
 
1 Introduction 
The authors introduce a new extension of the lagrangian microphysics 
schemes- the splitting and merging algorithm. The splitting part of the 
algorithm increases the resolution of the lagrangian microphysics scheme for 
big droplets. This is especially important for correctly representing the 
collisions between droplets and the resulting onset of precipitation. The 
merging part of the algorithm decreases slightly the computational cost of the 
splitting algorithm. Both developments are described and tested. The paper is 
well written and interesting for the GMD community. It should be published 
after some corrections and additional tests. 
 
First of all, we would like to thank the reviewer for the detailed and 
constructive feedback. With the help of this review we hope to have 
considered all missing points and open questions. 
 
2 Major comments 
• ​A lagrangian microphysics scheme can represent collisions in different ways and 
can be initialized in different ways. Both choices have big impact on the accuracy 
of the scheme, Unterstrasser et al. (2017). Here the authors in their implementation 
of the lagrangian microphysics scheme use the most accurate way to represent 
collisions (the all-or-nothing algorithm Shima et al. (2009)). This is great. However, 
they initialize the droplet size distribution with constant weighting factors. This is the 
worst initialization strategy for representing collisions, see Figure 1 in Unterstrasser 
et al. (2017). It cannot be said that this is the standard way to initialize lagrangian 
microphysics schemes. Other groups initialize their schemes in different ways, see 
for example Unterstrasser and Sölch (2014), Arabas et al.(2015). Because this work 
focuses on improving the representation of collisions between droplets, such a 
bad-for-collisions initialization choice is not justifiable. The authors should also test 
their splitting and merging algorithm with a better initialization way (any of the 
singleSIP, multiSIP or ν random from Unterstrasser et al.(2017) would suffice). 
Redoing the single cloud and cloud field simulations might be to expensive and 
unnecessary for the purpose of testing. However, it would be very interesting to see 
the single and multi-box tests done again with a different initialization choice. Does 
the splitting and merging algorithm improve the results as much for a different 
initialization choice Are the multi-box simulations really necessary if the droplet size 
distribution is initialized correctly? How does the estimate given in line 25 on page 15 
change with a better initialization? 
Author's answer:​ That objection is correct. We already performed single-box 
simulations with singleSIP initialization to validate our collision algorithm. These 
simulations show that we achieve very good results with 87 particles per grid box 
compared to the bin model. For this initialization, splitting only results in a slight 



reduction of fluctuations compared to simulations with a small number of 
superdroplets. However, as described in the paper, in real 3D applications, as with 
an idealized box model, it is not guaranteed that large drops (relevant as collision 
embryos) are statistically sufficiently represented. In fact, many 3D LCM applications 
use the same weighting factor for all superdroplets in their simulations, which we 
tried to mimic in our box simulations.  
 
Modification (concerning different initialization): ​As reference, the singleSIP 
initialization of Unterstrasser et al. (2017) is used for the single-box model, too. In 
contrast to the previously described initialization, the initial DSD is discretized using 
logarithmically spaced bins. The number of bins corresponds to the number of 
superdroplets. To each bin, a superdroplet with a corresponding mean radius and 
weighting factor is assigned. The maximum radius of the initial distribution is 
approximately 33 μm, which corresponds to a number of concentrations of 1/∆V . 
This avoids superdroplets with a weighting factor less than 1. Note that this (not 
always applicable) initialization technique represents the inherent variability of 
droplet radii and their abundance across the initial spectrum much more accurately 
than the previously described method, and, therefore results in a much better 
agreement with literature 
references. ​(page 8 line 6) 
[...] 
Figures 1 and 2 show the mass density distribution after 3600 s and the temporal 
development of the moments for the LCM applied as a single-box model using the 
singleSIP initialization by Unterstrasser et al. (2017). Each grid box is initialized with 
a different number of superdroplets (colored lines). The reference solution of Wang 
et al. (2007) is shown as a black solid line. Figure 1 shows that even with 87 
superdroplets the solution of Wang et al. (2007) can be reproduced well and a 
further increase 
in the number of superdroplets only leads to minor improvements. The small 
deviations between the bin model solution and the LCM can be traced back to the 
different solution of the collection equation (e.g., Dziekan and Pawlowska, 2017). 
Overall, it can be seen that the solution of the LCM converges with an increasing 
number of superdroplets. The moments of mass distribution (Fig. 2) also show 
convergence with an increasing number of superdroplets. This good representation 
of collision growth is in line with the results with Unterstrasser et al. (2017). 
Now, Figs. 3 and 4 show the same quantities but for the initialization with identical 
weighting factors. 
(page 8 line 29) 
 
