Response to Daniele Visioni

Article: “Amazonian Aerosol Size Distributions in a Lognormal Phase Space:

Characteristics and Trajectories”, by Gabriela R. Unfer et al., Egusphere 2023-1361.
Dear Editor,

The authors thank both reviewers for their helpful comments and suggestions. Our responses
to each comment are developed hereafter, along with an indication of changes made in the
revised version of the text. As a summary, the revisions to the manuscript include the following
highlights:

e All plots of the Results section have a version in 2D as scatter plots of N versus Dg with

sigma in a color scale presented in the Supplement.
e A table containing the summary of all fit parameters is presented in the Supplement.

e A more detailed description of the code-fitting methodology and a discussion about the

separated analysis of the modes sub-50 nm and 50-100 nm (Aitken).
e The text was improved in readability and the abstract was rewritten.
e New references were added to improve the discussions.

The individual reviewer comments and responses are included in the following document,

where reviewer comments are presented in bold and the author comments in italics.

Sincerely,

Gabriela R. Unfer, on behalf of all co-authors



Reviewer 1: Daniele Visioni

General:

This study illustrates a new method to visualize particle number size distributions for
atmospheric aerosols, and presents results from one year of data collected at the Amazon
Tall Tower Observatory. The authors did a good job with the framing (very neat and
clear introduction), and while there are places where the writing could be slightly
improved (see below for some suggestions), the manuscript is pretty clear and undeniably
useful.

Dear reviewer, we would like to thank your comments and suggestions; they were significant
for improving and clarifying essential aspects of the manuscript. In the Editor’s letter, we
explain the main changes in the manuscript, and below, we listed the aspects related to your
recommendations.

Three major comments: 1) 3D pictures are hard to understand and visualize, and 2D
projections could be done better here. Descriptions of the 3D shape are sometimes
puzzling/unscientific. | commented more on this below.

We considered your suggestion carefully and made 2D plots for some of the original plots, as
shown below. We first obtained a scatter plot of N as a function of Dg with sigma in a color
scale. In addition, we tried another kind of plot, a ternary one, to check its implementation.

For the scatter plot, the valuable information that the 3D plot shows was mainly lost: the
identification of different aerosol particle arrangements along with the space phase. The idea
of perceiving the delimitation in this space is to offer a first glance for model validation.
Moreover, knowing that a mode distribution follows a certain pattern is a relevant information,
especially when future studies compare different aerosol populations for different locations of
the globe. On the other hand, the 2D plots are simply the projections plotted in the 3D as
colored lines. The main idea of making the projections was to improve the visualization, where
one can see each projection and look into the values in detail. At the same time, the plot itself
gives the pattern information. However, to provide a second option for the reader to analyze
the phase space results, we added in the supplement the 2D plots (Figures S2-6).

We made a ternary plot where the variables are normalized in the way that they all vary from
0 to 1 and each axis is one of the three variables we studied (N, Dg, and sigma). This new plot
compromised the interpretation. The information we derived from the 3D plots is not easily
seen, although it might be an interesting tool for future analyses. For our present study, though,
we do not think it is applicable.
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2) There is a lack of analyses in terms of statistics, so hard to tell how significant some
results are. A problem in the figures arising from the 3D representation, but both the
2D projections could do with some measure of significance, and mainly the numbers
reported could be better framed. | offer an example in my comment below for Figure 1.

We believe that the 3D plot is sufficient to describe our results, which is why we have it in the
manuscript, but we are presenting the 2D in the Supplement (Figures S2-6). In order to make
the statistics clearer, we added the actual values of each plot as a table in the Supplement
(Table S1), which improves the interpretation of the results and evaluates qualitatively the
differences among the modes and case studies.

Finally, 3) while | want to remark that the manuscript is mostly well written and the
results could be of interest so this should not be an obstacle itself to publication, I am
unsure if it fits into the category of a “Research Article” or if this should more neatly fit
into a “Measurement reports” which ACP clearly states “Analysis of the measurements
may include model results and conclusions of more limited scope than in research
articles.” This seems to me to be fitting here: it’s only 1 year of measurements, and the
statistics are unclear (maybe the authors can convince me otherwise if they present
them). Furthermore, while the abstract starts by highlighting the novelty of the
approach, the conclusions mostly highlight the results. I think this is up to the Editor to
decide, but I would urge the authors to consider changing the scope to a Measurement
report so that they can more clearly state what is the relevant part of the manuscript
(the approach), offer the year of measurements as a result stemming from the approach,
but then more clearly state that future work is needed to produce more statistically
robust results. Whatever the decision over the manuscript type, which is not entirely my
business to decide, I suggest an eventual publication in ACP after the text and figures
are made clearer and after some statistical analyses have been performed.

