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The manuscript deals with marine aerosol physical properties retrieved during a late summer
vessel cruise in Arctic and Pacific Ocean, and it’s really interesting, finding out different and
peculiar aerosol properties, allegedly due to origin/sources, with a clear distinction between
well defined region (Arctic Marine, Arctic Terrestrial and Ocean Pacific. The main result is the
relevance of terrestrial ecosystem in affecting the aerosol physical properties, at least for late
summer period.

We would like to thank the reviewer for valuable and constructive comments and suggestions.
Below, you will find a point by point description of how each comment was addressed in the
manuscript.

going directly to the paper:

the title and the abstract are clear and reflect the paper’s content, the text is precise, fluent and
well written there is only a simple error when authors describe relationship between NPF event
and photochemistry: figures 4d, 5d and 6d refers to graph with SZA vs time, but the figure (and
the text) indeed show cos (SZA): please modify text and figure caption.

Response: We agree with the reviewer’s comment. It was modified in text and figure.

by the way, the figure show the "geometric solar configuration”, indicating cos(SZA) as a proxy
for the solar energy reaching the surface. Clouds usually affect the real solar radiation reaching
the surface, while the figures show a modeled clear sky condition. could authors add any
comment about eventual cloud presence and their influence on NPF event?

Response: To classify this issue, we compared weekly averaged liquid cloud fraction from
Aqua/MODIS retrieval data for each period (week 1: 8/29/2017—9/5/2017, week 2: 9/6/2017—
9/13/2017, week 3: 9/14/2017—9/21/2017, and week 4: week 4 (9/22/2017— 9/29/2017)). Then,
Figure S5 was added and the sentence (including references) was rewritten as given below.

Page 11, Line 270: “In addition, cloudiness which usually affects the real solar radiation
reaching the surface was compared based on Moderate Resolution Imaging Spectroradiometer
(MODIS) cloud fraction retrievals (Fig. S5). The data showed that cloud fraction was
significantly high during the entire sampling periods, in general agreement with some other
studies over the western Arctic region (e.g., Dong et al., 2010; Collines et al., 2017). In detail,
the cloud fraction was relatively low for week 1 (8/29/2017-9/5/2017; Fig. S5a) and week 3
(9/14/2017—-9/21/2017; Fig. S5¢) when NPF event and growth was frequently observed (Fig.
3). This suggests that solar radiation at the surface, which is affected both by the cloud cover
and SZA, may have influenced aerosol concentration and NPF observed here.”

some comment about the text:
line 84: figure 2 shows data analysis between August 31 and September 24: please
change data in line 84



Response: Thank you for the comment. It was corrected.

line 122-123: for each instrument is indicated the data frequency sampling, except the
OPS(TSI13330): could the authors supply this information?
Response: We added the information as follows:

Page 5, Line 122: “An OPS (TSI 3330) was used to determine the size distribution of particles
in the range of 100 nm to 10 um diameter with a sample flow rate of 1.0 Ipm every 3 minutes.”
line 233: maybe a ";" should replace "," between observed and however

Response: It was altered.

line 248: could authors add a definition of Geometric Mean Diameter?
Response: We added the information (including the reference) as given below.

Page 10, Line 254: “The GMD is defined as the particle diameter at which the cumulative
probability becomes 50% for the fitted log-normal distribution (Hinds, 1999)”.

line 285-286: maybe a verb is missing?
Response: Thank you for pointing this out. It was added as follows.

Page 12, Line 300: “During this period, air masses were heavily influenced by northern Alaska.”

line 350: i would add the word "late summer™" before terrestrial line 365: the same here
Response: Following the reviewer’s suggestion, “terrestrial Arctic air masses” were changed
to “late summer terrestrial Arctic air masses” (Line 368 and Line 383).

line 426: could authors add a definition of Critical Diameter?
Response: We included the information as given below.