• ​page 6 line 3:​ What is more important in counterbalancing the increase in super- 
droplet number due splitting algorithm? - Is it the limiting number of super-droplet 



per grid-box N​P,max ​or merging algorithm? What is the impact of merging on the 
possible future activation of merged super-droplets to cloud droplets? What is the 
resulting resolution of the scheme for aerosol particles after merging? Is merging 
more accurate than using super-droplets just for representing clouds and 
precipitation and parameterizing activation process, as it is done in Grabowski et al. 
(2018)? 
Author's answer:​ Both, the merging algorithm and the limitation of the number of 
superdroplets, are very important mechanisms to keep the number of superdroplets 
at a computationally feasible level. However, they work in different places. N​P,max 
limits the number of superdroplets of a grid box inside the cloud, which is necessary 
to compute collisions in a reasonable amount of time (the performance of the 
collision algorithm is O(N^2)). Merging, on the other hand, nudges the superdroplet 
concentration outside the cloud to the initial superdroplet concentration. Overall, 
N​P,max​ is a necessary constraint to be able to perform the simulation with splitting, 
while merging is a good supplement to save computing time. 
 
In this study, the explicit representation of activation (which is a strength of LCMs) 
was neglected. At present, the merging algorithm would not take into account the 
size and chemical composition of aerosols. Although certain additions to the merging 
algorithm to cope with the size and chemical composition of aerosols are imaginable, 
they are out of the scope of the is manuscript.  
 
In contrast to the approach of Grabowski et al. (2018), our approach would allow to 
track detailed changes in the number (and, in possible future applications, the size 
and composition) of aerosols. In that sense, merging is more accurate but needs 
more computing time and memory since the baseline number of  superdroplets is 
higher. 
 
Modification (page 6 line 19): ​See modifications to next comment and comment 
concerning “page 15 line 27”. 
 
• ​page 6 line 16-19:​ The mass conservation is a necessary constraint. But it is not 
enough to determine the super-droplet properties after merging. For the purpose 
of this study it’s probably not important to have a more detailed strategy for 
determining super-droplet properties after merging. However it might be important for 
aerosol processing or secondary activation of aerosol particles to cloud droplets. 
Having that in mind, what would be the best way to determine the super-droplet 
properties after merging? For example: The current one assumes that the 
super-droplet radius after merging is equal to the radius of the super-droplet with the 
bigger weighting factor. An alternative could be to assume that the weighting factors 
are summed and to calculate the new radius from the mass conservation? 



Author's answer:​ Thanks for that suggestion, we also did this. Furthermore, we 
merged the two most similar superdroplets, summing both weighting factors, and as 
you suggested, calculate the new radius. However, the results shows no difference 
to the current method except that the actually applied algorithm is computationally 
more efficient, which is a strong cause for the usage of the proposed method. 
Modification (page 6 line 19): ​Moreover, a more advanced method where the most 
similar droplets (within one grid box) concerning their mass are merged was tested. 
Using this, simulations shows that there are no indications for different results using 
the advanced method. However, due to a sorting process the computing time is 
increased in comparison to the simple method.  
[…] 
Furthermore, it must be mentioned that the merging algorithm described here, do not 
conserve size and chemical composition of the aerosol. Therefore, studies that 
explicitly simulate the activation process may have to adapt the merging algorithm. 
(page 6 line 25) 
 
