egusphere-2023-290
Reply #2:

This article provides some of the first observations of insoluble particle concentrations within
hailstones collected at the ground, as well as the opportunity for embryo analysis. My primary
concern is that while this observational dataset is unique and worthwhile, the authors do not use it
to draw any conclusions about physical processes related to hail growth. It isn’t clear what the
purpose of these observations is. The description of the classification and clustering technique is
also confusing. Once these issues are addressed I am comfortable with publication.

Thank you for your positive evaluation. We have made effort to clarify every comment and
implemented all the suggestions in the revised manuscript. The following texts are our point-to-
point response. Two additional references have been included in the main text to provide a more

detailed description of SOMs algorithms and uncertainties calculation:

Kohonen, T.: The self-organizing map, Proc. IEEE, 78, 1464—1480,
https://doi.org/10.1109/5.58325, 1990.

Taylor, J. R.: An Introduction to Error Analysis, Second edi., University Science Books, 330 pp.,
ISBN 093570275X, 1997.

Major Comments:

1. The authors have clearly spent a lot of effort to gather these observations, and they are some of
the first studies of insoluble particles in hailstones. However, I would like to see some conclusion
about the physical processes that these observations can now help us to understand. What, physically,
can we now conclude about hailstone growth, or insoluble particles in hailstones, that we couldn’t
before? As it stands, the article is simply a reporting of what the authors found. What do these
observations mean?
Reply:

The general goal of our work is to study the physical processes related to hailstone growth.

Freezing parameterizations are developed by concentration measurement of ice-nucleating
particles in the air, under clear or slightly cloudy conditions, or near the surface. Please refer to the
Reply 1, point 6. On the one hand, the freezing parameterization in models considers little about the
impact of aerosol particle concentration and species. On the other hand, the ice-nucleating
parameterization describes the freezing process of dry particles, which is not suitable to describe
the hailstone growth by freezing supercooled droplets. These two factors contribute to the
limitations of the current freezing parameterizations in accurately describing the hailstone growth.

A two-order-of-magnitude change in aerosol concentration in the air leads to at least a one-
order-of-magnitude change in the concentration of ice-nucleating particles (DeMott et al., 2010).
Our experiments revealed that the insoluble particle concentrations in different deep convections
vary by one to two orders of magnitude. Therefore, when simulating a specific deep convection case,
it is necessary to consider the variations in aerosol concentration within clouds. Further, our research
identified the species and number of insoluble particles within deep convective clouds. It provided

a new approach to establish the freezing parameterization, which would consider aerosol
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concentration, aerosol species, and hailstone growth mechanism in the hailstorms.

What information does the knowledge about how the particle distributions change among
embryos/shells provide about physical processes involved in hailstone growth? For example:
* Which hailstones had size distributions that changed significantly between one shell to the next?

Why might this occur?
Reply:
We guess the “size distributions” you mentioned is “the size distributions of insoluble
particles”.
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Reply2. Figure. 1 The ratio of the number concentration of insoluble particles vary in shells in hailstones.
Blue, orange and purple are used to indicate dust, organics, and bioprotein aerosols, respectively.
Abbreviations (corresponding to Table. 1): BJ - BeiJing; BS - BaiSe; FS - FuShun; GY - GuYuan; GYA
- GuiYAng; YT - YanTai.

Among two-shell hailstones, GY2 and GYA changed a lot between the embryo and the crust. This
suggests that the graupel may form at high altitudes within the cloud, where fewer particles existed
in supercooled water droplets. Subsequently, the graupel descended and collected water droplets
with more particles at lower levels. For BS, the formation of the embryo and the shell B may be
contrary to the growing process of GY2 and GYA.



* Do shell B and embryo distributions usually look the same or different? Shell C and B? Do size
distribution/particle type vary more among shells, or among hailstones? Why?
Reply:

Yes, insoluble particles in different shell (shell B and embryo, shell C and shell B, and Shell C
and crust) looks similarity in size distribution. Compared to it, the particle distributions vary more
among cases. The reason is the updrafts can transport the pollution in local boundary layer into the

clouds as hailstorms are severe convections.