Page 18, Line 472: “Furthermore, the critical diameter (Dc) (i.e., the diameter at which the
integration of aerosol size distribution from the largest particle diameter to the lower ones
matches with the measured CCN concentration) was estimated using the measured aerosol size
distribution, CN2.5, and CCN concentrations with a time resolution of 1 h, as described by
Furutani et al., (2014).”

simple typos: line 306: masses instead of messes
Response: It was corrected. Thanks for finding this.

line 440 and 441, in these lines the authors use a *," to indicate number greater than 1000, while
in manuscript generally no comma is used. please adjust the numbers
Response: It was corrected.

line 270-271 : please adjust references: this format (Vehkamaéki et al., 2004) or this format?
Suni et al. (2008)

Response: It was corrected.

several lines: when indicating multiple references, please add a space after "
Response: It was corrected.



about figure: | suggest to add the aerosol origin classification, as showed in figure 3, also in
figure 2.
Response: Figure 2 was improved as suggested by the reviewer.

in figure 7 the averaged size distribution are showed, starting from more than 7 nm to 300 nm.
Could the author describe how the 2 smps dataset (nano and standard) are combined? The nano
measures from 3 nm to 80 nm, while the standard collect data from 10 nm to 300 nm.

To obtain the number size distribution in the size range from 7 nm to 300 nm as shown in
Figure 7, we used nano SMPS data from 7 nm to 64 nm and standard SMPS data from 64 nm
to 300 nm. We confirmed that nano SMPS and standard SMPS data agreed within ~8% in their
overlapping size range (10 — 64 nm) (Figure S4). In fact, Watson et al. (2011) compared four
types of scanning mobility particle sizers (i.e., TSI nano SMPS, TSI standard SMPS, Grimm
SMPS, MSP WPS). They also demonstrated that hourly average particle concentrations in the
10— 84 nm size range measured with TSI nano SMPS were well correlated with those measured
with TSI standard SMPS. To clarify this issue, Figure S4 and description were added as given
below.

Page 13, Line 334: “To obtain the number size distribution in the size range from 7 nm to 300
nm as shown in Fig. 7, we used nano SMPS data from 7 nm to 64 nm and standard SMPS data
from 64 nm to 300 nm. The nano SMPS and standard SMPS data agreed within ~8.8% in their
overlapping size range (10 — 64 nm) (Fig. S4), similar to a previous study (Watson et al., 2011).”
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This manuscript describes approximately one month of measurements of aerosol physical
properties and CCN concentrations taken aboard ship in the Pacific region of the Arctic, and
Northern Pacific Ocean. This work demonstrates that terrestrial inputs in coastal areas can be
an important driver of the particle size distribution in Arctic regions, and can drive strong new
particle formation relative to open ocean areas of the Pacific. This is an important and
interesting conclusion that has not been made in the past. Also, notably, this work presents
measurements of particle size distributions starting at 3nm, which has not been done in many
Acrctic regions. This manuscript is well written, and presents the main results clearly. | support
publication in ACP once the following issues can be addressed.

We sincerely appreciate all valuable comments and suggestions, which helped us to greatly
improve the quality of the manuscript. We corrected the manuscript point by point accordingly.

Major comments:

(1) I am somewhat surprised that the authors have not demonstrated agreement between the
two SMPS systems in their overlapping size range (i.e., 10-80nm). This is a crucially important
size range for understanding particle growth and adequate quality control of these
measurements should be addressed. How does N10-80 measured by the two instrument
compare across the measurement period? Were any size calibrations of the two instruments
made in the field? A clearer description of how the two measurements of particle size were
aggregated over the overlapping range to produce Figure 7 is needed.