• ​page 7 line 11:​ Are all the boxes in the multi-box simulation homogeneous and 
there is no droplet sedimentation? If yes, what is the difference between the 
introduced here multi-box approach and a single-box simulation that would use a 
better way to initialize the droplet size distribution (with a better initial representa- 
tion of the tail of the distribution) and use the same total number of super-droplets 
as the multi-box simulation? What is the total volume simulated in the multi-box 
approach vs the single-box? Is multi-box approach increasing the simulated vol- 
ume only to introduce different realizations of the initial condition to counter the 
problems introduced by the constant weighting factor initialization? 
Author's answer:​ Yes, in the multi-box approach droplet sedimentation is not 
considered. The multi-box approach is an attempt to represent collisional growth with 
an unfortunate initialization (limited number of superdroplets per grid box and (high) 
constant weighting factor) under idealized conditions (box model simulation, with 
initial size spectrum), while allowing superdroplets to move between grid boxes as in 
a three-dimensional simulation. Of course you are right an unfettered comparison 
between the single-box and multi-box approach is not fair. 
 
And we agree that the multi-box approach increases the simulated volume by 
introducing different realizations of the initial conditions, which partly counters​ ​the 
problems introduced by the initialization with a constant weighting factor. 
However, the relative differences are interesting. Seeing that in the multi-box 
approach splitting of the largest droplets is a powerful tool to mitigate a bad 
initialization and to represent the size droplet distribution is as good as it is with 1000 
superdroplets (in the multi-box approach) initially. 
 



When a different initialization is used (singleSIP from Unterstrasser et al (2017)), 
which is now displaysed in Figs. 1 and 2, no splitting or multi-box approach is 
necessary to reach a high agreement with the bin reference. However, as shown in 
comment to page 7 line 6, initializing LCMs with a constant weighting factor is 
common in many LES-LCM applications. 
Modification (page 7 line 11):​ Modifications to this comment are included in the 
changes related to the first comment of the reviewer (see first major comment). 
 
• ​Both the high super-droplet concentration simulations​ (Fig 5) and the splitting 
simulations (Fig 7) overestimate the biggest droplet sizes. Why? Would using even 
more super-droplets allow to reach better agreement with the bin reference 
simulation for the biggest droplet sizes? 
Author's answer:​ The underlying problem here is the initialization, which cannot be 
fixed by splitting. The initialization with constant weighting factors will always deviate 
from the exponential initialization used by Wang et al. (2007). Therefore, subsequent 
collisions, which are improved by splitting, cannot agree with the bin-solution by 
Wang et al. (2007) whatsoever. Thus, the decreasing difference among the different 
LCM simulations, as it is occurring due to splitting, needs to be seen as a proof of 
concept, and not the comparison with the bin results.  
Modification​ (​page 11 line 2): ​Again, general differences between the models are 
caused by the (problematic) initialization, which cannot be fixed by splitting. The 
initialization with constant weighting factors will always deviate from the exponential 
initialization used by Wang et al. (2007). Therefore, subsequent collisions, which are 
improved by splitting, cannot agree with the bin-solution by Wang et al. (2007) 
whatsoever. Thus, the decreasing difference among the different LCM simulations, 
as it is occurring due to splitting, needs to be seen as a proof of concept, and not the 
comparison with the bin results. 
 