* Do you have a sense if these hailstones might have taken similar paths through the storms that
generated them?
Reply:

According to our unpublished work, shells in hailstones formed at different heights within

hailstorms. It indicates that the paths of different hailstones show large variance.

» Were the storms that generated these hailstones all of similar convective mode, or different? Would
you expect storms with stronger updrafts to transport more particles, changing the insoluble particle
size distribution? Why or why not?

Reply:

The storms were single cells and squall lines. We currently thought the convective modes were
different.

A former study show significant correlation between soluble ions in hailstone and surface
aerosols, indicating the aerosols in deep convection may come from local area (Li et al., 2018). A
stronger updraft can transport more insoluble particles into clouds. But too strong updraft can eject
hail embryos from the growth region and hinder their mature growth (Fan et al., 2022). Thus, a
proper stronger updraft may support hailstones to pass through a larger region within the
convection and then to collect more particles from the surface, resulting in a more significant

variation in particle size concentration.



2. The description of the classification and clustering techniques in Section 2.2 is very difficult to
understand, making the subsequent results in the rest of the paper unnecessarily hard to follow.

*  Fig 2: This figure is hard to follow. Id label each step with a single action (e.g., polishing,

slicing, shell extraction, etc.), and then list and describe each action by name in the caption (or in
the text itself) Numbering the steps and boxes would also help. That way it is clear which stage of
the process corresponds to which box in the figure. Names of equipment can go below each image,

in smaller font perhaps.

Reply:
Thank you for kind comments. Fig. 2 has been modified as below:

. Tuke photos . .
A hailstone 7 A hailstone cross section
Slice a hailstone into a 1
. huailstone cross section
Polishing
Camera
Slicer
Shice a hailstone Put it on the slicer table
+ . cross section into shells [4
Slicing
¥ ¥
3 = = Each menhrane was analvzed to obtain the
A 2 :;.? ‘}: elemental weight ratio of insoluble particles
% v ¥
e Shell B | -« Crust
Filtration Filtration
Membrane Membrane
Get resulty
. . o Scanning electron microscopy (SKEM) and
Elemental weight ratio % R P y [

energy dispersive X-ray spectrometry (EDX)

Fig. 2: Schematic diagram illustrating the experimental framework. [1-2] The surface of each hailstone
was polished to remove any attached grass or soil. [3] Subsequently, the hailstones were sliced into cross-
sections along the major axis, corresponding to the size of the hailstone embryo. [4-7] After
photographing the hailstone cross-sections, they were further subdivided into shells using heated Fe-Cr
alloy wire at an air temperature below —8°C. The shells were distinguished based on their natural
transparency or opacity. [8] The solution of melting shell samples was then passed through a filter
membrane to isolate the insoluble particles. [9] Each shell sample underwent analysis using scanning
electron microscopy and energy-dispersive X-ray spectrometry to determine the elemental weight ratios
of the insoluble particles within approximately 4 hours. [11] Finally, the elemental weight ratio

information of hailstones was obtained.

* Lines 126- 127: This step should be included as a step in Fig. 3, showing what M1 - M100 are and
how they are generated.
Reply:

Fig. 3 has been modified as below:
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Fig. 3: Schematic diagram illustrating the methodological framework used for particle identification in

Classification

t Evaluate the classilfier

this study. A total of 100 matrices M;, with i ranging from 1 to 100, were utilized in self-organized
maps clustering analyses, each containing 81,888 unidentified particles with 19 elemental features (N,
Na, Mg, Al, Si, P, S, Cl, K, Ca, Ti, Cr, Mn, Fe, Ni, Cu, Br, Ba, and Pb). The centroid matrix Cy;;
represents the clustering results obtained through the self-organized maps method with a given cluster
number k. The self-organized maps operation with the same k was repeated 100 times to ensure result
robustness, where j denotes the number of repetitions ranging from 1 to 100. Four indexes, Silhouette
index (Sil), Calinski—Harabasz index (CH), modified Hartigan index (Hart), and Davies—Bouldin index
(DB), were employed to determine the optimal parameters k, i, and j. The matrix M; containing
identified 81,888 particles was randomly divided into a training set (80%) and a test set (20%) for random
forest classification. The 10-fold cross-validation was utilized to determine the best tree. Abbreviations
(corresponding to Table. 1): BJ - BeiJing; BS - BaiSe; FS - FuShun; GY - GuYuan; GYA - GuiYAng; YT
- YanTai.

