Response to Anonymous Referee #1

Referee #1

This is a well-written manuscript of an important topic that deserves publication after some
minor modifications.

Response:

We greatly appreciate the referee for taking precious time in providing the detailed
comments. We tried our best to carefully account for all comments from the referee that will
certainly improve the manuscript and supplement. We hope that the revised manuscript and
supplement meet the standards of the referee. Basically, responses are provided with detailed
explanations for each comment. Where multiple comments could be addressed together, we
provided a collective response. Meanwhile, for simple minor suggestions such as word
additions, deletions, or substitution, we listed only the revised sentences. Once again, we
deeply thank the referee’s valuable comments; all modifications in the main text are highlighted
in blue.

[Comments 1]

Can you make any statements about cloudiness within the various areas? This would relate to
the accumulation mode. Perhaps it was more cloudy in the Indian Ocean since there was more
precipitation.

Response:

Thanks for the suggestion on cloudiness. Unfortunately, direct measurements of cloud
fraction were not conducted during the transit voyage of the R/V ISABU in 2024. Alternatively,
we attempted to indirectly estimate cloudiness using Pyrgeometer observations. Nevertheless,
a simple comparison of the raw values is unfeasible due to the regional variability of factors
influencing longwave radiation, including temperature, RH, and SST. Therefore, based on
Equation S10, we estimated the clear-sky downward longwave radiation (Ldngpq,-) and
calculated the anomalies (ALdn) from the Pyrgeometer (PYRGE) data for comparison.

Consequently, as suspected by the referee, the cloudiness (i.e., ALdn) was higher in the
Indian Ocean than in other regions (Fig. S6). These findings confirm that high aerosol or CCN
number concentrations do not necessarily lead to cloud formation in real environments.
Moreover, we examined the spatial distributions of cloudiness (Fig. R1). However, as the
number concentrations of accumulation mode also varied significantly across various sea areas,
a direct correlation between cloudiness and the accumulation mode could be identified only in

1



specific sectors of the Indian Ocean.

In conclusion, we summarized and added only the former results to the manuscript and
supplement.

“In addition, the cloudiness estimated from downward longwave radiation was also higher in
the Indian Ocean than in other regions (Fig. S6). This provides indirect evidence that high Ny
(especially accumulation mode) or Ngcy do not always result in cloud formation in moisture-
limited real environments because of the competition for available water vapor.” (lines 295-9
in the manuscript)
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Figure S6. Box plots of ALdn for each sea area. For the South China Sea, the volcanic-
influence period was depicted separately. Black dots represent the mean values. The horizontal
line in each box and the black dots represent the median and mean values, respectively. The
range of the boxes is from 25th percentile to 75th percentile (IQR). The whiskers extend away
from the box to the two extreme values but if there are data points that exceed 1.5 X IQR from

the upper or lower end of the box, they are shown as colored dots as outliers.



“ALdn represents the difference between the total downward longwave radiation (PYRGE)
measured by a Pyrgeometer and the calculated clear-sky downward longwave radiation
(Ldn,jeqr)- In the absence of direct cloud observations, cloudiness was indirectly estimated
using longwave radiation. However, since longwave radiation is significantly influenced by
temperature, RH, and sea surface temperature, we calculated Ldn;.,, based on Equation S10

to extract the effect of clouds and ultimately used anomalies for the analysis.

17.27-T(°C) )
T(°C)+237.3”°

es(kPa) = 0.6108 - exp (

eq(hPa) = %- es(kPa) - 10,

1

hPa)\7 .
cal Pa))7 (Brutsaert equation),

T(K)

Ea,clear = 1-24(
Ldn jeqr = ga,clearGT(k)4>
ALdn = PYRGE — Ldn jeqy, (S10)

where T and RH are temperature and relative humidity, respectively. e; and e, indicate
the saturation vapor pressure and actual vapor pressure, respectively. &€g cieqr Tepresents the
effective clear-sky emissivity, which was calculated in this study using the Brutsaert equation.
0=5.67x10"8 W m 2K~* is the Stefan—Boltzmann constant.” (lines 204-18 in the
supplement)



@

40
PR
30°N 30 5,
o 10° 8
20 E ]
3 -
; < .0
0° : 10 9§ s
q =
E

2
0 10 §
L1 2

30°s SN A, |
60°E 90°E 120°E © 60°E 90°E 120°E

PR
£
s
(]
102 3
£
c
S
2
=
: E
10" 3
Q
<

60°E 90°E 120°E

Figure R1. Spatial distributions of (a) ALdn and number concentrations of accumulation
mode over (b) the East China Sea, South China Sea, and Strait of Malacca, and (c¢) the Indian
Ocean. Note that the Indian Ocean and the other regions are plotted separately due to the
significant difference in their number concentrations. This figure is used exclusively in this
response, so we designated this figure as Figure R1.



[Minor Comments on Figures and Tables in Manuscript]
Fig. 2. Is there a significance to the white strip at 15 °N latitude?

Response:

We have double—checked Figure 1 (originally Figure 2) and found no specific white strip at
15°N latitude. Aside from the referee’s comment, regional information is added to Figure 1.
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Figure 1. Cruise route of the R/V ISABU in 2024, including regional classification (Source:
Esri, TomTom, Garmin, FAO, NOAA, USGS, USFWS; Powered by Esri).

Fig. 4a. Explain gaps.
Response:

Thank for pointing this out. As described in Step 2 of Section S1, some anomalous
observation data points did not show an abrupt increase in the QOF which is the correction
criterion. So, we excluded these data from this study and represented them as gaps in Fig. 3a
and b (originally Fig. 4a and b). Accordingly, we added this explanation to the caption as
follows:

“In (a) and (b), aerosol data gaps imply that there are anomalous observation data excluded
from this study as they did not satisfy the correction criteria.” (lines 340-2)



Fig. 4b. Reverse the legend order for Nccy. 1% should be closest to Ncw.
Response:

Done as suggested.
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Figure 3. Time series of (a) aerosol size distribution, (b) total aerosol and CCN number
concentrations, (c) temperature and relative humidity (RH), (d) true wind speed and direction,
and (e) precipitation and pressure during the transit voyage of the R/V ISABU. The top and
bottom x-axis are Local Time (LT) and Coordinated Universal Time (UTC), respectively, and
the x-axis tick marks indicate the midnight of each day. In (a) and (b), aerosol data gaps imply
that there are anomalous observation data excluded from this study as they did not satisfy the
correction criteria. The vertical magenta dashed lines indicate the changes in the local time
zone, with the applied time zone for each segment presented in (b).



Fig. 5. Explain NCN15. Apparently means all particles larger than 15 um.
Response:

N¢nqs inthe figures represents the total number concentration of aerosols larger than 15 nm.
To ensure consistency with the main text, where Ny 1is used throughout, we revised Ncpy1s
to Ny in Figures 3, 4, 5, 7, and 8 (originally Figures 4, 5, 6, 8, and 9). Then, we added a
detailed definition of Ny in Section 2.1.2. We also revised figure captions accordingly.

“Accordingly, N¢y in this study refers to the total number concentration of aerosols larger
than 15 nm.” (lines 152-3)
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Figure 4. Spatial distributions of (a) total aerosol number concentrations, (b) geometric mean
diameter, and number concentrations of (¢) nucleation mode (15-25 nm), (d) Aitken mode (25—
100 nm), and (e) accumulation mode (100—-500 nm) during the transit voyage of the R/V ISABU
(from Natural Earth).



Fig. 8. These types of plots require explanation. What is the horizontal line within each box?
Probably a median but for just the box or all data. What range do the boxes include, perhaps
standard deviation. What range do the extreme lines represent, perhaps 90% of data. What do
the out of box data represent? Label nucleation, Aitken and accumulation.

Response:

We followed the convention of the “schematic plot” introduced in Wilks (2011). Briefly this
is explained in captions of Figures 7 and 8 (originally Figures 8 and 9) as the referee suggested.

