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Response to M. Kulmala (Referee #1)

1) Page 15152, line 11 ... few nanometer . . .This is not correct. Size of atmospheric
particles starts from ca 1.5 nm (see Kulmala et al. Science, 2013)

Response: As suggested, we have now changed the size range from few nanometer
to 1.5 nm and the amended text reads as: “Size of atmospheric particles, ranging from
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1.5 nm to hundreds of micrometers, is a key factor for evaluating environmental effects
of particles (Kulmala et al., 2013; Buseck and Adachi, 2008; Kumar et al., 2014)”.

2) Page 15153. It is important to add references to recent nucleation studies made by
Hermann et al. (2014, ACP) as well as other studies performed at SORPES station in
Nanjing.

Response: We thank the referee for pointing out this station and the reference to us.
We have now discussed this reference and the amended text reads as: “Though the
first study on NPF events during polluted episodes was conducted in the megacity of
Beijing (Wehner et al., 2004; Wu et al., 2007), the occurrence of NPF events is only
reported at a few sites in China up to now (Du et al., 2012; Liu et al., 2008; Wang et
al., 2013c; Wehner et al., 2004; Wiedensohler et al., 2009; Herrmann et al., 2014).”.

3) Page 15159. Authors should give references for equations 3 and 4. E.g Kulmala et
al. 2012 (Nature Protocols)

Response: As suggested, we have now cited the above-mentioned reference as an
original source of these equations. The text now reads as: “The growth rate (GR) of
newly formed particles and condensational sink (CS) are calculated for NPF events.
The CS determines the how quickly of the gaseous molecules can condense onto the
pre-existing aerosols and can be calculated by using Equation (3) (Kulmala et al., 2001,
2012)” and “GR is calculated using the Equation (4) (Kulmala et al., 2012)”.

4) The instruments start to measure at 15 nm. Since it takes up to several hours to
reach that size from nucleation (ca 1.5-2 nm), it would be good to discuss where and
when nucleation have been occurred.

Response: We thank the referee for his clarification on the nucleation process. As
suggested, we have added the following text to address this point: “As the lower cut-
off diameter of our measurements was 15 nm, which is much larger than the size of
nucleation clusters (1.5-2 nm) (Kulmala et al., 2013), the NPF events might occur 1 to
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2 hours before we observed them”.

5) Page 15165: why there is not NPF if air mass is coming from ocean?

Response: At coastal sites, no NPF events were observed to take place when the
air mass was coming from the ocean side with clean air to the measurement station
(e.g., WLc, BGc,). This is because the cleaner air mass was not carrying enough NPF
precursors such as H2SO4 or low-volatile VOCs to favor the nucleation events. We
have now modified the text in lines 404-411 to make the above point clearer and the
amended text reads as: “At coastal sites, however, no NPF events were noted when the
air mass was coming from the ocean side with clean air, as this cleaner air mass was
not carrying enough NPF precursors such as H2SO4 or low-volatile VOCs to favor the
nucleation events. This is substantiated by the fact that SO2 concentrations in the air
coming from ocean side were much lower than those coming from the continent (e.g.,
at BGc site, average SO2 concentration in the air mass from ocean and continent were
1.4 ppbv and 2.8 ppbv, respectively) and supported by other studies at coastal site (Yu
et al., 2014)”.

6) Page 15166 line 9. GR one time higher? I do not understand this.

Response: We have now made this statement clearer which now reads as: “Average
GRs at urban and regional sites were about twice those at coastal sites and cruise
measurement, indicating that the higher concentrations of gaseous precursors in the
polluted areas not only favor the formation of particles, but also accelerate the growth
rate as long as the nucleation particles are formed”.

7) Page 15168: How many days or hours it takes from NPF to CCN? It is crucial to look
whether CCN concentrations are increasing in the second or even in the third day.

Response:

The time it takes from NPF to CCN depends on the growth rate (GR) of nucleation par-
ticles. In this study, we find that the GRs of nucleation particles at urban and regional
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sites were 3.2 nm/h to 21 nm/h, which means that it takes roughly about 2.5 to 16
hours for the nucleation particles to perform as CCN (assuming the critical diameter is
50 nm). One the other hand, the GRs of nucleation particles at coastal sites and cruise
measurement were 1.6 nm/h to 7.5 nm/h, suggesting that it will take much longer time
(roughly one day) for the nucleation particles to reach CCN size range (at least 50 nm).
The referee have rightly pointed out that it is crucial to evaluate the contribution of NPF
events to CCN production in the second or the third day. In our study, we use the mode
fit method to estimate the contribution of NPF to CCN. This approach requires very
clear NPF peaks in the size distributions in order to achieve accurate fitness results.
As a result, we cannot calculate the contribution of NPF events to CCN production in
the second or the third day. Nevertheless, to make this much clearer, we have modified
the corresponding discussion. The text now reads as “Third, as discussed above, the
approach requires very clear NPF peaks in the size distributions in order to achieve
accurate fitness results. So the focusing time period is constrained between 14:00
and 17:00 h, when the NPF mode is clear and evening rush hour has not come. The
contribution in the following hours or the following days cannot be precisely calculated
though this approach. As it is crucial to evaluate the contribution of NPF events to CCN
production in the following days, more studies on this field are needed in the future.”