* Lines 128- 137: The SOMs description could be clearer. What is being produced by this process?
Identification of particle species? How is that determined from a given centroid matrix? Are the
number of outcome clusters predefined (a perhaps that is k?) If so, how are the numbers k-2 through
10 selected?

Reply:

Self-Organizing Maps (SOMs) are a type of artificial neural network that belongs to the
category of competitive learning algorithms (Kohonen, 1990). This network emulates the self-
organizing feature mapping function observed in the neural network of the human brain. SOMs are
commonly used for performing dimensionality reduction algorithms, enabling the representation of
high-dimensional data in a lower-dimensional structure while preserving the original topology. A
basic self-organizing maps structure consists of an input layer, weight vectors, and an output layer.
These weight vectors represent the topological structure of the neurons in the output layer.

Identification of particle species and matrix Cy;; are produced by SOMs. The matrix Cyj;
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describe the statement of the neurons, which provides an average representation of the cluster, i.e.,

the centroid of the cluster.

The value of k is predetermined.

In supervised methods, the number of outcome clusters can be determined based on labeled
data. However, unsupervised methods utilize unlabeled data for training, which makes it uncertain
how many types of input data exist. In unsupervised clustering, it is common to determine the
number of clusters (k) and subsequently evaluate the performance of clustering. SOMs belong to

unsupervised methods, so that the value of k needs to be predefined.

The value of k can vary between 1 (all samples belong to the same cluster) and 81888 (each
particle belonging to an individual cluster). Classification is meaningless when k equals to 1. Thus,
we initialized k with a value of 2. The Fig. 4 demonstrated that the optimal classification
performance was achieved when k was 6, and each centroid in Cy;; presented interpretability. The
classification performance gradually got worse from k = 6 to k = 10 . For saving

computational resources, we limited the value of k up to 10.

Silhouette (Sil) Davies-Bouldin (DB)
0.5 25
Mean
@
=
©
>
T2 4 6 8 10

Clusters Clusters

«104 Calinski-Harabasz (CH) %104 Hartigan
D
=
o
>

2 4 6 8 10 2 4 6 8 10
Clusters Clusters

Fig. 4: Evaluation of self-organized maps clustering results. The clustering results of self-organized maps
were evaluated using (a) Silhouette index, (b) Davies—Bouldin index, (c¢) Calinski—-Harabasz index, and
(d) Hartigan index. The self-organized maps operation was repeated 100 times to ensure result robustness.

The solid lines and shading represent the average and spread of 100 repetitions, respectively.

* Lines 133-134: Does the "same neuronal network setting" mean k is the same, or k, i, and j are all
the same? For that matter, what does "neuronal network setting" mean?
Reply:

The configuration of the neuronal network includes the dimensions of the output layer, the

number of training steps for the initial coverage of the input space, the initial neighborhood size,
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and the type of topology function. The "same neuronal network setting" refers to the same
configuration of the neuronal network, including the same dimensions of the output layer (k
neurons) and the same input data (M;). The j changed.

* What are "particle sample replicates"?
Reply:

It refers to the times of extracting 81,888 insoluble particles to compose the M;. The text has
been revised.

* Lines 134-136: What information does each of these indices provide? Most importantly, how do
you determine accuracy with this method?
Reply:

Unsupervised methods utilize unlabeled data for training. Therefore, determining the optimal
number of clusters in unsupervised classification is a challenge. To address this, statisticians have
developed indices that evaluate the performance of SOMs and assist in selecting the optimal number
of clusters (k).