We also revised labels in Figure 7c-e (originally Figure 8c-e) as the referee suggested.
Furthermore, we have revised the captions for the box plots in the supplement.
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Figure 7. Box plots of (a) total aecrosol number concentrations, (b) geometric mean diameter,
and (c) nucleation (15-25 nm), (d) Aitken (25-100 nm), and (e) accumulation (100-500 nm)
mode number concentrations for each sea area. For the South China Sea, the volcanic-influence
period was depicted separately. The horizontal line in each box and the black dots represent
the median and mean values, respectively. The range of the boxes is from 25th percentile to
75th percentile (IQR). The whiskers extend away from the box to the two extreme values but
if there are data points that exceed 1.5 X IQR from the upper or lower end of the box, they

are shown as colored dots as outliers.

Fig. 11. Is difficult to read. Log scale for vertical would help. The star symbol in the legend is
much smaller than within the figure. Please enlarge to same size so it is readable.

Response:

Following the referee’s comments, we converted the y-axis to a log scale and revised the
symbols in the legend for better visibility.
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Figure 10. Distributions of the D, and k at given supersaturations for each sea area. The
symbols represent the mean values, and the lengths of the error bars correspond to one standard

deviation. For the South China Sea, the volcanic-influence period was depicted separately.



Table. 1. Add a column for mean Ncn.

Response:

A N¢y column has been inserted next to the ‘Sea Area’ column, and the title has also
updated accordingly.

Table 2. Total aerosol number concentrations and the coefficients of determination and

parameters of CCN fitting for each sea area.

Ncy Necy = C X S5¢ Neew = N x (1 — exp(—B x SSF))
(cm™3) R2 C a R? N B B
East China Sea 1039 0914 413.1 0517 0999 3884 4726 1443

South China Sea 1226 0.783  681.6 0.449 0998 616.6 13.77 2.089

Strait of Malacca 1449 0.948 6781 0561 0997 6644 3367 1.287

Indian Ocean 148 0.967 84.73 0.555 1.000 86.9 2.71 1.148

Volcanic influence 2834 0.710 1787 0.097 0.995 1734 45.86 1.997
in the S. China Sea

Note. For the South China Sea, the volcanic-influence period was depicted separately.

Table. 2. Insert Mean in front of aerosol.
Response:

Done as suggested.

“Table 3. Mean aerosol number concentrations and geometric mean diameter, CCN number

concentrations, and the CCN-to-aerosol ratio for each cluster in each sea area.” (line 675)
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[Minor Comments on Sentences in Manuscript]
L37-8. Include concentration.
Response:

We extensively revised the first three paragraphs of the Introduction to better align them with
the scope of this study. In the process, we also incorporated the referee’s comments as follows.

“Atmospheric aerosols play a critical role in cloud formation and evolution by acting cloud
condensation nuclei (CCN), thereby influencing cloud droplet concentration and size, albedo,
cloud lifetime, and precipitation efficiency (Twomey, 1974; Albrecht, 1989).” (lines 34-6)

L.196. Insert ship before plume stack. Delete relatively.

Response: “First, since the ship plume stack was located behind the observation room,
measurements might be contaminated by the vessel’s exhaust when the wind blew rapidly from
the stern (Fig. 2a).” (lines 180-2)

L.234. Insert The before hygroscopicity.

Response: “The hygroscopicity parameter (k) represents the relationship between dry diameter
and CCN activity and was calculated according to Petters and Kreidenweis (2007):” (lines 244~

5)

L291. Remove r from larger.
Response:

In response to all the referees’ comments, we revised the sentence as follows.

“A crucial point is that this period was the only instance in which the N¢cy at 0.2% SS, where

only relatively large aerosols can activate, were similar to N.cy at the other supersaturations
(Fig. 3b).” (lines 303-6)

L293. Remove in.

Response: “In fact, this enhancement was primarily driven by the accumulation mode (Fig.
4e), particularly by particles around 200 nm diameter, consistent with the distribution of
geometric mean diameter (Dg) presented in Fig. 4b.” (lines 306-8)
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L302. Change distribution to concentration.

Response: “N;cy at 0.2% SS exhibited a relatively uniform concentration within the strait,
whereas N.cy at the other supersaturations were higher upon entering the strait (at 0.6% SS,
753 +£404 c¢cm™3 when entering vs. 332+ 57 ¢m™3 when exiting), consistent with the pattern
of Ncy.” (lines 318-21)

L323. Insert total before aerosol.

Response: “Figure 4. Spatial distributions of (a) total aerosol number concentrations, (b)
geometric mean diameter, and number concentrations of (¢) nucleation mode (15-25 nm), (d)
Aitken mode (25-100 nm), and (e) accumulation mode (100—500 nm) during the transit voyage
of the R/V ISABU (from Natural Earth).” (lines 346-9)

L415. Insert than the Strait of Malacca after Sea.

Response: “The Ngcy/Ncy ratios at both supersaturations were likewise higher in the South
China Sea than the Strait of Malacca.” (lines 441-3)

L417-8. Need explanation.
Response:

The size, specifically the geometric mean diameter, is a key factor in determining the
activation of aerosols into CCN. It is remarkably similar between the South China Sea and the
Strait of Malacca. Therefore, it can be inferred that the N;cy/Ncy ratios in these two regions
were primarily governed by k. Since the N.cy/Ncy ratios in the South China Sea are higher
than those in the Strait of Malacca, the aerosols over the South China Sea are considered to be
more hygroscopic. A likely reason for the lower k in the Strait of Malacca is the significant
emission of hydrophobic ship exhaust. Since the explanation for this sentence was insufficient
as the referee commented, we added further description as follows:

“Nevertheless, considering the similarity in the geometric mean diameter between the two
regions (Fig. 7b), the difference in the Ngcy/Ncy ratios could be primarily governed by k.
This suggests that aerosols in the South China Sea were more hygroscopic and therefore more
readily activated as CCN than those in the Strait of Malacca. The major source of aerosols in
the Strait of Malacca is the substantial ship emissions emitted from heavy cargo traffic (Saputra
et al., 2013; Geng et al., 2023). Given that such emissions are typically hydrophobic, it is
reasonable to expect the lower k values in the Strait of Malacca than in the South China Sea.”
(lines 445-51)
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L422. Change These to Those.

Response: “Those ranges were comparable to the results of this study (Fig. 8a—b and Fig. S9a).”
(lines 445-6)

L457. Insert only before in.
Response:

This sentence was removed during the revision of the manuscript.

L483. Change increase to are greater.

Response: “Note that at lower supersaturations, the uncertainties in CCN measurements are
greater.” (lines 533-4)

L.489. Remove the. Change for each sea area decreased with increasing to is smaller for higher.
This is true regardless of sea area.

Response: “According to Kohler theory, higher supersaturations allow progressively smaller
particles to activate; consequently, D, is smaller for higher supersaturation.” (lines 539-40)

L507. Remove that.

Response: “Although the k calculation methods differ, the k in the South China Sea
reported in previous studies (Atwood et al., 2017; Ou et al., 2025) was higher than those
obtained in this study.” (lines 556-8)

L517-8. Move Fig. 12 to beginning of sentence. & L517. Change The to shows. Delete are
shown. Change together to along. Remove those. Change fitted to fittings. Remove a. & L518.
Remove as shown in. Add e to I*' formula (plural). Period after formulae.

Response: “Figure 11 shows measured mean CCN spectra along with fittings by two- and t
hree-parameter formulae.” (lines 568-9)

L518. Insert The before Twomey. & L.519. Change was used as to is.

Response: “The Twomey formula Ngey = € X S§% (Twomey, 1959), where C and «
are the fitting parameters, is the two-parameter formula.” (lines 569-70)
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L519-21. Move a three parameter formula to the beginning of sentence. & 1.520. Insert was
before proposed. & L521. Remove was used as.

Response: “A three-parameter formula Neey = N X (1 — exp(—B x SSP )) was proposed
by Ji and Shaw (1998), where N, B, and [ are the fitting parameters.” (lines 570-2)

L521. Change the to These. & L.522. Change the to these. Fitting plural.