8) It would be good to speculate what are formation rates at 3 nm. It is possible to
calculate formation rates at 15 nm, although they probable have nothing to do with
atmospheric nucleation.

Response: The referee have rightly pointed out that the formation rate is an impor-
tant parameter to describe the characteristic of nucleation events, which is even more
important to study the mechanism of new particle formation (Kulmala et al., 2013).
However, as our measurement of particles starts from 15 nm, the calculated formation
rates cannot precisely represent the real nucleation rate at 3 nm or 1.5 nm. This is the
reason why we have not discussed them in our study.

References: Buseck, P. R., and Adachi, K.: Nanoparticles in the Atmosphere, Ele-
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ments, 4, 389-394, doi:10.2113/gselements.4.6.389, 2008. Kulmala, M., Dal Maso, M.,
Makela, J. M., Pirjola, L., Vakeva, M., Aalto, P., Miikkulainen, P., Hameri, K., O’Dowd,
C. D.: On the formation, growth and composition of nucleation mode particles. Tel-
lus B, 53, 479-490, 2001. Kulmala, M., Kontkanen, J., Junninen, H., Lehtipalo, K.,
Manninen, H. E., Nieminen, T., Petaja, T., Sipila, M., Schobesberger, S., Rantala, P.,
Franchin, A., Jokinen, T., Jarvinen, E., Aijala, M., Kangasluoma, J., Hakala, J., Aalto,
P. P., Paasonen, P., Mikkila, J., Vanhanen, J., Aalto, J., Hakola, H., Makkonen, U.,
Ruuskanen, T., Mauldin, R. L., Duplissy, J., Vehkamaki, H., Back, J., Kortelainen, A.,
Riipinen, I., Kurten, T., Johnston, M. V., Smith, J. N., Ehn, M., Mentel, T. F., Lehtinen,
K. E. J., Laaksonen, A., Kerminen, V. M., Worsnop, D. R..: Direct observations of at-
mospheric aerosol nucleation, Science, 339, 943-946, doi:10.1126/science.1227385,
2013. Kulmala, M., Petaja, T., Nieminen, T., Sipila, M., Manninen, H. E., Lehtipalo,
K., Dal Maso, M., Aalto, P. P., Junninen, H., Paasonen, P., Riipinen, I., Lehtinen, K.
E. J., Laaksonen, A., Kerminen, V. M.: Measurement of the nucleation of atmospheric
aerosol particles, Nature Protocols 7,1651-1667, 2012. Herrmann, E., Ding, A. J., Ker-
minen, V. M., Petaja, T., Yang, X. Q., Sun, J. N., Qi, X. M., Manninen, H., Hakala,
J., Nieminen, T., Aalto, P. P., Kulmala, M., Fu, C. B.: Aerosols and nucleation in east-
ern China: first insights from the new SORPES-NJU station, Atmospheric Chemistry
and Physics, 4, 2169-2183, 2014. Kumar, P., Morawska, L., Birmili, W., Paasonen,
P., Hu, M., Kulmala, M., Harrison, R. M., Norford, L., and Britter, R.: Ultrafine parti-
cles in cities, Environment International, 66, 1-10, 2014. Wehner, B., Wiedensohler,
A., Tuch, T. M., Wu, Z. J., Hu, M., Slanina, J., and Kiang, C. S.: Variability of the
aerosol number size distribution in Beijing, China: New particle formation, dust storms,
and high continental background, Geophysical Research Letters, 31, L22108, DOI:
10.1029/2004GL021596, 2004. Wiedensohler, A., Cheng, Y. F., Nowak, A., Wehner,
B., Achtert, P., Berghof, M., Birmili, W., Wu, Z. J., Hu, M., Zhu, T., Takegawa, N.,
Kita, K., Kondo, Y., Lou, S. R., Hofzumahaus, A., Holland, F., Wahner, A., Gunthe,
S. S., Rose, D., Su, H., and Poschl, U.: Rapid aerosol particle growth and increase of
cloud condensation nucleus activity by secondary aerosol formation and condensation:
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A case study for regional air pollution in northeastern China, Journal of Geophysical
Research-Atmospheres, 114, D00G08, DOI: 10.1029/2008JD010884, 2009. Wu, Z.
J., Hu, M., Liu, S., Wehner, B., Bauer, S., Ssling, A. M., Wiedensohler, A., Petaja,
T., Dal Maso, M., and Kulmala, M.: New particle formation in Beijing, China: Sta-
tistical analysis of a 1-year data set, Journal of Geophysical Research-Atmospheres,
112, D09209, DOI: 10.1029/2006JD007406, 2007. Yu, H., Hallar, A.G., You, Y., Sed-
lacek, A., Springston, S., Kanawade, V.P., Lee, Y.N., Wang, J., Kuang, C.G., McGraw,
R.L., McCubbin, I., Mikkila, J., Lee, S.H., 2014. Sub-3nm particles observed at the
coastal and continental sites in the United States. Journal of Geophysical Research-
Atmospheres 119, 860-879.
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