We provide a simple example demonstrating how to calculate the Silhouette index. The
Silhouette index was defined as (Rousseeuw, 1987):

Si1=ZM/N (R2 —1)

~ maxa(n), b(n)

For example:

a; +ta, +az + au

a(n) = 2 (R2-2)
b(n) = w (RZ _ 3)

For each particle Particle, (where nranges from 1 to 81,888) in matrix M;, we define two
variables: a(n), the average Euclidean distance from Particle, to all other particles within the
same cluster (cluster A); b(n), the average Euclidean distance from Particle, to all particles
within the nearest cluster (cluster B). Additionally, the Silhouette index ranges from -1 to 1, where
a value closer to 1 indicates that each particle is well-matched to its own cluster, while a value closer
to -1 suggests that some particles would be better suited in a different cluster.
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Reply2. Figure. 2 Clusters illustration

The Calinski—Harabasz index (Calinski and Harabasz, 1974) is defined as:

2
CH = K _1ng(Cg—C) N -k

= > X — (R2 - 4)
Zlg<= 1ercg(xg - Cg) k—1

k : the number of clusters.

C : the centroid of all data

N : the number of observations in data

Cg : the centroid of cluster g

ng : the number of observations in cluster g
Xg : the observation of cluster g.

Where Z'g‘ =10g(Cq — C)? represents the sum of squared distances between cluster centroids
Cg and the overall centroid C, Z]g‘: 1ZXECg(Xg - Cg)2 represents the sum of squared distances

within each cluster. A higher value of the CH index for given k indicates better clustering
performance, as it suggests a larger ratio between inter-cluster dispersion and intra-cluster

dispersion.

The Davies—Bouldin index (Davies and Bouldin, 1979) is defined as:

1 Sg + Sf
DB = — max (R2-5)
k P#q 2
gf=1 (Cg - Cf)
(xg— Cg)z (x¢f—Cp)?
Sg= |[—————,5¢= |——— (R2—6)
l’lg ng

x¢ : the observation of cluster f
Cs : the centroid of cluster f
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n¢ : the number of observations in cluster f
DB index measures the maximum ratio of intra-cluster dispersion to inter-cluster dispersion. A
lower DB index indicates better clustering performance.

The Silhouette index, Calinski—-Harabasz index, and Davies—Bouldin index, assess the
similarity between a particle and others within the same cluster, as well as the dissimilarity across
different clusters for given k. Generally, the effectiveness of clustering fluctuates with k. Is it
beneficial to increase the value of k? The Hartigan index, on the other hand, quantifies the
improvement of clustering efficiency from k to k + 1.

Hartigan index (Sibson and Hartigan, 1976) is defined as:

err(k)
K
err(k) = Z Z (xg — Cg)2 (R2-18)
g=1xg€Cq

The H(k) requires clustering results with k from 2 to 11 in order to obtain H(2), H(3), ...,
H(10). Clustering particles into 11 clusters needs an additional 100 iterations of SOMs for each M;
to M;o. Additionally, we observed that the SOMs did not perform well in Silhouette index (Sil),
Calinski—Harabasz index (CH), and Davies—Bouldin index (DB) when k = 2. Therefore, we made
modifications to the Hartigan index and introduced Hart(k):
err(k— 1)

Hart(k) = [N— (k—1) — 1] [T(k)

- 1],k=2~10 (R2 —9)

Kk
err(k) = Z Z (xg—Cg) k=2 (R2 — 10)
g=1x€eCq
When k = 1, it indicates that all particles are belong to one cluster.
N
err(1) = Z (x, — C)? (R2 — 11)
n=1
C : the centroid of all data
X, : the observation of data
The err(k) describes intra-cluster dispersion. In clustering with a specific value of k, our
objective is to have particles tightly grouped together in feature space while ensuring that the
centroids exhibit a significant dispersion compared to k - 1. A higher value of Hart(k) for a given k
indicates improved clustering performance.

Technologically, we employ a repetition approach to cluster particles and evaluate the results
of SOMs for 100 iterations (as indicated by the shading in Fig. 4) to ensure the robustness of SOMs
outcomes for a given M; and k. Rescale Sil(k,i,j), CH(k,i,j), DB(k,i,j) and Hart(k,i,j) by
max normalization, then the best input M; and the iterate times j satisfied:

maximum{Sil(k,i,j) + CH(k, i,j) + Hart(k,i,j) — DB(k,1,j)} (R2—-12)

The indices serve as indicators for determining the appropriate value of k. However, it is crucial
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to consider the meaning of centroids in determining k. In our work, when k = 6, it satisfied the
requirements for robustness, great statistical performance in clustering, and interpretable clustering

outputs.