Response: “These parameters and coefficients of determination for these fittings are
summarized in Table 2.” (lines 572-3)

L538. Period after supersaturation. Change and to 5.

Response: “Parameter [ reflects the sensitivity of Ngcy to supersaturation. [ is directly
related to D..” (line 589)

L539. Remove A. Add s to respond. Delete small changes in. Insert variations after
supersaturation.

Response: “Larger [ indicates that Ng;y responds more strongly to supersaturation
variations.” (line 590)

L540. Particularly to especially.

Response: “The effect associated with differences in [ was especially evident when
comparing the South China Sea and the Strait of Malacca.” (lines 590-2)

L545. Change compared to to than in.

Response: “This contrast could be attributed to the smaller and narrowly distributed D, and
the higher x in the South China Sea than in the Strait of Malacca, leading to stronger
supersaturation-dependent aerosol activation.” (lines 594-6)

L547. Change fluctuations of differences.

Response: “These differences in [ suggest that variations in updraft velocity or subtle
changes in thermodynamic conditions can induce substantial differences in cloud
microphysics.” (lines 597-8)
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L.549. Delete In the case of. Capitalize the before Indian. Change when compared with to mean
CCN spectra of this study are similar to some of the. Remove conducted. & 1.549-50. Move
CCN in front of measurements. & LL550. Remove below the BL (this would be submarine). Move
1999 in front of INDOEX. Delete in. & L550-1. Move parenthetical phrase right after
campaign. Remove spectra in this study were similar to those. Period after parenthetical.

Response: “In the Indian Ocean, mean CCN spectra of this study are similar to some of the
aircraft CCN measurements during the 1999 INDOEX campaign (Hudson and Yum, 2002).”
(lines 599-600)

L551. (new sentence). These were classified as ‘Clean’ at low altitudes south of the ITCZ over
the Indian Ocean.

Response: The corresponding sentence has been added to (lines 600-1).

L552. Change the to these. & L553. Change last ocean to area.

Response: “Considering the gap of more than 20 years between these two observation periods,
this consistent result provides strong evidence that the Indian Ocean is a pristine remote area.”
(lines 602-3)

L562. Move during the cruise to beginning of sentence. Move air mass origins in front of even.
Delete the. Delete of. Period after differ.

Response: “During the cruise, air mass origins, even within the same sea area, could differ.”
(line 614)

L562-3. Change which in turn may lead to to Such. Change in to could affect.

Response: “Such variations could affect the observed characteristics of aerosols and CCN.”
(lines 614-5)

L565. Change were to are.

Response: “The cluster numbers are assigned in chronological order.” (lines 616-7)

L566. Change classified to divided.

Response: “The East China Sea was divided into three clusters: seas near Korea (Cluster 1),
Mainland China (Cluster 2), and the Pacific Ocean (Cluster 3).” (lines 618-9)
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L567-8. Insert the after to. Move relatively low altitudes right after the. Insert of before Cluster:
Remove which remained at. & 1.568. Change exceeding to above.

Response: “In contrast to the relatively low altitudes of Cluster 3, Clusters 1 and 2 were
transported from altitudes above 1000 m.” (lines 619-20)

L575-6. Probably sea salt, NaCl.

Response: “Furthermore, it can be inferred that marine-origin aerosols are likely composed of
more hygroscopic components, including sea salt such as NaCl, than continental aerosols.”
(lines 627-8)

L577. Insert also after were. & L579. Change those to air.

Response: “For the South China Sea, three clusters were also identified: stagnant air masses
near the Philippines and Taiwan (Cluster 1); air masses originating from the western Pacific
that passed over Luzon Island (Cluster 2); and air that passed over the Visayas Islands (Cluster
3).” (lines 629-31)

L580. Remove the. Remove of. Move characteristics after CCN. Aerosol singular.

Response: “Although all three clusters were of marine origin, aerosol and CCN characteristics
varied significantly depending on the regions traversed by the air masses.” (lines 632-3)

L592. Cluster plural. Change the to all. Delete somewhat.

Response: “At other supersaturations, N.cy were comparable between Clusters 1 and 3,
although all N.cy/Ncy ratios were higher in Cluster 1.” (lines 643-4)

L593. Add they were still much lower than cluster 2.
Response:

The Necn/Neny ratios at 0.4—1.0% supersaturations are slightly higher in Cluster 1 than in
Cluster 2. Therefore, we did not add this as a separate sentence to the main text.

L594. Insert only after into.

Response: “The Strait of Malacca was divided into only two clusters, both of marine origin,
but associated with different source regions: the South China Sea (Cluster 1) and the Andaman
Sea (Cluster 2).” (lines 645-7)
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L.599-601. Just because Ncy is higher does not necessarily mean Nccy is higher:
Response:

Thank for pointing this out. Since various factors influence Ny, the sentence in the main
text was oversimplified. Therefore, we revised the sentence as follows:

“Although the geometric mean diameter was slightly larger in Cluster 2, N.cy across all
supersaturations were also roughly twofold higher during the Cluster 1 period.” (lines 650-2)

L608. Insert brief before occurrence. & 1.609. Insert mean before Ncy.

Response: “Despite the brief occurrence of the lowest Ny due to intense precipitation during

the Cluster 1 period, mean Ny and N,y were the highest among the three clusters.” (lines
659-60)

L612. Insert only in front of from.

Response: “Consequently, the N-cy/Ncy ratios were lower than those of the two clusters
originating only from the Indian Ocean.” (lines 662-3)

L634. Change combined to applied.

Response: “Furthermore, clustering analysis was applied to enable a multifaceted examination
of variability within individual sea areas.” (lines 685-6)

L636. Insert total before aerosol.

Response: “Throughout the entire observation period, total aerosol (CN) and CCN number
concentrations (Noy and Ncp) exhibited significant spatiotemporal variability, ranging from
tens (or even a single digit) to several thousand per cubic centimeter.” (lines 687-9)

L639. Move a meteorological factor in front of intense precipitation. Comma after factor.

Response: “The lowest Noy and Ngcy occurred locally on April 9 due to a meteorological
factor, intense precipitation.” (lines 689-90)
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L642. Change comma to period. Delete and. Capitalize it.

Response: “This high-concentration episode was driven by the Taal volcano located in the
southern part of Luzon Island.” (lines 692-3)

L643. Change were to was. Change those to Nccn.
Response:

In response to all the referees’ comments, we revised the sentence as follows.

“It was the only period during which N cy at 0.2% supersaturation (SS) was comparable to
N¢cn at higher supersaturations.” (lines 693-4)

L647. Delete 2™ the. Change in to over.

Response: “A similar contrast was observed in the CCN-to-aerosol (N¢cy/Ncy) ratios across
the same longitude; however, higher values were observed over the Indian Ocean.” (lines 697—
8)

L.656. Delete 2" the.

Response: “This indicates that aerosols in the South China Sea were more hygroscopic and
thus more readily activated into CCN than those in the Strait of Malacca, a conclusion
supported by critical diameter and x analyses.” (lines 705-7)

L659. Diameters singular.

Response: “It was also the only region characterized by a distinct nucleation mode, resulting
in the smallest geometric mean diameter among all regions.” (lines 709-10)

L661. Insert more before substantial. Change last the to a. supersaturations singular.

Response: “Nevertheless, the Indian Ocean showed the highest k values, indicating that the
aerosols were highly hygroscopic and that a more substantial fraction of the particles could act
as CCN at a given supersaturation.” (lines 710-2)
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L665. Change particularly to especially.

Response: “Since the majority of particles were in the accumulation mode and dominated by
natural sulfate aerosols, Ny and their ratios were especially elevated at 0.2% SS.” (lines
714-6)

L665-7. CCN supersaturation accounts for all of these factors. Could point out that all of these
factors influence CCN supersaturation.