To obtain the number size distribution in the size range from 7 nm to 300 nm as shown in
Figure 7, we used nano SMPS data from 7 nm to 64 nm and standard SMPS data from 64 nm
to 300 nm. We confirmed that nano SMPS and standard SMPS data agreed within ~8% in their
overlapping size range (10 — 64 nm) (Figure S4). In fact, Watson et al. (2011) compared four
types of scanning mobility particle sizers (i.e., TSI nano SMPS, TSI standard SMPS, Grimm
SMPS, MSP WPS). They also demonstrated that hourly average particle concentrations in the
10 — 84 nm size range measured with TSI nano SMPS were well correlated with those measured
with TSI standard SMPS. To clarify this issue, Figure S4 and description were added as given
below.

Page 13, Line 334: “To obtain the number size distribution in the size range from 7 nm to 300
nm as shown in Fig. 7, we used nano SMPS data from 7 nm to 64 nm and standard SMPS data
from 64 nm to 300 nm. The nano SMPS and standard SMPS data agreed within ~8.8% in their
overlapping size range (10 — 64 nm) (Fig. S4), similar to a previous study (Watson et al., 2011).”

(2) How does the condensation sink and average growth rate compare (1) across the different
types of air masses sampled, and (2) to previous Arctic measurements? Was the condensation
sink significantly higher in the Pacific air masses? Figure 7 would suggest that is the case. |



suggest that the authors make full use of their unique data set by calculating the above two
quantities wherever possible, and including them in relevant figures. Statistics of these
quantities could be included in Table 1. This would facilitate improved comparison with other
studies in similar coastal Arctic regions (e.g.,, Collins et al, ACP, 2017
https://doi.org/10.5194/acp-17-13119-2017 and Burkart et al., GRL, 2017 doi:
10.1002/2017gl075671). In particular, Collins et al 2017 provides a detailed comparison of the
condensation sink in their observations with that sampled globally (their Figure 8). Placing the
author’s results in this broader context would strengthen the paper significantly.

Response: We calculated growth rate and condensation sink for Arctic marine, Arctic terrestrial
and Pacific marine air masses. The resulting values are given in Table 1 and compared with
other studies in Arctic regions as given below.

Page 17, Line 422: “Table 1 shows particle growth rate (GR) and condensation sink (CS) for
Arctic marine, Arctic terrestrial and Pacific marine air masses. The GR was calculated by fitting
a linear regression to the peak diameter of the aerosol size distribution for the nucleation-mode
between 4 and 20 nm against time during the NPF cases (Dal Maso et al., 2005; Pierce et al.,
2014). The GR observed during the Arctic marine and Arctic terrestrial air masses were the 0.4
£ 0.3 nm h'! and 0.8 = 0.2 nm h’!, respectively, which was similar to the values previously
observed from other Arctic regions. A shipboard expedition conducted during the summers of
2014 and 2016 throughout the Canadian Arctic, indicated that the GR varied widely from 0.2
to 15.3 nm h™!' (Collins et al., 2017). The GR observed at Summit, Greenland was 0.2 + 0.1 nm
h'! (range 0f 0.09 t0 0.3 nm h'!') (Ziemba et al., 2010). Similarly, in Utqiagivik (Barrow), Alaska,
the GR was 1.0 nm h'! in air mass influenced by Beaufort Sea, whereas the value was 11.1 nm
h'! in air mass influenced by Prudhoe Bay (i.e., oil field area) (Kolesar et al., 2017).”

Page 17, Line 439: “The CS is a key parameter assessing the NPF and growth and determines
how rapidly gaseous molecules condense onto pre-existing particles. The CS was calculated,
following Dal Maso et al. (2002) and Collines et al. (2017). The resulting CS values are given
in Table 1. The CS observed during the Arctic marine and Arctic terrestrial air masses were 0.5
+0.4nmh'and 0.9 £ 0.5 nm h'!, respectively. The CS in this study is on the low end of the
values observed during the summer in Arctic marine boundary layer (shipborne expeditions)
(Collins et al., 2017), Utqiagivik, Alaska (Kolesar et al., 2017), and Ny-Alesund, Svalbard
(Giamarelou et al., 2016). In case when air mass passed over the Pacific Ocean, the CS was 2
or 4 times higher than those of Arctic air masses. It seems that such higher CS for Pacific
marine air masses lowered the concentration of condensable vapors, thereby resulting in the
non-event days in Pacific marine air masses.”