* Lines 144- 149, Fig. 5: Unfortunately, I cant follow this description at all. What information does
a centroid matrix have in it? Are carbon and oxygen included in the classification matrix, and as
SOM inputs, or not? Lines 118- 121 seem to indicate no.
Reply:

The centroid matrix Cy;; approximately represents k centroids of the clustering results.

A centroid matrix contains the elemental weight ratios of 19 elements in k neurons in the output

layer except carbon and oxygen.

Neither carbon nor oxygen were included in the classification matrix or as SOMs inputs.
Nonetheless, carbon and oxygen ratios can provide valuable information and aid in species
identification. For instance, the first type of particles exhibits a low content of 19 elements in their
elemental weight ratios. It is insufficient for determining the composition of this substance.
Consequently, we also consider the mean carbon and oxygen ratios of particles of this type to aid in
identification.

* Lines 144 -159: Please explicitly state what is being used as the "truth" dataset for the random
forest. I had thought it would be the centroid matrix (line 144), but instead I think it is the
classification outcome of the centroid matrix (Fig. 6)?
Reply:

The "truth" refers to labeled particles, which is the classification outcome from the SOMs. The
centroid matrix is not used as an input in the random forest algorithm. It just helped us in
understanding substance of each cluster.

3. The number of studies of observed hailstone embryos in the literature less than 30 years old is
almost zero, so it seems a real missed opportunity not to offer some details about the embryos
collected here. These were all graupel embryos, not frozen drops? How do the characteristics of
these embryos and hailstorms correspond to the hailstone embryo research of Knight (1981, J. Appl.
Meteorology and Climatology)? How big were each of the embryos? Are you able to estimate their
density? Differently sized embryos would also have to have impacts on their insoluble particle
makeup, I would think. Do you find that to be the case?

Reply:

All the embryos analyzed in our study were graupels.

Knight established the correlation between cloud base temperature and the occurrence
likelihood of types of hail embryos by statistically analyzing thousands of hailstone embryos. With
the help of volunteers, we collected hailstones, but the amount was extremely limited. As a result,
we were unable to reach the same order of magnitude as Knights observation. Nonetheless, we
attempt to show a comparison of hail embryo types and cloud base temperature in our work with
the findings from Knights research.
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Soundings in China are twice daily, at 8:00 AM and 8:00 PM, Beijing local time. Assuming
the change in the upper sounding curve is negligible and can be disregarded. The lifted condensation
level (LCL) is calculated using soundings conducted both before and closer to the occurrence of
hail. Temperature and dew point temperature in soundings within a height range from the surface
up to 1 km above the surface are adjusted using automatic weather station data. To verify the method,
the LCL derived from ERAS reanalysis data matches the results obtained from sounding except BJ1

Reply2. Table. 1 The date, time, latitude and longitude where the hailstone were collected. The type of

hail embryos, sample abbreviation and LCL were listed.

Location & LCL from LCL from
Latitude & Number of
Case Date & Beijing Time Sample sounding ERAS
Longitude hailstones
abbreviation (°C) (°C)
19 June 2018, 41.82° N,
1 1 FuShun (FS) 17.28 16.18
18:30 123.85°E
10 June 2016, 40.00° N, BeilJing
2 1 15.08 15.20
15:00 116.32°E (BI1)
30 June 2021, 39.95° N, BeilJing
3 5 17.16 -4.87
20:18 116.30° E (BJ2 - BJ6)
01 Oct 2021, 37.49° N, )
4 1 YanTai (YT) 19.04 19.38
14:02 121.44° E
25 Aug 2020, 35.53°N, GuYuan
5 1 4.94 4.20
18:00 106.32° E (GY1)
26 Aug 2020, 35.58°N, GuYuan
6 1 4.56 3.69
16:00 105.93° E (GY2)
14 Apr 2016, 26.60° N, GuiYAng
7 1 17.11 17.21
20:00 106.72° E (GYA)
09 May 2016, 23.90° N,
8 1 BaiSe (BS) 20.83 20.85
18:51 106.60° E

Our result is not consistent with Knights. Whether the cloud bases are cool or warm, hail
embryos are graupels. Two reasons contribute to this discrepancy. Firstly, the number of analyzed
samples is relatively small due to the limited quantity of samples collected with the assistance of
volunteers, resulting in a sampling bias. Secondly, there is notable inconsistency in the cloud base
types between our cases and Knights study. While Knights study had 4 out of 5 cases with cool
cloud bases, our research had 6 out of 8 cases with warm cloud bases. When comparing the hail
embryo types corresponding to cool cloud bases, the inconsistency between our conclusion and
Knights findings reduced .
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Reply2. Figure. 3 Frequency of embryo types plotted against the average cloud-base temperature.

