
conditions in a natural system. 
Thanks. We agree that the initial ice crystal number concentrations produced in 
our seeded clouds are not intended to represent typical primary ice 
concentrations in unseeded convective clouds, which are often much lower (of 
order 1–10 𝐿$#) in the absence of ice multiplication, as discussed by Heymsfield 
and Willis (2014). Our previous wording may have overstated the comparability 
between the seeded ICNC%" values and those in natural clouds. We have 
therefore revised the text to remove the direct quantitative comparison with 
typical natural-cloud ICNC values and instead clarify that the aggregation 
process is governed by the same underlying collisional physics. 
L176-177: 
While these concentrations are higher than those typically found in unseeded 
clouds (Heymsfield and Willis, 2014), the aggregation process is governed by the 
same underlying collisional physics. 
 

Section 3.1.1  
9. On line 204 you make a connection between Ragg and the ICNC, by writing Ragg 

= 1 2 K(D1, D2, T)N1N2 and say “where N1 and N2 are the number 
concentrations of two ice crystal populations of sizes D1 and D2, T is 
temperature, and K(D1, D2, T) is the collision kernel, which depends on ice 
crystal size, shape, fall speed, and ambient conditions (Connolly et al., 2012)”. It 
would like to encourage the authors to make this writing and arguments around 
this part of the study a bit more precise. What situation is being modelled here? 
The LHS is your mean rate of aggregation over some time interval t, averaged 
over all aggregates observed. The RHS is the instantaneous rate of aggregation 
of two types of particle (labelled 1,2) with each other. Are these things really 
equal? And under what assumptions? What do population 1 and 2 refer to in this 
context? And how does that relate to the formation of aggregates which may 
contain several monomers? 

 
10. In the text you say K depends on the sizes and ”ambient conditions” but in the 

equation we have the size and T. Is T the only relevant condition?  
 
11. In what follows you say the simplest case is where the population is 

monodisperse, and then set N1 = N2 = ICNCt0 . An obvious objection to this is 



that collisions are normally driven by difference in fall speeds, so if all the 
particles are the same, K = 0 and nothing happens. The other objection is that by 
definition the system cannot remain monodisperse while the crystals are 
aggregating; aggregation happens via collisions between clusters and monomers 
or one cluster + another cluster, and so then you need multiple terms on the RHS 
(with an awareness than Ni evolve over time)  

 
12. I’m not trying to negate your overall argument about how Ragg should scale with 

ICNCt0 here: it’s just that I don’t think the text and equation convince the reader 
of the point you’re trying to make. Interpretation of weak correlations.  

 
Response to comments 9-12: 
We agree that our original wording around Eq.~(2) was not sufficiently precise 
and could give the impression that the diagnosed aggregation rate is directly 
equivalent to the instantaneous kinetic aggregation rate. 
In the revised manuscript, we now clearly distinguish between the 
instantaneous aggregation rate from kinetic theory and the mean aggregation 
rate 𝑅&''derived from observations. The definition of mean aggregation rate is as 
clarified in response to comments 5 and 7, and the term instantaneous has been 
added for ‘instantaneous aggregation rate’. 
We have also revised the description of the collision kernel by replacing “ambient 
conditions” with ‘temperature’. 
We agree that the earlier “monodisperse” formulation was misleading and 
physically inappropriate. In the revised text, this assumption has been removed 
and replaced by a more general scaling argument. Specifically, the kernel-based 
expression is now used only to motivate the expected scaling with ICNC%". 

 
L209-218: 
… instantaneous aggregation rate (Seifert and Beheng (2006) Eq.62), …. K(D1, 
D2, T) is the collision kernel, which depends on ice crystal size, shape, fall 
speed, and temperature….In the simplest case, if the shape of the size 
distribution is approximately preserved and only its overall magnitude changes 
with the total ice number concentration, then the concentrations of the relevant 
size classes, N1 and N2, both scale linearly with the initial total ice concentration, 
ICNCt0. Under this approximation, both the instantaneous and time-averaged 



aggregation rates are expected to scale as Ragg = K(D1, D2, T )(ICNCt0)2. 
Motivated by this scaling,… 

