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This paper is an improvement of the Dal Maso et al. (2005) classification of New Particle Formation (NPF) days.
That classification was limited to particles about 3 nm in mobility diameter and gave three classes: events,
non-events and undefined days. In this paper a new proposal based on the ions participating in the nucleation
is given and four classes can be obtained, excluding the undefined days. Other improvements have been
incorporated, like the identification of regional and transported events. It has been applied to a large database
and compared with the traditional manual procedure obtaining good results. My main concern is that it uses
NAIS data, an instrument not very spread in the comC1 munity. This could limit the application of this new
methodology. Anyway, this new method to classify NPF could be very useful in the near future. The results are
discussed in an appropriate and balance way and the paper is well-structured. It is a significant work, concise
and clearly written. | recommend publication in ACP and include some comments.

We thank Referee #1 for their helpful suggestions. We replied to the comments below. The bold text refers to
the referee’s comments, and the text in italics are additions to the manuscript. The line numbers mentioned in
the text below refer to the ACPD version of the manuscript.

Specific comments:

1. Abstract: please, include the instrument used to obtain the data
Instrument is added to Abstract as per suggestion from the reviewer.

2. Line 69: “The station has accumulated 22 years. . .” Although the station is 22 years old, the dataset
used in this paper is shorter, 11 years, please, indicate this here.

We added the following to line 71:
This study analyzes 10 years of data collected between 2006 and 2016.

3. Lines 116-117: “To decide whether the particle growth is observed, particle concentrations in the size
range of 7 — 25 nm are examined. These particles represent the growth phase of freshly-formed
clusters.” Is not there any other possibility? For example, could they come from bigger particles that
have suffered shrinkage? It has been observed in some sites particles below 20 nm after shrinkage.

We thank the reviewer for interesting discussion and potential improvements of our paper. In fact, analyzing 20
years of data from Hyytidla (Nieminen et al., 2014; Dada et al., 2017) we have not observed shrinkage of NPF in
Hyytidla. It is however a characteristic of certain events which are observed in rather urban environments (Yao
et al., 2010; Alonso-Blanco et al., 2015; Salma et al., 2016).

Considering other locations for which this automated method would be applied, and for which shrinkage is
observed, we can consider that the method looks for a growing mode (appearance of a peak in 7 — 25 nm) that
occurs within 8 hours from the start time of the nucleating mode (lons 2 — 4 nm). According to previous studies



reporting particle shrinkage, it takes longer than 8 hours for the particles to first grow and then shrink back to
the 7-25 nm size range, so the automated method would exclude most of these cases. Also, in general, shrunk
particles should not be a problem in our case as those only originate due to NPF, so we can consider then part of
the growth process and still consider the whole event as NPF. Thus it should not affect our criterion.

In another situation, if there are particles unrelated to NPF (with or without shrinkage), they are too small to
have originated far away, so that the main source could be related to traffic (Ronkké et al., 2017). In the case of
Hyytidld, this source is eliminated due to very small contribution from traffic due to the semi-remote location of
our measurement site. In other locations, the influence of traffic is minimized as well, since usually the rush hour
occurs before the peak of NPF in the small sizes, so traffic-related are not included in the detection criteria.
However, in the case an unidentified plume of pollutants (in the size range of 7 — 25 nm) occurs simultaneously
or directly after the NPF peak, the automated method malfunctions. The latter type of misclassification is the
major in the discrepancy between manual classification and our automated method. Accordingly, we added a
clarification to the reader in the main text describing the reason behind failed statistics to section 3.5:

Our automated method fails sometimes as the result of the simultaneous appearance of an ion burst and a
pollution plume. While the misjudgment of these days as regional events is largely minimized by correcting for
the background concentrations of 7-25 nm particles, erroneous classification is still possible in some cases.

4. Point 2.4: In order to evaluate the improvement reached with this automated method, how long time
do you need to classify a year using your method? And using the manual one?

We thank the reviewer for his suggestion to stress the importance of the automated method. Accordingly we
added the following sentence to Point 2.4, Line 136.

Once the ion and particle data have been smoothed and precipitation time stamps eliminated, classification of
event takes place within a couple of minutes with a click of a button using the new automated method. This can
be compared to the manual method which, for classifying one year of measurement data, would require several
hours of work ant at least two people to work with it.

5. Lines 219-222: “The peak times of the events had the most frequent occurrence at 5 to 6 hours after
sunrise, which is between 10:30 and 11:30 local time, complementing our previous assumption that
NPF peaks before noon. Finally, the ending times of the events had the most frequent occurrence at
10 hours after sunrise.” Do these times depend on the season? Is this possible dependency seen in the
data spread shown in the figure 6?