Response:

Thank for the referee’s valuable suggestion. Taking into account that all these factors
influence CCN supersaturation, we revised the sentence as follows:

“Taken together, these results demonstrate that in marine environment, various factors, such as
aerosol number concentration, size distribution, and k, plays a critical role in determining the
critical supersaturation for CCN activation.” (lines 716-8)

L668. Change In the to Regarding.

Response: “Regarding CCN spectra, the classical Twomey formula failed to adequately
capture the nonlinear increase in Ncy in some regions.” (lines 719-20)

L672. Insert more after be. Move variations after aerosol (singular). Delete in.

Response: “The parameter N, representing the upper limit of Ny, was the smallest in the
Indian Ocean, suggesting that cloud properties in the Indian Ocean can be more susceptible to
aerosol variations.” (lines 721-3)

L673—4. Move substantially larger in front of 5. Move in the South China Sea right after [5.
Change reflecting to reflected. Delete was. Change comma to period.

Response: “Although the South China Sea and the Strait of Malacca exhibited similar N
values, the substantially larger f in the South China Sea reflected the sensitivity of Ngcy to
supersaturation.” (lines 723-5)

L675. Insert This is before consistent. & L.675-6. Change that region to the South China Sea.

Response: “This is consistent with the smaller critical diameters and more hygroscopic
aerosols observed in the South China Sea.” (lines 725-7)
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L677. Remove The.

Response: “Clustering analysis showed that in both the East China Sea and Indian Ocean, Ny

and N.cy were higher when air masses originated from land than from the ocean.” (lines 728—
9)

L678-80. Note sea salt, NaCl.

Response: “In contrast, the N.cy/Ncy ratios were higher for marine-origin air masses,
indicating that marine aerosols (especially sea salt such as NaCl) are more hygroscopic than
continental aerosols.” (lines 729-31)
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[Minor Comments in Supplement]
Response:

We are also deeply pleased with the referee’s comments on the supplement and once again
do our best to improve it as the referee suggested.

L41. Particularly to especially.

Response: “The first bin was excluded because it was especially noisy and the particle size
could not be reliably determined.” (lines 48-9)

L43. Comparison plural.

Response: “For comparisons based on the mobility diameter, the aerodynamic diameters
measured by the APS were converted to mobility diameters using Equation S2.” (lines 50-1)

L61. Remove in. & L.62. Move except the first in front of were.

Response: “Unlike Step 1, all APS size bins except the first were used in the fitting.” (lines
68-9)

L94. Delete to.

Response: “In this study, since f§ wassetto 1, a; equals F — 1.” (lines 100-1)

L96. Word missing after where.

Response: “where F represents the scaling factor for the 30-min averaged data.” (line 103)

L98. Do you mean beginning of the hour?
Response:

The referee is correct. We averaged the data over 30-minute intervals based on the hour; for
example, from 00:00 to 00:30 and from 00:30 to 01:00. To provide further clarity for the readers,
we added an example in the main text.

“In this study, the data were averaged over 30-min intervals starting from the hour; for example,
from 00:00 to 00:30 and from 00:30 to 01:00.” (lines 105-6)
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L107. Change in to within.

Response: “Mass concentrations were calculated by combining the SMPS and APS data to
ensure consistency within the size range.” (lines 114-6)

Fig. S1. How do a & b relate? They have the same times but different plots. I do not see dashed
lines. No legend in a.

Response:

Figure S2a (originally Figure S1a) shows the aerosol size distributions for the three samples
before and after the discontinuity time that is indicated in the figure title. Each set of three
samples exhibits consistent distributions both before and after the discontinuity point.

Figure S2b (originally Figure S1b) shows the mean aerosol size distributions for the three
samples before and after the discontinuity point presented in Figure S2a (originally Figure S1a).
Although the number concentration changed by an order of magnitude, the mean size
distributions remain remarkedly similar. This demonstrates the application of number
concentration-based correction. We added a more detailed explanation regarding this in the
main text.

“The aerosol number concentrations measured by the SMPS sometimes exhibited intermittent
and discontinuous fluctuations of nearly an order of magnitude. Each set of aerosol size
distributions before and after these discontinuity points were similar to others within the set
(Fig. S2a). However, the non-refractory PM1 (NR-PM1) were measured by the AMS
continuously at the times when there were discontinuities exhibited in the SMPS data (Fig. S3).
Furthermore, when compared with CCN number concentrations, the aerosol number
concentrations at low levels (corresponding to the red lines in Fig. S2a) were significantly
lower than CCN number concentrations. Therefore, these SMPS samples were regarded as
anomalous measurements and required correction. Meanwhile, Figure S2b shows that the mean
aerosol size distributions for each set of samples before and after the discontinuity points were
consistent. These results demonstrate that a constant ratio of change occurred across all size

bins, suggesting that a correction based on number concentration can be justified.” (lines 8-19)

Furthermore, we extensively revised Figure S2a (originally Figure Sla). We removed the
right y-axis and the black scatter, which were initially included to show the consistency of the
ratios across all size bins, since this is already clearly shown in Figure S2b (originally Figure
S1b). Additionally, as you mentioned, the dashed lines were not clearly visible. To distinguish
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the samples by color rather than line style, we changed each set of three samples before and
after the discontinuity point to red and blue, respectively. The legend was also added to describe
the revised figure. Other modifications include adjusting the y-axis limits in (a), swapping the
left and right y-axes, and updating the number concentrations in the legend in (b). Finally, we
revised the figure captions to reflect these changes.

(2) 2024-04-01 06:51:13 (LT) 2024-04-01 13:30:11 (LT) 2024-04-01 18:57:10 (LT)
2024-03-31 22:51;13 (UTC) 2024-04-01 05:30;11 (UTC) 2024-04-01 10:57:10 (UTC)

50

80

Samples before the discontinuity point
Samples after the discontinuity point

Diameter (nm) Diameter (nm) Diameter (nm)

(b) 2024-04-01 06:51:13 (LT) 2024-04-01 13:30:11 (LT) 2024-04-01 18:57:10 (LT)
| 2024-03-31 22:51:13 (UTC) | 2024-04-01 05:30:11 (UTC), 2024-04-01 10:57:10 (UTC).

—192em’ 40 —156em”
5 |[——1743em™ 61 |— 1458 cm* 0
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Figure S2. (a) Examples of aerosol size distributions for three samples before (red) and after
(blue) the discontinuity point. (b) Mean aerosol size distributions for each set of samples before
and after the discontinuity point represented in (a). The values in the legend indicate the mean
aerosol number concentrations before and after the discontinuity point, respectively. The times

in the titles represent the exact moment the data discontinuity occurred.

Fig. S3. What does white line at 4 °N signify?

Response:

We removed Figure S3 and incorporated the regional information into Figure 1.
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Figure 1. Cruise route of the R/V ISABU in 2024, including regional classification (Source:
Esri, TomTom, Garmin, FAO, NOAA, USGS, USFWS; Powered by Esri).

Fig. S4, S6, and S8. Pink lines?
Response:

We wonder what pink lines the referee referred to. Figures S5, S8, and S11 do not include
any pink lines. (Note that Fig. S4, S6 and S8 have been renumbered as Fig. S5, S8 and S11,
respectively, with the addition of Fig. S1, S3, S6, and S10 and deletion of original Fig. S3)
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Figure SS. Spatial distributions of (a) CCN number concentrations at 0.4%, 0.8% and 1.0%
supersaturation and (b) their ratios to total aerosol number concentrations during the transit

voyage of the R/V ISABU (from Natural Earth).
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Figure S8. Spatial distribution of SO, measured by the Air Quality Monitoring System during
the transit voyage of the R/V IS4BU (from Natural Earth).
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Figure S11. Results of extending each back trajectory to 120 hours in the cluster analysis for
the Indian Ocean. The thick black solid lines with dots at the end represent the mean trajectories
of each cluster. The percentages in parentheses indicate the proportion of trajectories assigned

to each cluster. Map data from Natural Earth.
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Response to Anonymous Referee #2

Referee #2

This study presents continuous ship-based observations of marine aerosols and CCN across
multiple oceanic regions, providing a comprehensive comparison of aerosol and CCN
characteristics using a consistent analytical framework.