• ​page 11 line 14:​ What is the benefit of using a 3-dimensional simulation setup 
if the initial condition is 2-dimensional? Using a 2-dimensional setup (with cyclic 
boundary condition in the missing dimension) would reduce the computational 
cost by two orders of magnitude. This in turn would allow to test the performance, 
accuracy and convergence of the scheme for two orders of magnitude higher 
super-droplet concentrations. 
Author's answer:​ This setup was used because it is well known and extensively 
tested by our group (Riechelmann et al., 2012, Hoffmann et al., 2013, Hoffmann et 
al., 2017). We agree that a full three-dimensional cloud setup is more appropriate 
and we will switch to such a setup in the future. However, using a pure 
two-dimensional setup would lead to a different evolution of turbulence, even though 
this may be negligible in our study. Moreover, since the computing time increases 
quadratic with the number of superdroplets per grid box and the parallelization is 
done in vertical columns the estimation that a two-dimensional setup would allow by 



two orders of magnitude higher superdroplet concentrations is unfortunately not 
applicable to our model. 
 
• ​Figure 11:​ I agree that eliminating the fluctuations in the size distribution of big 
droplets is a good result. However, the box model tests (Fig 5 and 7) show 
that the lagrangian scheme overestimates the sizes in the large tail of the droplet 
distribution. Therefore the fact that the biggest drop size for the simulation with 
splitting is 350μm bigger might not necessarily be an improvement? 
Author's answer: ​Differences in the box-model simulation to the bin model are 
caused by the initialization (see comment to Fig. 5 and 7), which are specific to the 
box-simulations and the comparison with the bin-solution. Accordingly, the fact that 
the maximum droplet size is increased in more-dimensional simulations, should be 
seen as an improvement gained from the better representation of collision and 
coalescence.  
 
• ​Figure 11 and 12:​ Is there any change in the behavior for the small droplet sizes 
at t=3000s (end of the simulation) that is caused by merging? 
Author's answer:​ No, merging affects only superdroplets with radii smaller than 0.1 
µm in non-cloudy regions. Accordingly, these particles contain too little water to 
affect any of the displayed quantities.  
 
• ​Figure 13 c, d, f:​ Why is the simulation with the biggest initial concentration of 
super-droplets (N=186) the biggest outlier? Out of the simulations without split- 
ting and merging I would expect the one with initial N=15 to perform the worst 
and not the best. If the resolution for big droplets is important for collisions then 
the N=186 simulation should be better than N=15? Would running an ensemble 
average help? Or is this behavior consistent for even higher initial super-droplet 
concentrations? 
Author's answer:​ This objection is correct. We decided to run an ensemble for each 
reference simulations (5 simulations for each case). They show that differences in 
the RWP and Z can be traced back to different model realizations.  In the revised 
manuscript (Fig. 15), we now show the ensemble mean and range of the different 
model realizations.  
Modification​ (​Ensembles of single cloud): ​All splitting configurations show higher 
RWPs in comparison to the reference runs without splitting.This increase of up to 
12% is a direct result of the improved collisional growth process in the splitting 
configurations, resulting in more numerous and larger rain drops.This is also 
observed for the radar reflectivity (Fig. 11d), which is proportional to the second 
moment of the DSD and hence more sensitive to larger droplets. 
 
In the reference simulations (represented as a mean of 5 ensemble for each case) of 
Figs. 15c and 15d, one can seen an increase in the precipitation parameters (RWP, 



radar reflectivity and precipitation sum) for an increased number of superdroplets. 
However, the differences among the ensembles members are quite large, which is 
shown by the range (gray area) and the band of plus-minus one standard deviation 
from the mean (light blue area) derived from all 15 ensemble members. Overall, the 
splitting simulations have a slight tendency to compare better with the reference 
cases using 87 and 186 superdroplets. Admittedly, since the results are (for the most 
part) within one standard deviation, it can be concluded that splitting has no 
significant influence on the global precipitation parameters. 
(​page 14 line 14) 
[...] 
Considering the temporal variability of the precipitation rate and total precipitation 
(Fig. 17e and f), no significant changes are detectable using splitting or a very high 
number of superdroplets ​in contrast to the single cloud simulations presented in the 
last section​. ​This is foremost a result of the larger model domain alone, which 
attenuates variability simply by averaging.​   (​page 16 line1) 
[...] 
In the idealized single cloud simulation, splitting improved the representation of 
collisional growth with up to 70 % larger maximum radii ​and a slight increase of the 
rain water path of up to 12 %​. 
(page 16 line 31) 
[...] 
Figure 15: Ensemble results added. 
 Timeseries of different variables for the idealized single cloud simulation for different 
initial numbers of superdroplets and splitting configurations. In (a), the ratio of the 
actual and initialized number of superdroplets in the whole model domain is shown. 
The liquid water path (LWP) and rainwater path (RWP) are displayed in panels (b) 
and (c), respectively. In (d), the total radar reflectivity is shown. Panels (e) and (f) 
show the precipitation rate and total precipitation, respectively. The reference 
simulations (runs without splitting) are presented as a mean of five ensembles for 
each case. Moreover, the light blue areas show the mean plus-minus one standard 
deviation and the gray areas show the range derived from all 15 ensemble members. 
 