Adapted from Knight (1981). Hail embryos from my experiment are indicated by gray circles.

We noticed your interest in the size and weight of hailstone embryos. Unfortunately, it is not
the purpose of this study and we did not measure or weigh it. Currently, we cannot summarize the
relationship between embryo size and particle distribution. We appreciate your suggestion, and will
add measurement of size, weight and solid volume of hailstone embryos in future work.

Minor Comments:

* Lines 170- 173: I think I get your meaning here, but it should be clearer. Do you mean that because
you assume that the random subsample of the filter is representative of the entire filter, Ncount is
determined by multiplying the observed Nfilter by the area ratio between the whole filter and the
obsered image (Simages/Sfilter)? If so, I would explain it like that.
Reply:

Yes, assuming a uniform distribution of insoluble particles on the filter membrane, a software
randomly capture electron microscope photos of the membrane and count the visible insoluble
particles in those images. The total number of insoluble particles on the filter membrane (Ngjjter) 1S
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calculated by multiplying the number of visible insoluble particles counted in the images (N¢ount)

. . . S ilter .
by the ratio of the areas between the entire filter membrane and the observed images <i) This

images
assumption allows us to estimate the total number of insoluble particles on the filter membrane
based on subsampling areas.

* Lines 174-177: Move these sentences to the start of the subsection immediately following (1).
Also, adding a sentence after each equation explaining the physical meaning of it would be helpful
In the reader. E.g., The number of insolvable particles in the melted shell (Nliquid) can be found by
multiplying their number concentration (nliquid) by the volume of the melted shell (Vliquid); this
total particle number does not change when the solution is diluted (Ndilute).
Reply:

Thanks for your comment. We add sentences after each equation to help readers understand
the equations in the context.

* Line 180: How is Ncount determined? I thought only Nfilter could be observed.
Reply:

Neount corresponds to the number of counted insoluble particles in electron microscope
images by a software. Ngjer 18 derived from N.yyunt using Eq. (8). This equation enables us to
estimate the total number of particles present on the filter membrane (Ngjier) by counting insoluble
particles on the relative areas (N¢qount) involved in the observation process.

* Lines 185- 188: How are these equations determined?
Reply:

We assumed that the uncertainties of the equation terms are independent and random. These
equations were derived from uncertainties calculation (Equation 3.18 in Taylor, 1997). To avoid any

misunderstanding, we replaced the inequality symbol "<=" in the equation into an equal sign
and deleted the Equation 8 of the unrevised context.

* Line 196: What data? Particle number concentrations (nliquid)? Binned by particle diameter size?
Reply:

The data corresponds to particle number concentrations per unit volume of liquid water. The
concentrations were grouped into bins based on particle diameter size. In Fig. 7 and Fig. 10, the bin
interval is 0.2 pm, while in Fig. 8 and Fig. 9, itis 2 pm.

* Lines 200 -203: Why was a log-normal distribution chosen? What are rg and Tg? Why this form
of the distribution? What does line 202-203 mean physically?
Reply:

Log-normal distribution is widely used in the description of aerosols (Lamb and Verlinde,
2011). The size distribution of insoluble particles exhibits a normal distribution shape when plotted
on a logarithmic scale along the x-axis (Fig. 10). It is important to note that normal distributions can
allow negative independent variables, whereas log-normal distributions allow only positive
independent variables. The particle diameter size values are always positive. Therefore, we utilized
the log-normal distribution for our analysis
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We noticed there is a typo where rg should be replaced with Dg. The Eq. (15) has been
corrected accordingly. T, was not mentioned. Did you mean o,5?