(3) What other environmental variables were different between the three air mass source
regions? e.g., wind speeds, cloud cover?

Response: Following the reviewer’s comments, environmental variables such as wind speeds
and wind direction for the three air masses were also shown in Table 1.

(4) It appears as though multiple modes were present in some cases (e.g., during 9/13-9/17),
and based on Figure 7 appear in average size distributions. As discussed in Burkart et al., GRL,
2017 (doi: 10.1002/20179l075671), comparing the growth rates of different particles modes
can provide significant insight into the physical chemical properties of the
condensing/partitioning species. | do not suggest that the authors undertake a detailed
modelling exercise as in Burkart et al, rather that the authors calculate growth rates for the
different modes and discuss what these quantities might mean in the context of the Burkart et



al analysis.
Response: To clarify this issue, we determined the growth rate of the distinct modes based on
Burkart et al analysis. Figure S6 and a few sentences were newly added as follows.

Page 17, Line 432: “Particularly, simultaneous growth of multiple modes was present in some
cases (9/13/2017—-9/21/2017). We calculated the GR of the distinct modes, as shown in Fig.
S6. The results showed that growth of the larger mode (e.g., preexisting mode) was faster than
the smaller mode (e.g., nucleation mode), consistent with ship-based aerosol measurements in
the summertime Arctic by Burkart et al. (2017b). They proposed that growth was largely via
condensation of semi-volatile organic material, because lower volatile organics could lead to
faster growth of the smaller mode.”

Minor comments:

L67-68: | agree with this statement in general; however, the authors miss two very relevant
studies of ship-based coastal Arctic measurements: Collins et al.,, ACP, 2017
https://doi.org/10.5194/acp-17-13119-2017 and Burkart et al., GRL, 2017 doi:
10.1002/2017gl075671

Response: As suggested by the reviewer, we added the two references (Collins et al., 2017 and
Burkart et. al., 2017).

L69-82: This paragraph focuses on studies that have linked NPF events to increases in
measured CCN; however, the authors focus not only on studies from Arctic regions and seem
to focus on global observations as the expense of being exhaustive in discussing all of the very
few relevant Arctic studies. The two studies mentioned in the comment above should be
included here, and are more relevant to the authors’ discussion than Kalivitis 2015 and Rose
2017. Burkart et al., ACP, 2017 (doi: 10.5194/acp-17-5515-2017) also connect NPF with CCN
in coastal Arctic environments.

Response: These references (Collins et al., 2017 and Burkart et. al., 2017) were addressed in
the manuscript (Line 67, Line 70, Line 75 and Line 77), and the sentence was modified as given
below.

Page 3, Line 75: “Several examples of increase in the CCN concentration after a few hours
from the beginning of NPF events were presented by Burkart et al. (2017b) in the summer
marine Arctic during the 2014 NETCARE Amundsen ice breaker campaign, by Kim et al (2019)
at King Sejong Station in the Antarctic Peninsula, by Pierce et al. (2012) in a forested mountain
valley in western Canada, and by Willis et al. (2016) in an Arctic aircraft campaign in Nunavut,
Canada.”

L123-126: Time resolution of the aethelometer?
Response: Raw time resolution of the aethelometer is 5 min. We added this information in the
experimental section.

Page 5, Line 123: “The BC concentration was measured using an aethalometer (AE22, Magee
Scientific Co., USA) with a 5-min time resolution to assess the influence of anthropogenic
sources (such as local pollution and ship emissions).”

L141: Can the authors be more quantitative in describing “particularly high (spike) and varied
dramatically in a short time”?