• ​page 14 line 6:​ What is the computational cost and storage demand increase due 
to splitting algorithm? 
Author's answer:​ This question must be answered separately. A short answer is: 
the computing time increases about 0-20% in dependence of how many particles are 
created (for the idealized cloud setup). Here, we see that the simulation ​S20​ requires 
19.2% more computational time than the reference simulation​ const.​ ​N​p​87​. By 
applying splitting the simulation ​S20 merging​ needed nearly the same computational 
time than the reference simulation and was only 1.2% slower. 
The storage demand can be estimated from figure 13a. The ratio of the actual 
number of superdroplets to the the initialized number of superdroplets is a measure 



of the increased demand, where the highest increase can be observed for ​S10​ which 
is about 15%. 
Modification (page 15 line 3): ​To estimate the increase in computing time due to 
splitting, we conducted three simulations (const. N​P​87, S20 and S20merging) with 
comparable time measurements. The constraint to three simulations is caused by a 
special mode which is required for time measurements on the supercomputer but 
leads to an increase in computing time. Here, we observe that a splitting-simulation 
S20 require 19.2% more computing time than the reference simulation const. N​P​87. 
If applied, merging allows a massive reduction of the number of superdroplets, 
reducing the computing time by 18% and the storage demand (which is proportional 
to the number of superdroplets) by at least by 7% compared to simulations applying 
only splitting (Fig.13a). All in all, the simulation applying both splitting and merging, is 
only 1.2% slower than the reference simulation const. N​P​ 87. 
 
• ​page 15 line 13:​ The work by Dziekan and Pawlowska (2017) shows that when 
used in high-enough resolution the lagrangian methods truly do resolve the collisions 
between droplets. The tests presented in Unterstrasser et al. (2017) also suggest 
that when initialized correctly and when using a good algorithm for representing 
collisions the lagrangian microphysics schemes can represent collisions for coarser 
resolution settings (i.e low initial super-droplet concentration). The splitting and 
merging algorithm presented here is a valid improvement. It is especially important 
for large eddy simulation applications when by necessity the lagrangian schemes 
have to be used with low super-droplet concentrations. Nevertheless in my opinion, 
saying that in general the lagrangian methods are known to insufficiently represent 
collisions is not justified. 
Author's answer: ​Sorry for this misunderstanding. This statement is based on the 
insufficient representation of the collision growth of LCMs under certain initializations 
when a constant and large weighting factor is used. We definitely agree that LCMs 
with different initialization methods are able to represent collision very well (e.g. in 
box models) even without splitting. However, in certain applications it is not always 
possible to use such initialization methods (like singleSIP or multiSIP). 
Modification (page 16 line 12): ​These models are able to represent collision and 
coalescence well (Unterstrasser et al., 2017;Dziekan and Pawlowska, 2017). Under 
certain conditions, however, they are known to insufficiently represented this 
process. 
These conditions occur when the number of superdroplets is low and, accordingly, 
the number of real droplets represented by each superdroplet (the so-called 
weighting factor) is high, leading to an oversimplified representation of the droplet 
size distribution (DSD) (Riechelmann et al., 2012; Unterstrasser et al., 2017). 
 