I appreciate that this study provides observations and direct comparisons across multiple
regions, conducted across diverse sea areas using a consistent framework. This is a clear
strength of the manuscript. Overall, the paper is also very well written and grammatically
sound. The key conclusions of this manuscript are likely valid;, however, I recommend that the
authors provide stronger justification and quantitative support to demonstrate the robustness
of their results. Several aspects of the analysis currently lack sufficient methodological detail
and uncertainty assessment, which makes it difficult to fully evaluate the strength of the
conclusions. My specific comments are provided below.

Importantly, the modal fitting presented in the manuscript requires substantial revision. The
current fits do not adequately represent the measured size distributions and undermine the
interpretation of modal contributions. This issue should be addressed prior to publication.

Response:

We greatly appreciate the referee for taking precious time in providing the detailed and
constructive comments. We tried our best to carefully account for all comments from the referee
that will certainly improve the manuscript and supplement. We hope that the revised manuscript
and supplement meet the standards of the referee. Basically, responses are provided with
detailed explanations for each comment and all modifications in the main text are highlighted
in blue.

[Comments 1] — Paragraph 1

The opening paragraph frames the study in terms of aerosol radiative forcing and its role in
the Earth's energy balance, including detailed discussions of IPCC ARG forcing estimates and
comparison to CO». This initially suggests that the manuscript will focus on aerosol radiative
impacts. However, the study is instead centered on CCN activity and process-level aerosol-
cloud interactions. This creates a disconnect between the introduction and the actual scope of
the work. I recommend revising the opening paragraph to better align with the study objectives
by reducing the emphasis on radiative forcing and instead focusing more directly on CCN-
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relevant processes and uncertainties.

Response:

Thank for the referee’s insightful suggestions. We reduced the sentences regarding radiative
forcing and instead focused more on aerosol—cloud interactions and their associated
uncertainties.

“Atmospheric aerosols play a critical role in cloud formation and evolution by acting cloud
condensation nuclei (CCN), thereby influencing cloud droplet concentration and size, albedo,
cloud lifetime, and precipitation efficiency (Twomey, 1974; Albrecht, 1989). Therefore,
aerosol—cloud interactions are recognized as one of the largest sources of uncertainty in climate
prediction, particularly over marine regions where extensive low-level clouds are highly
sensitive to aerosol perturbations (Carslaw et al., 2013; Bellouin et al., 2020; Forster et al.,
2021; Chen et al., 2024). Despite their importance, substantial uncertainties remain in
understanding how aerosol characteristics control CCN activity and cloud responses across
different marine environments. Improving our understanding of the factors governing CCN
activation is thus essential for reducing uncertainties in aerosol—cloud interactions.” (lines 34—
43)

[Comments 2] — Paragraph 2

The introduction provides a limited and somewhat unbalanced overview of marine aerosol
sources, and is not well aligned with the scope of the study. For example, while sulfate
formation from DMS is discussed, the role of DMS-derived secondary organic aerosol is not
considered, and marine organics are only attributed to primary sea spray emissions. More
broadly, as no aerosol composition measurements are presented, the source-focused discussion
reads more like that of a source apportionment study than one centered on CCN activity and
K . I recommend revising this section to focus more directly on factors controlling
hygroscopicity and CCN activation (e.g., particle size, mixing state, and general compositional
influences), rather than detailed source attribution that cannot be constrained by the
measurements in this work.

Response:

In accordance with the referee’s valuable comment, we removed most of the sentences related
to marine aerosol sources from second paragraph. Furthermore, to better focus on the factors
governing aerosol hygroscopicity and activation behavior, we merged the second and third
paragraphs and revised them as follows.
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“The ability of aerosols to act as CCN is mainly governed by their size, and secondarily by
their chemical composition and mixing state (Dusek et al., 2006). Together, these factors
determine aerosols hygroscopicity (k) and, ultimately, activation behavior. Larger particles are
more likely to activate at lower supersaturations due to smaller curvature effect, while aerosol
composition affects the critical supersaturation required for activation according to their k
(Petters and Kreidenweis, 2007). For example, sea-salt-dominated environments typically
exhibit large particles with high k, facilitating efficient CCN activation (King et al., 2012;
Gaston et al., 2018). Sulfate-rich aerosols, though generally smaller than sea salt, also
contribute to CCN due to their high k (Sanchez et al., 2018; Park et al., 2021). In contrast,
increased contributions from organic aerosols can substantially reduce k and induce large
variations in CCN number concentrations (Ngcy) depending on their relative abundance
(Martin et al., 2011; Coggon et al., 2014). As such, even modest changes in marine aerosol
characteristics can significantly alter CCN activity, ultimately modifying the properties of
marine low-level clouds like stratocumulus and shallow cumulus clouds (Wood et al., 2015;
Fan et al., 2016). Therefore, aecrosol—cloud interactions over the ocean remain a key contributor
to climate prediction uncertainty, underscoring the need for long-term, spatially extensive
observations of aerosols and CCN.” (lines 44-60)

[Comments 3] — Paragraph 4 and 5

A summary table of the previous studies discussed in the introduction would be helpful.
Consider including columns for location, Ncn, Nccn, and Ncen/Nen ratio to facilitate
comparison with the results presented in this study.

Response:

Following the referee’s suggestion, we added a table in the main text that summarizes the
previous studies mentioned in the introduction.
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[Comments 4] — Lines 198-200

Please quantify how much data (%) was excluded based on the relative wind direction filtering
used to avoid ship exhaust contamination. This will help assess the representativeness of the
remaining dataset.

Response:

Through relative wind direction filtering, approximately 2.8% of the data were considered
contaminated by the vessel’s exhaust and were excluded from this study. We added this
information to the main text.

“Fortunately, the wind blew from the bow during most of the cruise (Fig. 2b), and
contamination by exhaust was minimal at 2.8%.” (lines 183—185)

[Comments 5] — Lines 212-213

[ find it problematic that AMS mass is used to “validate” SMPS/APS-derived mass, as the
typical approach is the reverse. SMPS measurements are used to constrain AMS mass via
collection efficiency and subsequent scaling. As presented, there is insufficient methodological
detail to evaluate this comparison. For example, was size-dependent transmission efficiency
accounted for? Additionally, how were refractory components treated in the mass comparison,
given that the AMS measures only non-refractory species?

Response:

We appreciate the referee’s insightful comments regarding the comparison between
SMPS/APS and AMS data. We agree that AMS mass concentrations should not be used as a
quantitative validation standard for mass concentrations derived from SMPS/APS number size
distribution. That is because AMS inherently cannot detect refractory components such as sea
salt, mineral dust, and black carbon, although we partially accounted for the size-dependent
transmission efficiency of the AMS. Accordingly, we revised the manuscript and supplement
to ensure that the AMS data is no longer presented as a quantitative validation standard for the
SMPS correction.

First, in the revised manuscript, we solely utilized PM» s data measured by the beta
attenuation method for the validation of SMPS corrections. This data provides a more
appropriate reference for the total particle mass compared to the NR-PM1 from the AMS.
Accordingly, we specified that the validation was performed exclusively against PMa s data,
and Figure S4 is modified to display only the PM2 s comparisons.
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“The corrected data were then validated against the PM; 5 data obtained by the beta attenuation
method before being used for this study (Fig. S4).” (lines 199-200 in manuscript)

“These results were compared with PM> 5 data based on the beta attenuation method.” (lines
113—114 in supplement)

250 . : T : befTre corre‘[ﬁon

[——Pm, , from SMPS and APS |
[
200 — |——PM, ; from beta attenuation -

o S o M e PR i
Mar 30th Apr 1st Apr 3rd Apr 5th Apr Tth Apr9th Apr 11th Apr 13th Apr 15th Apr 17th

after correction
T I

s

Apr 11th Apr 13th Apr 15th Apr 17th

Mar 30th Apr 1st Apr 3rd Apr 5th Apr 7th Apr 9th

Figure S4. Comparison of mass concentrations of particles smaller than 2.5 um before (top)
and after (bottom) the number concentration correction of SMPS. The black and red lines
represent PM3 5 calculated by combining SMPS and APS data and PM2.s measured using the

beta attenuation method, respectively.