Our results are very robust and reproduce the main particle size distribution features,
certifying the data quality and our research. Our results agree with studies that used longer
time series of the central Amazon (e.g. Franco et al., 2022, Pohlker et al., 2016, Varanda Rizzo
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et al., 2018). The study of Franco et al. (2022) used a time series from February 2014 to
September 2020, more than six years of data, and yet our analyses are intercomparable and in
agreement with each other. In addition, the most recent data were also collected with more
sophisticated instruments and preprocessing techniques, as adjusted for standard temperature,
correction due to inlet losses, and frequent instrument calibration.

Our study’s idea is to present the approach of the lognormal phase space and also analyze and
report the new findings. This is the first study to use this approach for analyzing Amazonian
atmospheric aerosols, where we could obtain new knowledge about particle size distribution
variability and show a different perspective from what was already known. We highlight the
following new results:

1) The lognormal phase space is a promising tool for analyzing aerosol distributions, including
comparing different aerosol populations and stages of aging.

2) Aerosol modes have a preferential arrangement in this space, reflecting their intrinsic
behaviors in the atmosphere.

3) Amazonian new particle formation, showing a core in sub-20 nm fits, is associated with
morning and afternoon rainfall events, following the same diurnal precipitation cycle. While
the morning sub-20 nm fits rapidly grow into the Aitken mode (50-100 nm), the afternoon
distributions remain below 50 nm.

4) In the wet season, the source of the Aitken mode particles in the morning is the growth from
the sub-50 nm particles, while in the dry season, the source is from the confined particles of
the previous nocturnal boundary layer.

5) After rainfalls, the sub-50 nm mode distribution increases not only in concentration but also
in diameter. Comparing before and after the precipitation, Aitken and accumulation particles
are bigger and in higher concentration before the precipitation, and smaller and lower, after.

6) When considering the effects of the aerosol number concentration and the diameter of the
accumulation mode particles, both parameters are likely to have a similar influence on
precipitation occurrence in the wet season. In contrast, in the dry season, only the diameter
likely has an effect. It was observed that accumulation mode distributions had bigger geometric
diameters on the morning of rainy afternoon days than on days without precipitation. The
geometric diameter was larger by ~10 nm in both seasons.

Therefore, we truly believe that our manuscript fits perfectly into the “Research Article”
category since we present results and conclusions of significant impact for the Amazon
rainforest and the whole aerosol community.

Specific comments:

85: “data” is here first used as singular and then as plural. I have no strong opinions over

the debate, but consistency is probably better either way!

This referred word was changed by the word “information’ and we checked the rest of the text
to ensure it is grammatically consistent.



135: 57820 out of how many?

The total data is composed of 98939 fits obtained on a time step of 5 minutes. Then, after the
filters described in the manuscript were applied to the data, there were 57820 valid data,
representing 58.4% of the used data. This information was added to the text.

Fig. 1: The figure could be improved for clarity. The 3D numbers in the cube are not
really visible. Panel a) does not have the sigma_2 line very visible (and not sure the color
matches). Sigmas are also not very clear in Panel c). Lastly, I don’t think you need to
specify that the source is you, the authors, if this is your paper, in the caption!

The 3D numbers in the cube are darker now (Panel A, Figure 1), and their positions were
changed in order to improve the visualization. The sigma lines have been changed in terms of
thickness and color, being visually improved. Regarding Panel C, now there is a shadow area

showing the respective standard deviation of both curves, enhancing the visualization of their
differences. The word “source” was removed from the caption.
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I also have an issue with the description in the text preceding the figure: you use the words
“low to a high geometric diameter” and “broad to a narrow curve” but the differences in
D and sigma are quite small: are they statistically significant? They are both pretty
squarely in what we consider “accumulation” mode, so it would be helpful to see how
much they overlap. How many PNSDs per season, are the numbers comparable? A bit
more statistic could be useful here. In line 164 the authors say “broad statistical basis”

but unclear 1) what they mean and 2) what the numbers actually are.