 
13. I encourage the authors to think about what is a meaningful correlation - i.e. 

something with a clear distinction from statistical independence / random noise. 
For example the connection between aggregation rate and temperature - I can 
draw a horizontal line through all of the data points (within their error bars) in 
Figure 5 - or even make a line with a negative slope. So I was not at all 
convinced that a ‘real’ correlation is present, even a weak one. 
We agree that the evidence for a statistically robust temperature dependence is 
weak when assessed purely from correlation metrics. In the revised manuscript, 
we have therefore restructured and revised our words to avoid over-interpreting 
the correlation.  
L248-262: 
To investigate the role of temperature in shaping aggregation, motivated by the 
higher aggregation rate observed in the warmer case (SM054) compared to the 
colder case (SM069), we first examined how ice crystal size and geometry differ 
between warmer and colder experiments. Using the same representative cases 
shown in Fig. 3, we compared the warmer case SM054 (−5 ◦C) with the colder 
case SM069 (−7.6 ◦C). Consistent with known temperature-dependent ice habits, 
the warmer group (above −7 ◦C) consisted almost exclusively of columnar ice 
crystals (Fig. E1a), whereas the colder group (below −7 ◦C) included both 
columnar and plate-like crystals (Fig. E1b). Correspondingly, the warmer case 
exhibited consistently broader distributions of both major axis length and aspect 
ratio (Fig. 6). This behavior was not unique to these two cases: across the full 
dataset, warmer experiments showed broader distributions of major size (Fig. 2e) 
and aspect ratio (Fig. 2f) than colder experiments. Increased variability in crystal 
size and shape broadens the range of fall velocities among ice crystals 
(Heymsfield, 1972; Mitchell, 1996), which is expected to enhance collision 
frequency and thereby promote aggregation. 
Consistent with this interpretation, aggregation rate shows a very weak positive 
association with temperature across all experiments (Pearson r = 0.43, p = 
0.053; Fig. 5). While this relationship does not reach conventional significance 
levels and may therefore be difficult to distinguish from noise over the limited 
temperature range sampled, it is qualitatively consistent with the observed 



structural differences in the ice population and with previous laboratory studies 
suggesting enhanced aggregation under warmer conditions (Hosler et al., 1957). 
 

2.1 Section 3.2: causal graph  
14. This causal graph process is described very briefly. This is not a standard 

method in cloud physics (to my knowledge), so is worth adding a little more detail 
to. You say “The graph structure was specified by combining prior physical 
knowledge with statistical dependencies inferred from the data”. This implies 
there are some subjective choices required, so it would be good to say what 
these were and how you made those choices.  

 
We agree that the description of the causal graph construction was too brief. In 
the revised manuscript, we add more descriptions and now clarify how the DAG 
structure was specified.  
L276-280: 
Specifically, candidate causal links were first proposed based on established 
microphysical understanding of ice aggregation (e.g., ICNC, size, and habit 
influencing collision and sticking probability), while arrows implying physically 
implausible causality (e.g., aggregation rate influencing temperature) were 
excluded a priori. Statistical associations were then used to assess whether the 
proposed links were supported by the data. The final DAG therefore reflects a 
physically constrained causal hypothesis rather than a data-driven structure 
learned automatically. 
 

2.2 Dependence of aggregation rate on ICNC in models 
15. In various places you allude to numerical model microphysics schemes and say 

that some of them assume aggregation rate scales linearly with ICNC. Could you 
make these links more explicitly please? These papers (Lin et al, Morrison and 
Milbrandt) are big, and also there are different forms of aggregation represented 
within them - for example in Lin et al aggregation between ice crystals is a very 
crude auto conversion arrangement, while snow - ice aggregation is an 
integration of the collection kernel over the PSD 
We now clarify the precise links to operational microphysics schemes. In the Lin 
et al. (1983) scheme, the aggretaion rate of ice crystals is given by their Eq. (21): 

𝑃SAUT = 𝛼#(𝐼() − 𝐼"), 
 



where 𝐼() is the ice mixing ratio and 𝛼#is a temperature-dependent rate 
coefficient and 𝐼"	 is a threshold. Thus, within this scheme, the aggregation 
tendency is explicitly linear in 𝐼(). To relate this to ICNC, we note that the 
scheme diagnostically links mixing ratio and number concentration via 

𝑞! = 𝑁!  𝑚! , 
 
where 𝑚! is the prescribed mass–diameter relation for ice particles. For a fixed 
mass–diameter parameterization (and the narrow size distributions typical of our 
seeded clouds), 𝑚! varies weakly, so 𝑞! scales approximately linearly with 𝑁!. 
Therefore: 

𝑃SAUT ∝ 𝐼()     ⇒     𝑃SAUT ∝ 𝑁!    (i.e. ICNC). 
 