We thank the reviewer for his suggestion. Indeed there is a large seasonal variability affecting the start, peak and
end times of regional events. Below we present the figures separated by season. Since the major fraction of the
regional events occurs during spring, the combined figure presented previously in the main text reflects mostly
the spring start, peak and end times. Accordingly, we replace Figure 6 in the text with the one of the spring only
as it follows nicely from Figure 5. The text of section 3.4 is modified as follows.



During spring, when most of the NPF events occur, our results (Figure 6) show that indeed RE occur after sunrise
and prior to noon, with the maximum number of days occurring between the sunrise and 5 hours past sunrise.
The peak times of the events had the most frequent occurrence at 5 to 6 hours after the sunrise, which is between
10:30 and 11:30 local time, complementing our previous assumption that NPF peaks before noon. Finally, the
ending times of the events had the most frequent occurrence at 9 to 11 hours after sunrise. During summer the
events tend to start, peak and end later than in spring, and they show lower variability in comparison to spring.
This observation could be attributed to longer daylight hours and less clouds. Whereas in autumn, the events,
start, peak and end earlier than in spring. Exceptionally, during winter, ion concentrations might be affected by
the accumulation of snow on or around the inlets. Overall, the variability of the event start, peak and end times
can be affected by the solar cycle, degree of cloudiness and seasonality.
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Figure S1. Frequency of days at which regional events start, peak and end past sunrise. For example, most
events in Spring start within 5 hours from sunrise.

6. Lines 230-231: “For example, 65% of the originally-classified event days . . . were found to be RE, 10%
were TE and 14% were IB”. | don’t understand how an event day obtained by the traditional method
(Dal Maso et al. 2005) can be an ion burst event with C2 the new methodology. These IB events are
characterized by not particle above 7 nm, so they should be considered non-event day by Dal Maso. Is
there any reason for this?

The reviewer is right, during an event day there must be a presence of nucleation mode (< 25 nm) particles for
several hours. This mode is identified by an appearance of a peak after subtracting a morning background. In
certain cases, when there is a high background during the morning hours, our method does not distinguish a
growing mode in the size range 7-25 nm. Therefore, using our automated method, instead of identifying a day
as RE, it ends up being classified as IB.

Minor comments:

Check how the references are introduced in the text, sometimes not clear enough. Examples can be found in
lines 35 and 48.

Thanks to the reviewer, we modified the references in the text to a clearer format.
Line 40: Merikanto et al., 2009 is not included in the reference list

Line 41: Idem for Salma et al., 2016

Line 111: Idem for Rose et a., 2018

Line 118: Idem for Yli-Juuti et al., 2011



We revised all references used in the manuscript upon request from the reviewer.

Lines 81-82: It is “the mobility distributions of charged and neutral aerosol particles and clusters in the size
range of 0.8-47 nm and 2-42 nm, respectively, were measured with a Neutral cluster and Air lon
Spectrometer”. | think it should be “the mobility distributions of neutral and charged aerosol particles and
clusters. . .” to correlate with instrument list.

We modified lines 81-82 based on the reviewer’s suggestion to:

For our proposed automated classification method, the mobility distributions of neutral and charged aerosol
particles and clusters in the size ranges of 2—42 nm and 0.8—-47 nm, respectively, were measured with a Neutral
cluster and Air lon Spectrometer (NAIS, Airel Ltd., Estonia, (Manninen et al., 2016, Manninen et al., 2009; Mirme
and Mirme, 2013) between 2006 and 2016.

Line 165: “For 10 years of data (2006 — 2016). . .” Previously it has been said from 2006-2015, | think the right
period is until 2016, please, unify the dates.

Agreed, we are sorry for the typo.

Lines 243-244: “Also, the growth can be interrupted by a sudden appearance of a cloud (Baranizadeh et al.,
2014;Dada et al., 2017).” This idea already appears two lines before. Remove one of the sentences

We thank the reviewer, and removed the sentence on Lines 243 — 244 and added the citation of Baranizadeh et
al., 2014 to the previous sentence. Paragraph becomes as follows:

The interruption mechanisms may include appearance of clouds (Baranizadeh et al., 2014; Dada et al., 2017),
resulting in decreased radiation essential for particle formation and growth (Jokinen et al., 2017), or a change in
the origin of arriving air masses from a clean to a rather polluted sector (Sogacheva et al., 2005).

Line 302: the DeSerio (2008) reference is incomplete

Since the DeSerio(2008) refers to a report published online, we replaced the reference with a reference to a book
which introduces the definition of Savitzky-Golay smoothing filters (Orfanidis, 1995).

Orfanidis, Sophocles J. Introduction to signal processing. Prentice-Hall, Inc., 1995.
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