The changes mentioned in the geometric diameter and the sigma might seem small, but they
can significantly change the overall number concentration. When we mentioned “low to a high
geometric diameter” and “broad to a narrow curve” we were talking about variations in Dy
and sigma comparing the dry to the wet season of the accumulation mode (Figure 1c). The
values expressed in Figure 1c for the dry season are N=1341 cm?3, Dyg=157 nm, and
sigma=1.50 nm, and for the wet season N=301 cm=, Dg=164 nm, and sigma=1.39 nm. The
difference is of about 7.4% in sigma and 4.3% in size, considering the highest values as the
reference. For instance, the isolated effect of this change in sigma could reduce the difference
between the two seasons in the number concentration by 9.7%. For the variation in Dg, the
difference would increase by 5.0%. This means that smaller variations in size and sigma could
account for significant changes in the number concentration.

In addition, these numbers are the output of in situ measurements, which means that they
represent the intrinsic variations of the Amazonian aerosol population. Atmospheric models
especially use these parameters to simulate aerosol concentration, where they often fix them.
Therefore, we must report the variations we encounter since future modeling studies could use
them as a reference or motivation for testing different values.

The number of valid fits per season in a 5-minute resolution is ~20800 in the wet season
(February to May) and ~21500 in the dry season (October to January). These numbers were
added to the text. We remember that our analyses only considered fits of R>>0.9.

In order to improve the text and fit your comment, we changed the sentence you paraphrased
to “smaller to a bigger...” and “broader to a narrower...”, and included the sentence: The
changes in sigma and Dg are of about 7.4% and 4.3%, respectively, considering the highest
values as the reference, which can account for significant changes in the total number
concentration.

Line 184: “Dominated basically by N, the accumulation mode PNSDs are distributed in
a geometric figure that resembles a cylinder” That sounds very qualitative, and I can’t
really see a cylinder (more a cone). Anyway, not sure what this phrase adds!

This part of the analysis is qualitative since we wanted to describe the arrangements. A similar
approach has been used by McFarquhar et al. (2014) in describing the population of droplet
size distribution, which they described as an ellipsoid. This qualitative analysis helps describe
the most likely range of the fitted parameters and, therefore, the development of

parameterizations. With a description of a volumetric figure, multiple relationships between
the parameters could be used by models instead of fixed ones.

In general, Figure 2 could also do with a higher quality: better to have the three plots
larger, and more defined. Very hard to tell anything. Potentially better to have the 2D

projections as separate plots to appreciate them more.

The 2D plots are presented in the Supplement (Fig S2-6) and the values plotted are in Table
S1.

Line 205: “initial” state.

It has been changed as recommended.



Line 226: I’m sure the authors can find a more professional term than “birth” here!

The referred word has been changed. The new sentence is: “Therefore, the core seen can be
related to distributions capturing the birth arising of these particles.”

Figure 3: absolutely impossible to determine where the seasons actually are. No point in
having the 3D version here, as it’s not informative. Suggest changing to 9 plots (3x3)
showing the three projections for the three modes, with seasons explicitly written there.
Same for Fig. 4, except with 4 points this is easier to follow

Each plot has a reference marker to help the visualization. For the seasonal and the diurnal
plot, December/January (DJ) and the O LST have the cross-maker, respectively, including in
the projections. Following the months or the hours using the cross-marker as a reference helps
the visualization. However, as discussed above, we are including the 2D plots in the

Supplement and a table with all the actual values, so we hope this problem you are pointing
out is diminished.

Line 246: “confirm” this cycle (you often use the present tense to talk about your work

elsewhere, then switch to the past. Use some consistency!).

It has been changed as recommended.

Line 259: “happening”

It has been changed as recommended.

Line 315: “Many studies have been reporting” -> “have reported”

It has been changed as recommended.

Line 393: “The cause of this pattern showed to be linked to the diurnal cycle of
precipitation, possibly associated with new particle formation” this should be rewritten
for clarity! In general, the conclusions are of a slightly lower quality (clarity-wise) than
other pieces of the manuscript. Not a big deal, but it would be good to improve this a bit
more!

We rephrased the sentence as follows: These occurrences of the sub-20 nm fits in the morning
and afternoon could be linked to the occurrence of precipitation since, in Central Amazon, the

precipitation follows the same pattern and is known to be associated with new particle
formation.