This linear dependence contrasts with the quadratic dependence expected from 
collision-kernel theory for binary aggregation, and is the motivation for examining 
the empirical ICNC dependence in our data. We have added this clarification to 
the revised manuscript. 
 
L373-378: 
However, several bulk microphysics schemes adopt a linear dependence. For 
example, in Lin et al. (1983), the aggregation rate is parameterized as being 
proportional to the ice mixing ratio (Lin et al. (1983) Eq. 21). Because the mixing 
ratio is given by the product of number concentration and mean ice crystal mass, 
this formulation effectively yields a linear dependence on number concentration 
when the ice-crystal-mass–number relationship (i.e., the as 
sumed PSD shape) is held fixed within the scheme. Similar linear forms also 
appear in two-moment parameterizations such as Morrison and Milbrandt (2015). 

 
 
2.3 Parameterisation of temperature effect  
16. I understand the idea of setting the temperature dependence in eq 2 as exp(β1T) 

but this strong nonlinearity seems hard to justify from your data, perhaps 
because your range of T is fairly limited. So I think this is worth thinking and 
discussing carefully.  

 
17. You say “The temperature coefficient (ϵ1 = 0.18) indicates a positive sensitivity 

to temperature, consistent with laboratory evidence (Hosler et al., 1957) as well 



as the causal graph and SHAP findings, though the effect is modest”. It’s modest 
in the small range of T you sampled. But if you applied exp(0.18T) to colder 
clouds (e.g. -15°C), the aggregation rate will be scaled down very sharply - and I 
think you need to caution the reader against extrapolation without further data to 
support that  
Thanks. We agree that the exponential temperature term in Eq. (2) should be 
interpreted strictly within the limited temperature range sampled in our 
experiments (−7.8 to −4.7∘C). Over such a narrow interval, different functional 
forms (e.g., linear, exponential, or weak power-law) are statistically difficult to 
distinguish, and the exponential term is used here as a flexible local 
representation rather than a globally valid physical law. However, it should not be 
extrapolated to substantially colder conditions, as this would imply an 
unrealistically strong temperature sensitivity. We have revised the manuscript to 
clarify that the fitted coefficient reflects behavior only within the observed 
temperature range and does not imply validity outside of it. 
L409-410: 
However, this coefficient reflects only the behavior within our observational 
temperature range (between −4.7 ◦C and −7.8 ◦C). 

2.4 The influence of riming  
18. I was surprised that riming had no influence on the aggregation rate in your 

analysis. Riming enhances particle fall speeds (and their dispersion), which you 
would expect to drive collisions. You don’t analyse riming initially in s3, but then 
your bring it in for the DAG. At this point you then dismiss it, since its (indirect) 
influences largely cancel out. However, I wondered: is this a consequence of the 
design of the graph? You don’t allow RR to directly affect Ragg as far as I can 
see. Would the conclusion be different if you allowed that possibility? Or maybe 
there is not enough variation in RR in your dataset to evaluate this?  

 



 
Figure 1 Causal graph of factors influencing aggregation rate. The directed acyclic graph illustrates the inferred direct and 
indirect influences on the aggregation rate (R_agg) from five predictors: initial ice crystal number concentration (ICNCt0), 
temperature (T), major axis length (MajSiz), aspect ratio (AR), and riming ratio (RR). Nodes represent variables, and arrows 
indicate causal pathways. Arrow thickness and labels denote the magnitude and sign of the standardized effects (change in 
R_agg in standard deviations per one-standard-deviation change in the predictor). 

19. In your conclusion you make a strong statement that “riming showed no 
detectable effect, showing that riming and aggregation are largely independent 
processes” I don’t think you have the evidence to draw such a strong conclusion 
Response to comments 18-19: 
We agree that our earlier wording did not sufficiently clarify the riming conditions 
of our experiments. Most rimed particles in our dataset exhibit only light riming 
(Fig.12 in main text), which limits the extent to which riming can modify fall 
speeds or collision efficiencies. Under such conditions, any riming–aggregation 
coupling is expected to be subtle. 
Allowing RR to directly influence 𝑅agg in the DAG does not change this 
conclusion: the fitted direct coefficient remains very close to zero (–0.01, as 
shown in Fig 1), indicating that the data provide little support for a detectable 



effect within our experimental range. We have now clarified this in the 
manuscript. 
 