 
3 Minor comments 



 
• ​The Lagrangian particles used to represent droplets are named differently by 
different modeling groups: super-droplets, simulation particles, etc. The original 
term super-droplet was introduced by Shima et al. (2009). Instead of using another 
notation superdroplet it would be better to follow the notation that is already 
used by others. 
Author's answer:​ This was our attempt to establish the word, after consultation with 
native English speakers, in its the most correct variant. 
 
• ​page 1 line 16:​ Are the references meant to be chronologically or alphabetically 
ordered? 
Author's answer: ​In the revised version they are chronologically ordered. 
Modification (page 1 line 16):​ (Shima et al., 2009; Sölch and Kärcher, 2010; 
Andrejczuk et al., 2010; Riechelmann et al., 2012; Arabas et al., 2015; Naumann and 
Seifert, 2015; Grabowski et al., 2018; Sardina et al., 2018) 
 
• ​page 1 line 16:​ A couple more references to lagrangian microphysics applications: 
Lee et al. (2014), Arabas et al. (2015), Sardina et al. (2018) 
Author's answer:​ Arabas et al. (2015) and Sardina et al. (2018) added in revised 
version. In our mind the citation of Lee et al. is not a useful citation. 
Modification (page 1 line 16):​ (Shima et al., 2009; Sölch and Kärcher, 2010; 
Andrejczuk et al., 2010; Riechelmann et al., 2012; Arabas et al., 2015; Naumann and 
Seifert, 2015; Grabowski et al., 2018; Sardina et al., 2018) 
 
• ​page 1 line 23​: Which of the previously cited works use all-or-nothing algorithm? 
Author's answer:​ The basic idea of the all-or-nothing algorithm is based on Shima 
et al. (2009) and Sölch and Kärcher (2010). Moreover this approach is used in the 
works of Arabas et al. (2015), Dziekan and Pawlowska (2017), and Hoffmann et al. 
(2017). 
Modification (page 1 line 24):​ (based on Shima et al. (2009) and Sölch and 
Kärcher (2010), and used by Arabas et al. (2015), Dziekan and Pawlowska (2017), 
and Hoffmann et al. (2017)) exhibits the best performance, i.e., it agrees well with 
analytical solutions or other modeling approaches used to represent collection. Using 
an unfortunate initialization of superdroplets with equal weighting factors, however, 
even the all-or-nothing algorithm struggles to represent the precipitation process 
correctly 
 
• ​page 2 line 3​: What is a large weighting factor and a large number of 
super-droplets? Could you provide an order of magnitude estimate of those for a 
typical large eddy simulation grid box? 
Author's answer: ​A large weighting factor is in the magnitude of 10​9​. Typical LES 
applications with a grid size in the order of 10m and a typical super-droplet 



concentration of 100 per grid box need such weighting factors to represent number 
concentrations of 100 cm​-3​. Even though the weighting factor changes due to 
collision and coalescence the reduction is insufficient for large droplets (r>100µm) to 
represent rain droplets statistically appropriate. Consequently, it is essential to have 
a large amount (in the magnitude of 10-100 per grid-box) of superdroplets 
representing large droplets with small weighting factors.  
Modification (page 2 line 6): ​[..](with accordingly large weighting factors, 
approximately 10​9​ for typical LES-LCM applications)[..]. 
[..](in the magnitude of 10-100 per grid-box with accordingly small weighting factors) 
[..]. 
 
• ​page 2 line 30:​ Is it more correct to say that it is a probability that super droplet 
m will collect super droplet n? 
Author's answer:​ No, since the number of superdroplets does not change due to 
collisions and coalescence. 
 