Meanwhile, the AMS data were used only supplementarily for qualitative verification
of temporal consistency. Specifically, if the variations in SMPS number concentrations, which
spanned nearly an order-of-magnitude, reflected real atmospheric changes, a corresponding
change would be also expected in the NR-PM1 time series from the AMS. However, the NR-
PM1 times series showed continuous and smooth variation at the points where discontinuities
were exhibited in the SMPS data. This finding is interpreted as evidence that the discontinuities
of SMPS were anomalous changes caused by instrument malfunction rather than actual
atmospheric fluctuations. Therefore, separately from Figure S4, we added a new figure (Fig.
S3) showing the time series of the total aerosol number concentration before the SMPS
corrections alongside the NR-PM1 measured by the AMS. A brief explanation of this is also
incorporated into the main text.
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“If these variations reflected real atmospheric changes, they should be clearly evident in the
non-refractory PM1 data measured by the Aerosol Mass Spectrometer. However, since no such
signal was observed, the SMPS data are presumed to be anomalous.” (lines 194-197 in
manuscript)

“However, the time series of non-refractory PM1 (NR-PM1) measured by the AMS remained
continuous at the times when discontinuities exhibited in the SMPS data (Fig. S3).” (lines 11—
12 in supplement)
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Figure S3. Time series of (left) total aerosol number concentrations before the correction of

SMPS and (right) NR-PM1 measured by the AMS.

[Comments 6] — Lines 276

Linitially assumed that the Aitken and accumulation modes were derived from fitted SMPS size
distributions, however, this was only clarified upon reading the Figure 5 caption. The size
ranges used to define the nucleation, Aitken, and accumulation modes should be explicitly
stated in the main text, preferably within the Methods section.

Response:

Thank for pointing out this important point. As suggested, we added the definitions for the
three modes to Section 2.1.2.

“In addition, to investigate the size-resolved variations of aerosols, we categorized the SMPS
size range into three modes: nucleation mode (15-25 nm), Aitken mode (25-100 nm), and
accumulation mode (100—478.3 nm).” (lines 153-155)
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[Comments 7] — Lines 291

Change “were similar to those at the other supersaturations.” to “were similar to Nccw at the
other supersaturation.”

Response:

In response to all the referees’ comments, we revised the sentence as follows.

“A crucial point is that this period was the only instance in which the Ny at0.2% SS, where

only relatively large aerosols can activate, were similar to N,y at the other supersaturations
(Fig. 3b).” (lines 303-306)

[Comments 8] — Lines 299-300

Is this conclusion based on the range of measured values? Please quantify the difference to
make this statement clear.

Response:

Yes, this conclusion is based on our measurement data. To support this statement, we included
specific quantitative values in the main text.

“However, the distribution of the geometric mean diameter was larger when exiting the strait
(85.6 £ 17.2 nm when entering vs. 113.5 + 17.7 nm when exiting).” (lines 315-316)

[Comments 9] — Lines 300-301

Be explicit about mode number concentrations in text.

Response:

Similar to the point raised in Comment 8, we added the ratio of Aitken mode to accumulation
mode to this statement. Furthermore, we reviewed other statements throughout the main text
to ensure that they are supported by quantitative values.
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“This is because the ratio of Aitken mode to accumulation mode was lower upon exiting the
strait (1.32 £ 0.80 when entering vs. 0.49 + 0.20 when exiting).” (lines 316-318)

“Ncy were higher upon entering the strait from the South China Sea than upon exiting into the
Indian Ocean (2153 = 1257 ¢m™3 when entering vs. 901 =212 ¢m™3 when exiting).” (lines
310-312)

“Neen at0.2% SS exhibited a relatively uniform concentration within the strait, whereas N¢cy
at the other supersaturations were higher upon entering the strait (at 0.6% SS, 753 =404 ¢cm™3

when entering vs. 332 £ 57 ¢m™3 when exiting), consistent with the pattern of N.y.” (lines

318-321)

“Over the Indian Ocean, on April 9 (UTC), Noy and Ncy decreased sharply, reaching their
minimum values (Noy: 11 cm™3; Ngcy at 0.2 and 0.6% SS: 1 and 3 c¢m™3, respectively)
during the cruise.” (lines 323-325)

[Comments 10] — Lines 305-311

Please quantify the difference between Ncy and Nccn during non-precipitation periods over the
Indian Ocean. Additionally, indicate what fraction of the dataset (%) is affected. Consider
excluding precipitation events in the comparisons to other regions.

Response:

Following the comment, we examined the N-y and N;cy during non-precipitating periods
over the Indian Ocean, as well as during precipitating periods for a comprehensive comparison.
The results are added into the manuscript as follows.

“Meanwhile, in the Indian Ocean, Ny and Ngcy (at 0.2% and 0.6% SS) during non-
precipitating periods were 150, 30, and 67 c¢m™3, respectively, which were higher than the
average values during the precipitating periods (130, 11, and 37 c¢m™3). However, the
difference between Ny and N;cy was similar across both periods.” (lines 328-332)

Furthermore, in Section 3.2, we performed a re-analysis excluding precipitation
periods to ensure a more consistent comparison across the various regions. While precipitation
occurred during 2.55% of the entire voyage, this figure reduces to 1.44% (0.05% in the Strait
of Malacca and 1.39% in the Indian Ocean) when excluding periods that were not classified
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into any specific maritime region (e.g., March 28™). As the duration of precipitation was
minimal, the results remained largely unchanged. Therefore, we updated the quantitative values
in the main text (including Tables 2 and 3) and remade the figures, while the original narrative
remains unchanged. We also added a statement clarifying the exclusion of precipitation periods
at the beginning of Section 3.2.

“Additionally, to ensure a consistent comparison, periods affected by precipitation—
accounting for 1.44% of the period classified into specific marine regions (0.05% in the Strait
of Malacca and 1.39% in the Indian Ocean)—were excluded from the analysis.” (lines 403—
406)

[Comments 11] — Lines 410—418

This values reported for the South China Sea and the Strait of Malacca appear quite
comparable. For example, the difference in Ncy (1226 vs. 1446 cm?) is likely within
measurement uncertainty, and a similar overlap is evident for NCCN at both supersaturations.
With error propagation, the Nccn/Nen ratios are even more likely to fall within measurement
uncertainty. I recommend including uncertainty estimates in your analysis to assess whether
these differences are robust enough to support the conclusions drawn.

Response:

We thank the referee for this important comment. Following the referee's suggestion, we
quantified the measurement uncertainties of both N.y and Ng.y and assessed their
propagation into the Ngcy /Ny ratio. In this analysis, the measurement uncertainties for Ngy
and N.cy were assumed to be 10% and 4%, respectively, following Wiedensohler et al. (2018)
and Uin and Enekwizu (2024). Based on standard error propagation, the relative uncertainty in
the Nccny/Ncy ratio is estimated to be 10.8%. Accordingly, the mean Ngcy /Ny ratios and
their absolute uncertainties at 0.2% and 0.6% SS are 0.23 + 0.025 and 0.51 + 0.055 for the
South China Sea, and 0.19 + 0.021 and 0.39 + 0.042 for the Strait of Malacca, respectively
(Table S2). We included these uncertainty estimates in the manuscript and added a summary
table in the supplement.

“However, when accounting for measurement uncertainties, the ranges of both ratios at 0.2%
SS overlap slightly, whereas at 0.6% SS, they remain distinct without overlap (Table S2).”
(lines 443-445)
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Table S2. Ratios of CCN number concentration to total aecrosol number concentration
(Ncen/Ncy) and measurement uncertainties by supersaturation in the South China Sea and

the Strait of Malacca.