Dy represents the geometric mean diameter, while o, represents the geometric standard
deviation. The geometric mean diameter serves as the central value in a log-scale distribution, while
the geometric standard deviation quantifies the spread of a log-normal distribution. Unlike the
arithmetic standard deviation, which measures the differences between data points and the mean
value, the geometric standard deviation considers the ratios between data points and the geometric

mean.

Lines 202-203 explained the reason of removing the data exhibiting a flat tail caused by
conversion during the fitting process. If particles are detected within a bin, the Nyt of that bin
is at least 1. The nyjqyiq within this bin is at least equal to the conversion coefficient as stated in
Eq. (9). Bins with N.ount = 1, corresponding to the appearance of a flat-tailed curve. This flat tail
is not conducive when fitted a log-normal distribution. Thus, during the fitting process, we excluded
the bins with sizes larger than the first size where binned N_,,,¢ reaches 1.

* Lines 216- 225, Fig. 7: Given the log scale and the small y-axes of Fig. 7, it is difficult to see the
differences between any hailstones, let alone among specific storms. I recommend shifting the
standard deviation results to a new figure. I would also be curious to see what the standard deviation
values are across all storms but excluding the GY'1 and GY?2 hailstones. I am curious how much of
the increased standard deviation for all 7 hailstorms in sum is due to those 2 storms. Once those two
storms are removed, that should have an impact on the conclusions in Lines 216- 225. Possibly,
using just one Beijing hailstone is not representative.
Reply:

For a convenient comparison of the dispersion of number concentration among various species

and at the same particle diameters, we did not separate standard deviation results to a new figure.

We agree with you that GY'1 and GY2 are major contributors to the standard deviation. This
might result from the insufficient amount of samples and our future studies will aim to increase the
sample size to strengthen this conclusion. Additionally, the standard deviation is widely recognized
as a statistical measure for evaluating data dispersion. We utilize standard deviation as a quantitative
indicator of data dispersion. Discussing the dispersion of data after excluding GY'1 and GY2 data

would be inappropriate.

* Lines 237 - 238: Thats a lot o f “possiblies”. One could just as easily argue the insoluble particles
were contributed by the riming supercooled water acting to form the embryo.
Reply:

The text has been revised.

* Lines 248-251: I’m having trouble following these sentences. Why would industrial coal burning
result in an increased number of organic aerosols specifically 10 microns in diameter?
Reply:

It was our speculation on the origin of coarse organics based on several literatures. We have

now revised this sentence.
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* Lines 252- 253: Rephrase to make it clear "at the same diameter" refers to particle diameter, not
hailstone embryo diameter.
Reply:

Text revised. “at the same diameter” means at the same diameter of insoluble particles.

* Line 256: Would change "since" to "and", as the following phrase agrees with your previous phrase,
but does not offer a possible causal factor.
Reply:

We agree, "since" has been replaced by "and".

* Lines 260-261: Do these uncertainties mean it is possible potential biological aerosol particles
were misclassified in your study? If not, what is the reasoning for including this statement here?
Reply:

Yes, it is possible potential biological aerosol particles were “misclassified” as organics. The
reason is different classification methods.

Aerosols can be classified based on aerosol size, generation, sources, chemical composition,
morphology and optical properties, leading to diverse category. Classification by source, aerosols
can be divided into natural aerosols and anthropogenic aerosols, with biological aerosols being a
part of natural aerosols.

From a chemical composition perspective, aerosols are classified as organic or inorganic.
Based on elements, the bioprotein aerosols was expected to be included in the organics. However,
we noticed that when k = 2, all particles can be clustered to either organics or bioprotein aerosols.
When k ranges from 2 to 6, about 12% insoluble particles in M; were clustered consistently as
bioprotein aerosols. It indicates that the centroid of bioprotein aerosols differ from those
representing organics, primarily due to their nitrogen content. It is crucial to acknowledge this
distinguishing feature, leading to designate bioproteins as a single cluster.

* Line 288: Shouldnt the geometric mean diameter be Dg or dg, not rg? r could be too easily
confused with radius.
Reply:

It is a typo. The "rg" should be "Dg".