• ​page 2 line 30:​ An alternative is to consider for collisions only the non-overlapping 
pairs and scale the probability - see section 5.1.3 in Shima et al. (2009) or section 
5.1.4 in Arabas et al. (2015). This allows for the collision algorithm to scale linearly 
and not quadratically with the number of super-droplets. Maybe it should be 
mentioned? 
Author's answer:​ In our opinion, this is a too detailed discussion and out of focus of 
the manuscript.  
 
• ​page 6 line 14:​ Are the super-droplets sorted with regard to their size in memory? 
Or in other words are the super-droplets merged with the most similar super-droplet 
in a given grid-box? 
Author's answer:​ No, super-droplets are sorted with regard to their position in a 
given grid-box. This is due to an optimized method for the interpolation of velocities 
to particle positions (see Marong et al. 2015). Nevertheless, since only particles with 
radii smaller than 0.1µm are merged in this study, the effects can can be neglected. 
If explicit activation is considered merging should be modified. 
Modification (page 6 line 19):​Moreover, a more advanced method was tested, in 
which the most similar droplets (within one grid box) concerning their mass are 
merged. 
These simulations show no different results. However, due to sorting processes the 
computing time is increased in comparison to the simple method. 
 
• ​page 6 line 26:​ Is diffusional growth allowed in the box model simulations? If yes, 
what is the assumed saturation? It is confusing with regard to line 15 on page 12. - 
Saying that collisions dominate the droplet growth in the box simulations suggests 
that there are other processes considered. 



Author's answer:​ No, diffusional growth is not allowed in the box-model simulations. 
We think there must be a misunderstanding: Page 12 line 15 refers to the single 
cloud setup (not the single box setup), where we are simulating an idealized shallow 
cumulus cloud in form of a rising warm air bubble. In that case diffusional growth is 
considered as well as collisional growth and all (thermo-)dynamics​. 
Modification (page 6 line 30):​ Therefore, the box model simulation consider 
collection as the only microphysical process. 
 
• ​page 6 line 30 (and onward):​ It’s a bit confusing to talk about grid boxes when 
using a single box model setup. There is no real computational grid here. 
Author's answer: ​We agree for the single-box method. However, for the multi-box 
approach grid properties cannot be neglected. Talking about grid boxes is valid for 
consistency reasons. 
Modification (page 7 line 2):​ Although zero-dimensional simulations do not have a 
spatial extent, allocating a certain weighting factor requires a reference volume to 
represent a defined droplet concentration.  
 
• ​page 6 line 30:​ Where does the assumption that the box dimensions are 
∆​x=∆y= ∆z= 20m matter for the lagrangian scheme? Is it enough to say that the box 
volume is 8∗10^3m3? 
Author's answer:​ We partially agree to this comment. 
Modification (page 7 line 3):​ Therefore, the volume of a grid box is 8 · 10​3​ m​3​ , 
which corresponds to an isotropically spaced grid with ∆x = ∆y = ∆z = 20 m. 
 
• ​page 7 line 1:​ How many boxes are used? How are the boxes in multi-box 
approach located with regard to each other? What are the boundary conditions? 
Author's answer: ​In the single-box approach, an ensemble of 25,344 grid-boxes is 
simulated. For the Multi-Box approach also 25,344 grid-boxes are used. However, 
they a horizontal exchange of super-droplets due to sub-grid scale velocities is 
allowed. Lateral boundary conditions are cyclic. 
Modification (page 7 line 8):​ In contrast to the calculation of in- dependent grid 
boxes, the multi-box approach allows superdroplets to move from one grid box to the 
next by prescribing a stochastic velocity (but no mean motion) in (7), using 25,344 
grid boxes, as in the single-box ensemble above, with cyclic boundary conditions 
among which the superdroplets are allowed to move. 
 