South China Sea Strait of Malacca
SS (%) Neen/Ney ratio Uncertainty Neen/Ney ratio Uncertainty
0.2 0.23 0.025 0.19 0.021
0.4 0.49 0.053 0.34 0.037
0.6 0.51 0.055 0.39 0.042
0.8 0.52 0.056 0.43 0.046
1.0 0.52 0.056 0.44 0.048

Note. Measurement uncertainties for Noy and Ncy are assumed to be 10% and 4%,
respectively, following Wiedensohler et al. (2018) and Uin and Enekwizu (2024). Based on
the standard error propagation, the relative uncertainty for Nqcy/Ncy is 10.8%, and the

corresponding absolute uncertainties are presented in the table.

[Comments 12] — Section 3.2.2.

The modal fits shown here are not convincing and do not adequately reproduce the measured
size distributions. In particular, the accumulation mode peak height is consistently
underestimated (e.g., in the East China Sea, South China Sea, and Strait of Malacca), while
the peak with appears overestimated to compensate, resulting in poor representation of the
observed distributions. This suggests that the fits are not well constrained and may not reflect
a physically meaningful decomposition. Some residual analysis should be presented.

In addition, modal fitting was not described in the Methods section prior to this discussion,
making it difficult to assess how these fits were performed or constrained. Since the SMPS data
were merged with APS measurements, the modal fitting should be performed on the merged
size distribution to properly capture the full accumulation mode, particularly the coarse-mode
shoulder. Fitting only a subset of the size range likely contributes to the systematic
underestimation of the accumulation mode peak and misrepresentation of its width.

Finally, these distributions should be presented using a lognormal y-axis scaling (e.g.,
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consistent with dN/dlogDp representation) to properly evaluate the quality of the fits and the
relative contributions of each mode.

Response:

We sincerely appreciate the referee’s important comment regarding the modal fitting. As the
fitting was performed using only the SMPS data, the coarse-mode shoulder was not properly
captured, which led to an underestimation of the accumulation mode. To address this issue, we
conducted a new modal fitting on the merged size distribution ranging from 15 to 3000 nm
using the APS data. We also refined the physical interpretation based on the new results.

“The nucleation mode was carefully interpreted, as it was fitted within a significantly restricted
geometric mean diameter range (15-25 nm) to account for occasional voltage instabilities in
the smallest size bins of the SMPS.

Submicron aerosols dominated the total number concentrations across all regions. In
contrast, while the contribution of the coarse mode to the number concentrations was minor,
these particles could play a substantial role in CCN activation at low supersaturations.

In the East China Sea, South China Sea, and Strait of Malacca, three submicron modes
were observed, but the distributions were characterized by prominent Aitken and accumulation
modes.” (lines 483-491)

“In contrast, the Indian Ocean exhibited much lower number concentrations across all three
submicron modes, but a relatively distinct separation among these modes.” (lines 500-501)
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Figure 9. Average aerosol size distributions (black circles) for each sea area along with the
fitting results for each mode (green, blue, red, and cyan lines). The distribution for the sum of

all modes is represented by a magenta line. For the South China Sea, the volcanic-influence

period was depicted separately.

To enhance consistency and reproducibility in the modal fitting, we modified our
methodology and added detailed descriptions of the updated method to the Methods section in
the manuscript. Furthermore, following the referee’s suggestion, we included information on
residuals along with the fitting parameters in the supplement (Table S3). We also presented the
reasons for the poor fitting performance during the volcanic-influence period based on a

residual analysis.
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“2.2.2. Fitting of multiple lognormal modes

Merged SMPS—APS size distributions (15-3000 nm) were fitted with multiple lognormal
modes to characterize the aerosol modal structure, where each mode was expressed as follows:

) — Nii p _(IOgIO Dp—logio ng,i)2
P V2mlogio oy, 2(logyo crg,i)2 ’

(1)

where D, denotes the aerosol diameter. N;;, Dg; and o,; are the total number

N;(D

concentrations, the geometric mean diameter, and the geometric standard deviation of mode i,
respectively.

To better reproduce the broad large-particle shoulder, following the concept of Modini
et al. (2015), the coarse mode was first fitted to the upper part of the size distribution (1000—
2500 nm) using a constrained single lognormal mode, with bounds of N, = 0 — 20 cm™3,
D,y = 500 — 1800 nm and o, = 1.5 — 3.0. These bounds were selected to allow a single
broad mode to represent the observed coarse mode shoulder while minimizing interference
from the dominant submicron modes. In addition, while the upper limit of the merged size
distribution is 3000 nm, the coarse mode fitting was only performed up to 2500 nm to avoid

overfitting in the 2500-3000 nm range, where number concentrations were negligible.

The fitted coarse mode was then subtracted, and the residual submicron distribution
(15-1000 nm) was fitted with multiple lognormal modes. The maximum number of submicron
modes was limited to three to preserve physically interpretable mode structures. The optimal
number of modes was determined sequentially: when the addition of one extra mode decreased
the RMSE by less than 10%, the previous number of modes selected as optimal. The parameter
bounds for the submicron modes were basically D,; = 15 —25nm and o, = 1.0 — 1.5 for
the nucleation mode, D,, =25 —100nm and g, = 1.0 — 2.0 for the Aitken mode, and
D,y =100 -—500nm and o4, =1.0—2.0 for accumulation mode, with N, =0-—
10000 ¢cm™3 for all three.” (lines 212-234)

“Finally, based on the residuals, the performance of the fitting for the volcanic-influence period
was relatively poor compared with the other four regions (Table S3). Although four submicron
peaks were identified in the measured size distribution (< 40, ~70, ~170, and ~400 nm),
increasing the number of submicron modes from two to three reduced the RMSE by less than
10%. Consequently, only the nucleation and accumulation modes were ultimately fitted,
resulting in substantial underestimation at around 50 nm and 600 nm (Fig. S10). Nevertheless,
it is evident that a distinct accumulation mode (N, = 2468 cm™3, o4 = 1.43) was observed

during the volcanic-influence period.” (lines 508-515)
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Figure S10. Size-dependent absolute (blue) and relative (red) residuals for the lognormal

modal fitting in each sea area.

[Comments 13] — Lines 409

The use of “dominance” is unclear in this context. It is not evident whether this refers to sulfate
representing the largest mass fraction of the aerosol or to sulfate disproportionately controlling
hygroscopicity. Additionally, as this interpretation appears to be based on SO: concentrations
rather than direct composition measurements, the statement is too definitive. I suggest revising
the wording to indicate that sulfate is likely an important contributor, rather than asserting
dominance, unless further evidence can be provided.

Response:

We thank the referee for this thoughtful comment. Indeed, we agree that we should not be too
definitive. Following the referee’s suggestion, we revised the sentence using a more tentative
tone.

“Meanwhile, the N.cy/Ncy ratios at 0.2% SS during the volcanic-influence period were
exceptionally high, which was likely due to contribution of hygroscopic sulfate aerosols in
addition to the largest aerosol sizes.” (lines 434-436)
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[Comments 14] — Lines 481

Please quantify the measurement uncertainties (%) at each supersaturation in a Table (in the
supplement should suffice).

Response:

According to the manufacturer’s manual, at low supersaturation (e.g., <0.2%), the maximum
CCN count rate decreases at higher particle concentrations due to counting limitations such as
coincidence effects in the optical particle counter.

In addition, Rose et al. (2008), which systematically investigated the calibration and
measurement uncertainties of the DMT-CCNC, reported that the uncertainty in effective

supersaturation becomes substantially larger at low supersaturation (£0.1%). This is because

the relationship between the column temperature gradient and supersaturation is non-linear at
low supersaturation.

Nevertheless, it is difficult to assign a single quantitative uncertainty value for CCN
concentrations at each supersaturation, as the overall uncertainty depends on multiple factors,
including supersaturation calibration accuracy, OPC counting efficiency, the slope of the
activation curve, and aerosol number concentrations.