Response: The statement was modified to make quantitative description:

Page 6, Line 143: “The data collected when total aerosol number concentrations were higher
than 8000 cm™ were removed. In addition, the CPC and SMPS data were removed for the time
periods when total aerosol number concentrations suddenly increased more than two times
higher than the background values.”

L235: Tremblay et al, ACP, 2019 (https://doi.org/10.5194/acp-19-5589-2019) demonstrated
regional growth events taking place over the Northern Canadian Arctic Archipelago, and their
results are relevant to this discussion.

Response: We agreed with the reviewer’s comments. We added the reference in the manuscript
(Page 10 and Line 240) and the description was rewritten as given below.

Page 10, Line 243: “Tremblay et al (2019) also concluded that particle nucleation events
occurred over spatial scales of at least 500 km during the summertime in the Canadian High
Arctic.”

L262-263: Could a satellite-based measurement of cloud fraction (e.g., from Aqua MODIS that
is openly available) be used to assess any impact of cloudiness on the observations of NPF?
Response: To classify this issue, we compared weekly averaged liquid cloud fraction from
Aqua/MODIS retrieval data for each period (week 1: 8/29/2017—9/5/2017, week 2: 9/6/2017—
9/13/2017, week 3: 9/14/2017—9/21/2017, and week 4: week 4 (9/22/2017—9/29/2017)). Then,
Figure S5 was added and the sentence (including references) was rewritten as given below.

Page 11, Line 270: “In addition, cloudiness which usually affects the real solar radiation
reaching the surface was compared based on Moderate Resolution Imaging Spectroradiometer
(MODIS) cloud fraction retrievals (Fig. S5). The data showed that cloud fraction was
significantly high during the entire sampling periods, in general agreement with some other
studies over the western Arctic region (e.g., Dong et al., 2010; Collines et al., 2017). In detail,
the cloud fraction was relatively low for week 1 (8/29/2017-9/5/2017; Fig. S5a) and week 3
(9/14/2017-9/21/2017; Fig. S5¢) when NPF event and growth was frequently observed (Fig.
3). This suggests that solar radiation at the surface, which is affected both by the cloud cover
and SZA, may have influenced aerosol concentration and NPF observed here.”

L422-435: Burkart et al., ACP, 2017 (doi: 10.5194/acp-17-5515-2017) also estimated the CCN
activation diameter to be approximately 80nm in a coastal Arctic environment.
Response: We added the reference in the manuscript as given below.

Page 19, Line 478: “For instance, the D. of 80 nm at 0.6 % SS was observed during the aircraft
measurement in July 2014 in the high Arctic marine boundary layer of Resolute Bay, Nunavut,
Canada (Burkart et al., 2017a).”

Table 1: Do Nstandardsmps @and Nnanosmps include the overlapping size range? | suggest that the
authors be explicit about the size range here, rather than referring to the instrument. Presenting
mean concentrations in specific size ranges from aggregated size distribution data may be more
useful (e.g., as shown in figure 2)

Response: As suggested by the reviewer, we presented mean concentrations of nucleation mode
(3 — 20 nm) (Nnuc), Aitken mode (20 — 100 nm) (Nart), accumulation mode (100 — 300 nm)
(Nacc), and coarse mode (> 300 nm from OPS) (Nops) particles for the three selected periods



in Table 1.

Figure 7: Specify which SMPS is used in the size range from 10-80nm

Response: This is similar to a comment above. Again, we used nano SMPS data from 7 nm to
64 nm and standard SMPS data from 64 nm to 300 nm. We confirmed that the nano SMPS and
standard SMPS data agreed within ~8.8% in their overlapping size range (10 — 64 nm), as
shown in Fig S4.

Specific comments:
L61: Ice and snow-covered regions
Response: It was corrected.

L264: change ’trends’ to "tends’
Response: It was corrected.

L286: missing ‘were’
Response: It was corrected.
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