• ​page 7 line 6:​ As stated in my first major comment - I don’t agree that the 
initialization with constant weighting factors is a standard. Because it is such a bad 
initialization for representing collisions the new splitting algorithm should also be 
tested with a better initialization. 
Author's answer: ​In the reviewed version we show some box-simulation results with 
a different initialization. However, the method of choice for “real cloud” applications is 



to start with an a certain superdroplet concentration and a constant weighting factor 
since it is unknown which particles will grow the most. Initializing the superdroplets 
with randomly chosen weighting factors or with weighting factors considering a 
prescribed aerosol spectrum also do not solve the problem, that large droplets are 
represented with unrealistic high weighting factors. 
Therefore, we think our work provides useful information for the community. 
Some examples for using constant weighting-factor in LCM applications are added 
as citations. 
Modification​ (​page 7 line 15): ​(e.g. Shima et al., 2009; Riechelmann et al., 2012; 
Naumann and Seifert, 2015, Hoffmann et al., 2017; Sardina et al., 2018) 
 
• ​Figure 2b:​ Why is the LCM1000 behaves like a step function after 2500s? 
Author's answer: ​The second moment is very sensitive to large radii of 
super-droplets. Collisions are discontinuous events and can produce significantly 
large droplets from one time-step to the next one. 
 
• ​Figure 3:​ The plotting colors and patterns should be kept the same between Figs. 
3,and 7 to allow easier comparison. 
Author's answer: ​We agree.  
Modification (Figure 5): ​Fig. 5 is changed.  
 
• ​page 10 line 25:​ Is the initial super-droplet concentration again 87 per box? 
Author's answer: ​Yes, it is! 
Modification (page 11 line 20): ​Furthermore, all simulation are initialized identical 
with N​init​= 87 superdroplets per grid box. 
 
• ​Figure 13a and 15c:​ The notation N​SIP​ was never used before. The authors choose 
to refer to the lagrangian particles as super-droplets and not simulation particles. 
Author's answer: ​Thanks, corrected in the reviewed revision! 
Modification (Figure 13a and 15c): ​Changed axes in reviewed version to N​p​. 
 
• ​page 14 line 15:​ When it is not possible? What happens then? 
Author's answer: ​Removed in revised version.​ ​This phrase was aimed at 
superdroplet specific quantities (such as initial number of super-droplets/to actual 
number of superdroplets), which were obviously not calculated in vanZanten et al 
(2011)​. 
Modification (page 15 line 15):​ Moreover, the calculation of the domain-averaged 
quantities follows​ (if possible) ​the descriptions given in the original case.  
 
• ​page 16 line 24:​ Dziekan and Pawlowska (2017) would be a valid reference here. 
Author's answer:​ We agree and it is added in the reviewed revision. 



Modification (15 line 24):​ (Shima et al., 2009; Riechelmann et al., 2012; 
Unterstrasser et al., 2017; Dziekan and Pawlowska, 2017) 
 
• ​page 15 line 27:​ Figure 10 suggests that the maximum number of super-droplets 
N​P,max ​is as important as the splitting radius r​spl​? 
Author's answer:​ That could be the case if the initialized number of super-droplets 
is not taken into account. Here, 87 particles per grid-box are used initially. Therefore, 
it can be concluded that it is important that the threshold N​P,max​ is not to close to the 
initial value. However, this also indicates that, if N​init​ ​is large enough, it does not 
change the results. 
Modification (page 11 line 24): ​Since the initial superdroplet concentration is N​init​= 
87 for all configurations of N​P,max​, it can be concluded that N​P,max​ is a necessary but 
not crucial parameter as long as N​P,max ​≥150. 
 
• ​page 16 line 13:​ The code of the Large Eddy Simulation model along with the 
new splitting and merging algorithm is available online and therefore fulfills the 
GMD requirements. It would have been great if the simple box model tests were 
available as a stand alone and easy to download and compile project. It would 
enable easy testing of the algorithm by others, for example this reviewer. It is by 
far too much coding to ask to do this now. I would just like to leave this comment 
as an idea for future development and testing. 
Author's answer:​ Thanks for this comment. For future work we will heed this and 
will offer also our analysis tools and test cases which were developed and provide 
them in an own branch. 
 