[Comments 15] — Lines 585-586

This statement is too definitive given that no direct compositional measurements are presented.
If this interpretation is based on SO: or other indirect proxies, the language should be softened.
I recommend revising to indicate that sulfate is likely an important contributor, rather than
asserting a substantial fraction, unless additional supporting evidence is provided.

Response:

Thank for the suggestion. But, instead of softening the tone in this sentence, we removed the
reference to sulfate.

“Moreover, Ngcy during the Cluster 2 period were at least twice Ngcy observed in Clusters
1 and 3, with the difference being particularly evident at 0.2% SS.” (lines 637-638)
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[Comments 16] — Lines 634

Change “clustering analysis was combined to enable a” to “clustering analysis enabled”.

Response:

In response to all the referees’ comments, we revised the sentence as follows.

“Furthermore, clustering analysis was applied to enable a multifaceted examination of
variability within individual sea areas.” (lines 685-686)

[Comments 17] — Lines 643

Change “were closed to those at higher supersaturation.” to “were comparable to Nccn at
higher supersaturations.”

Response:

This sentence is also revised as follows, incorporating all the referees’ comments.

“It was the only period during which Ny at 0.2% supersaturation (SS) was comparable to
Nccy at higher supersaturations.” (lines 693-694)

[Comments 18] — Figure 1

This can be in the supplement.

Response:

Following the suggestion, Figure 1 is moved from the manuscript to the supplement.
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Observation room

Figure S1. Picture of R/V IS4ABU. The red rectangle denotes the observation room with inlets,
and the four blue rectangles in the interior photograph indicate the SMPS, CCNC, and inlets.

The red circle represents the vessel’s plume stack.

[Comments 19] — Figure 2

Consider labeling the regions along the x-axis, similar to Figure 4, to clearly indicate when
the ship is in the East China Sea, South China Sea, Strait of Malacca, and Indian Ocean.

Response:

While the map with regional classification was previously presented in Figure S3, we have
merged Figure 2 and Figure S3 following the referee’s suggestion. Specifically, the regional
classification has been integrated into (new) Figure 1, and Figure S3 has been removed.
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Figure 1. Cruise route of the R/V ISABU in 2024, including regional classification (Source:
Esri, TomTom, Garmin, FAO, NOAA, USGS, USFWS; Powered by Esri).

[Comments 20] — Figure 5

CNis and Dg should be defined in the main text. Please ensure that all abbreviations are clearly
introduced in the text itself, rather than only in the figure captions.

Response:

As the referee pointed out, N.py15 and Dg in the figures are not explained in the main text but
are only introduced in the captions.

To ensure consistency with the main text, where N,y is used throughout, we revised
N¢yis to Ney in Figures 3, 4, 5, 7, and 8. Instead, we added a detailed definition of Ny in
Section 2.1.2. We also revised the description in these figures’ captions to ‘total aerosol number
concentration.

“Accordingly, N¢y in this study refers to the total number concentration of aerosols larger
than 15 nm.” (lines 152-153)
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Figure 4. Spatial distributions of (a) total aerosol number concentrations, (b) geometric mean
diameter, and number concentrations of (¢) nucleation mode (15-25 nm), (d) Aitken mode (25—
100 nm), and (e) accumulation mode (100—500 nm) during the transit voyage of the R/V ISABU
(from Natural Earth).

Meanwhile, for Dg, its definition was added into the sentence where ‘geometric mean
diameter’ first appears. As a result, unlike N yq5, Dg in Figures 4 and 7 remains unchanged.

“In fact, this enhancement was primarily driven by the accumulation mode (Fig. 4e),
particularly by particles around 200 nm diameter, consistent with the distribution of geometric
mean diameter (Dg) presented in Fig. 4b. A detailed analysis of this phenomenon will be
provided in Section 3.1.2.” (lines 306-309)
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Moreover, in response to the referee’s comment, we have thoroughly reviewed all other
abbreviations throughout the manuscript and supplement.

[Comments 21] — Figures 8 and 9

Please clarify whether the box plots represent interquartile ranges, and explicitly state this in
the figure captions.

Response:

We sincerely appreciate the referee’s comments on this critical point. The criteria for the
various elements of a box plot must be clearly defined. Accordingly, we have added a
description of relevant details used to make box plots to the captions of Fig. 7 and 8.
Furthermore, we have updated the captions for the box plots in the supplement to include these
details (Fig. S6 and S9).
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Figure 7. Box plots of (a) total aerosol number concentrations, (b) geometric mean diameter,
and (c) nucleation (15-25 nm), (d) Aitken (25-100 nm), and (e) accumulation (100-500 nm)
mode number concentrations for each sea area. For the South China Sea, the volcanic-influence
period was depicted separately. The horizontal line in each box and the black dots represent
the median and mean values, respectively. The range of the boxes is from 25th percentile to
75th percentile (IQR). The whiskers extend away from the box to the two extreme values but
if there are data points that exceed 1.5 X IQR from the upper or lower end of the box, they

are shown as colored dots as outliers.
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[Comments 22] — Figure 9c and 9d

Consider adding more y-axis ticks (e.g., at intervals of 0.2) to improve readability and allow
for easier comparison across regions.

Response:

Following the referee’s comments, we converted the y-axis ticks for better readability.
Consistent with Fig. 8, the y-axis ticks of Fig. S9 have been modified.
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Figure 8. Box plots of (a—b) CCN number concentrations at 0.2% and 0.6% supersaturation
and (c—d) their ratios to the total aerosol number concentrations for each sea area. For the South
China Sea, the volcanic-influence period was depicted separately. The horizontal line in each
box and the black dots represent the median and mean values, respectively. The range of the
boxes is from 25th percentile to 75th percentile (IQR). The whiskers extend away from the box
to the two extreme values but if there are data points that exceed 1.5 X IQR from the upper

or lower end of the box, they are shown as colored dots as outliers.
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Figure S9. Box plots of (a) CCN number concentrations at 0.4%, 0.8% and 1.0%
supersaturation and (b) their ratios to the total aerosol number concentrations for each sea area.
For the South China Sea, the volcanic-influence period was depicted separately. The horizontal
line in each box and the black dots represent the median and mean values, respectively. The
range of the boxes is from 25th percentile to 75th percentile (IQR). The whiskers extend away
from the box to the two extreme values but if there are data points that exceed 1.5 X IQR from

the upper or lower end of the box, they are shown as colored dots as outliers.

[Comments 23] — SI Line 110

To convert between vacuum diameter and mobility diameter, a typical effective density is
between 1-1.6 g/cm®. Why was 1.7 g/cm® assumed?
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Response:

First, we apologize for the unclear description.

The density of 1.7 g cm™ was not used for the conversion between vacuum

aerodynamic diameter and mobility diameter. Instead, it was used to convert number
concentrations into mass concentrations by assuming spherical particles, as described in
Equation S6 of the supplement.

Next, the density of 1.7 g cm™ represents the average aerosol density calculated from
AMS data during the entire cruise. Admittedly, this value may not be perfectly representative
of the total aerosol density since the AMS cannot observe refractory components. However,
the key point is to evaluate the consistency between PM2.5 and the mass concentrations derived
from SMPS/APS size distribution for validating the SMPS correction. Therefore, we
determined that using this value that partially reflects the chemical composition measured
during the cruise is more appropriate than using a general literature value. As a result, 1.7 g
cm™ was used for the number-to-mass conversion.

To avoid confusion, we revised the relevant sentence in the supplement and added a
statement describing the uncertainty with this density assumption.

“To validate the number concentration correction of SMPS, the number concentrations were
converted to mass concentrations using Equation S6, assuming spherical particles.” (lines 112—
113 in supplement)

“where p denotes the aerosol density; in this study, we used a value of 1.7 g cm™, which is
the mean aerosol density calculated from the AMS data throughout the entire cruise.” (lines
118-119 in supplement)
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