* Fig. 9 is much too small to make out necessary detail. While I appreciate the authors
conscientiousness in ensuring the reader is aware of the geographical locations where the hailstone
samples were sourced, I think the responsibility rests with the reader at this point and the maps are
no longer necessary. I would split this figure into 2-3 figures to allow points to be made about each
individually, as there is a lot of information here. Plus, more detail can be gleaned.
Reply:

The Fig. 9 has been modified as below:
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Fig. 9a. Size distribution of insoluble particles within the natural shells of 12 hailstones is represented.
Blue triangles, orange squares, and purple diamonds are used to indicate dust, organics, and bioprotein
aerosols, respectively. The natural shells are denoted alphabetically with capital letters (shell A refers to
embryos, and shell B/D refers to the crust of hailstones). The arrow direction illustrates the tendency of
particle number concentration in each layer compared to the previous shell. Shading is employed to
indicate uncertainty. Detailed calculations are provided in the supplementary information. Abbreviations
(corresponding to Table. 1): BJ - BeiJing; BS - BaiSe; FS - FuShun; GY - GuYuan; GYA - GuiYAng; YT
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Fig. 9b is a continuation of Fig. 9a.
* Section 3.4: Is this section about particle concentrations from the embryos, the shells, or both? Are
there concentration size distributions of these particle types for the air at large, or in emissions from
specific cities, that these distributions could be compared to? What does having these equations
accomplish?
Reply:

The particle concentrations discussed in this section were based on entire hailstones, i.e. both
the embryos and the shells.

We have compared particle size distribution with local PM2.5, PM10, total aerosol optical
depth, organics concentration and dust concentration in the MERRA2 (Modern-Era Retrospective
analysis for Research and Applications, Version 2) dataset. However, we did not find a strong
correlation among them. One possible reason is that the data for PM2.5 and PM 10 are daily averages.
Additionally, the horizontal spatial resolution of the MERRA?2 dataset is 0.5° x 0.625°, which may
not able to accurately capture local convective processes.

The size distribution of insoluble particles in the entire hailstone records information of
insoluble particles within the hailstorms, along the path of hail growth. The size distributions share
one thing in common: dust particles in convective clouds exhibit a larger size and a higher particle
number concentration compared to organics.
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Additionally, when the number concentration (std cm™) of aerosol particles with diameters
larger than 0.5 pm (N,ep0,0.5) ranges from 0.1 std cm™ to 10 std cm™, the number concentration (std
L") of ice-nucleating particles (n;y 1, ) shows a variation of one to two orders of magnitude (DeMott
et al., 2010). The difference in total concentration of particles from different cases is about two
orders of magnitude. Therefore, it is crucial to consider the total aerosol number concentrations in

the freezing parameterization for a local deep convection simulation.

* Lines 325-326: Im not sure why this statement couldnt be gleaned from Fig. 8 alone, without
needing to fit to Eq. 12.
Reply:

The Fig. 8 represents the number concentration of insoluble particles inside hailstone embryos,
while Eq. 17 was utilized to fit the particle size distribution that across the entire hailstone. The size
distribution of insoluble particles within the entire hailstone record aerosol information within the
hail growth region, including particles collected from supercooled water, ice crystals, and air.

Grammatical/Typographical corrections:

There are quite a few minor grammatical errors throughout, things like “a” or “the” missing before
words, misplaced commas, or subject/verb tense agreement. These don’t obscure the science being
presented, but I recommend the authors ask for proofreading help from a source with professional
proficiency in English. I’ve included some examples from the first couple pages below.

We will make every effort to polish the text.

* Line 13: "to little regard paid to"
Text has been revised.

e Line 16: "A total of 289,461..."
Text has been revised.

* line 17: comma after bioprotein
Text has been revised.

* Line 17: vary — varies, in — among

Text has been revised.

* Line 18: "were performed as" — "were found to follow"
Text has been revised.

 Throughout: need a space between last letter of a word and the first parenthesis of a citation
Text has been revised.

* Line 27: "that leads" — "leading"
Text has been revised.
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e Line 27: Add "the" before "number concentration’

Text has been revised.

* Line 235: "graupels" — "graupel particles"
Text has been revised.
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