L290-295: 
RR has a negligible direct effect on aggregation (−0.01). RR indirectly increases 
the major axis length (+0.31), which tends to promote aggregation; however, the 
positive contribution of major size to the aggregation rate (+0.08) is itself very 
small. Moreover, most rimed ice crystals in our measurements exhibit only light 
riming (Fig.12 in main text), limiting the potential for riming-induced 
enhancements in fall speed or sticking efficiency. Under these specific 
experimental conditions, the overall influence of RR on aggregation appears 
minimal, suggesting that any coupling between riming and aggregation is weak 
or not detectable within these experiments. 

 
2.5 The influence of turbulence  
20. You quickly determine that eddy dissipation rate from the radar is not correlated 

with aggregation rate and dismiss this as a parameter of interest for the rest of 
the paper, returning to it in the conclusions “EDR showed no significant 
correlation with aggregation rate. This likely reflects our coarse resolution (∼ 30 
m) compared to the Kolmogorov and inertial subrange scales. (∼ 0.1 mm – 10 m) 
where turbulence is expected to influence collisional growth (Pumir and 
Wilkinson, 2016), with additional masking by strong turbulence, narrow size 
distribution, and the dominant effects of ICNCt0 and temperature.”. In appendix B 
you make a similar statement: “our measurements average over spatial scales 
far exceeding those at which turbulence is theoretically expected to influence 
collisional growth”. I don’t really understand your argument here. It seems to 
imply the dissipation rate is scale-dependent - which of course it isn’t (at least, 
within the usual Kolmogorov cascade framework). As long at your 30m radar box 
is within the inertial sub range (which I would suggest is likely), then there is not a 
problem.  

 
21. Why are the Kolmogorov and inertial subrange scales the length scales where 

turbulence is expected to influence collisional growth? I would have expected the 
relevant scales to be related to the particles and their microphysical 
characteristics.  

 



22. I also didn’t understand your references to masking by “strong turbulence” and a 
narrow size distribution - please could you elaborate and make this more 
concrete, or remove if speculative.  

 
23. You seem to not include the simpler possibility that aggregation is genuinely 

insensitive to dissipation rate, over the range of EDR that you sampled? 
 
Response to comments 20-23: 
We agree that our earlier explanation overly emphasized scale considerations 
and did not adequately clarify the physical reasoning. In the revised manuscript, 
we no longer attribute the lack of correlation to sampling resolution. Instead, we 
now discuss three physically grounded factors that may limit detectability of 
turbulence effects in our dataset: (i) the seeded clouds exhibit relatively strong 
background turbulence, such that aggregation-relevant turbulence effects may 
already be near saturation; (ii) the size distributions are narrow, reducing 
turbulence-driven differential fall speeds; and (iii) the dominant influences of 
ICNCt0 and temperature can mask any secondary dependence on EDR in short-
lived plumes. 
We have also clarified that the simplest interpretation—that aggregation is only 
weakly sensitive to EDR over the dissipation-rate range sampled—cannot be 
ruled out. The revised text now reflects this more balanced interpretation. 
L474-476: 
EDR showed no significant correlation with the aggregation rate. This finding 
likely reflects the combined effects of narrow size distributions and the dominant 
roles of ICNCt0 and temperature in these seeded clouds. Within the EDR range 
sampled, aggregation appears to be at most weakly sensitive to EDR, and any 
residual dependence is small compared with other controlling factors. 
 
L507-520: 
We evaluated whether turbulence intensity, represented by EDR, influenced the 
aggregation rate across the 21 seeding experiments. No significant correlation 
was found in either the warmer (r = 0.29, p = 0.321) or colder (r = -0.14, p = 
0.767) temperature regimes. Mean aggregation rates remained largely invariant 
across EDR bins, with substantial within-bin variability. HOLIMO imaged cloud 
particles within a three-dimensional volume of 11.76 cm3 at 20 Hz during seeding 



conditions (Fuchs et al., 2025; Ramelli et al., 2020, 2024), yielding an effective 
spatial resolution of approximately 1 m along the flight path.  

 
Several factors may contribute to the absence of a detectable EDR signal: (1) the 
ice crystal size distribution in seeding experiments was relatively narrow and 
often dominated by specific ice habits, unlike the broader and more complex size 
distributions typical of natural mixed-phase clouds, which may limit the ability to 
robustly identify turbulence-related effects in the available observations; and (2) 
the dominant influence of ICNC and temperature on aggregation rates could 
obscure turbulence effects, particularly in short-lived seeded clouds. A more 
straightforward interpretation is that aggregation is only weakly sensitive to EDR 
within the range of dissipation rates sampled here, and any remaining 

dependence is small relative to the dominant effects of ICNCt0 and temperature. 
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