Anonymous Referee #2

We thank this reviewer for helpful comments and suggestions. Below we
provide a point-by-point response to this referee’s comment. The page
numbers refer to the original version published in ACPD.

1. Comment:

It has to be stated that the entire atmospheric data set of the 17 nucleation events has
already been published and analyzed for H.SO4 nucleation by Wang et al., ACP, 2011.
The method to test the data for the contribution of low volatility oxidized organics to
the nucleation rate has been described in detail and tested by Paasonen et al., ACP,
2010, where results of 36 nucleation events at four different sites in Europe were
analyzed. Therefore, both the data sets as well as the method used for the additional
analysis have been published before. Furthermore, it is a significant shortcoming that
neither the precursor organics, nor the oxidizing agents, nor the low volatility organic
oxidation products were directly measured. Instead, a daily average for the sum of the
condensing organic species is derived in a very indirect way including many
assumptions (role of O3 and other oxidants neglected; OH is inferred from global
radiation measurement; participation of inorganics such as ammonia for nucleation
and growth is neglected, etc.). Altogether, the results, namely a range of correlation
coefficients for the various nucleation mechanisms including organics, are a) all in a
very similar range (0.67 — 0.73) and therefore no firm conclusion on the occurrence of
any of the suggested nucleation mechanisms can be drawn; the results are all highly
uncertain as admitted by the authors in Section 3.3 because of the many assumptions
necessary to derive concentrations of organics (and differences between of nucleation
mechanisms between R=0.66 and R=0.67 as mentioned in the conclusions (lines
10-12) are therefore meaningless); The studied data set is only a minor extension to
the existing data set from Paasonen et al., 2010.

Response:

In our earlier study (Wang et al., 2011), we investigated new particle formation in
Beijing and analyzed the connection between sulfuric acid concentration and new
particle formation rate. In that work, two kinds of NPF events were identified in
Beijing: Case I, the exponent is between 1 and 2 in the correlation of the particle
formation rates and sulfuric acid concentrations, which is similar with other
observations in clean environments, implying that activation or kinetic nucleation
represents the possible nucleation mechanism (Sihto et al., 2006; Riipinen et al., 2007;



Kuang et al., 2008; Paasonen et al., 2009); For Case I, the exponent is larger than 2.5,
which has been rarely observed previously in less polluted environments. However,
more than half of the NPF events (58% in 17 investigated days) in Beijing belong to
the second type, which is one of the reasons why the Beijing data needed to be studied
further.

In the present work, we aim at elucidating the contributions of organics to new
particle formation in Beijing. We have shown that, while Case | NPF in Beijing is
similar to those commonly observed in clean environment (Sihto et al., 2006; Riipinen
et al., 2007; Paasonen et al., 2009) and can be accounted for reasonably with the
activation or kinetic nucleation. Case Il NPF in Beijing is considerably different from
any previous studies, including that reported by Paasonen et al. (2010). We have
explained that the later case has been attributed to the unique extreme pollution
conditions in Beijing. Followed the methods described by Paasonen et al. (2010), we
have considered organic molecules (oxidation products of monoterpenes, MTOP) as
one of the new particle formation precursors and evaluated several representations for
the nucleation theories (Egs. 7-14 in the MS) involving the organics. We have added
one new figure to display the improvement in the present work. Figure 5 shows the
comparisons between modelled and observed particle formation rates in our previous
kinetic nucleation (J=K[H2S04]?) and the homogenous homomolecular nucleation
with separate nucleation coefficients in this study
(J=Ksa1[H2S04)?+Ksaz[H2S04][Org]). The results show that a higher correlation
coefficient (R= 0.73) compared with the traditional kinetic nucleation (R= 0.69).
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Fig.5 Comparison between observed particle formation rate and formation rate modelled with two different
parametrizations. Red: kinetic sulphuric acid nucleation; Blue: kinetic nucleation of sulphuric acid alone and with

organic vapours. The dash line presents the 1:1 line.

We have further demonstrated that the nucleation rate in the polluted case (lI) is two
times higher than that in the clean case (I) and concluded that the contribution by
organics to NPF can be even larger than that in the clean case. To compare with our
2011 publication, Figure 6 has been modified to include the kinetic nucleation (i.e.,
J=K[H2S04]?). Our results suggest that the mean correlation coefficients in the kinetic
nucleation expression are identical in the two types of NPF events, suggesting a
similar role of sulfuric acid in all NPF events. However, the mean correlation
coefficients in Case Il are higher than those in Case I in all nucleation expressions
considering the organic vapors. This phenomenon implies that the important role of
organic vapors in the new particle formation process on polluted days.
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Fig. 6. Comparisons of correlation coefficients in different nucleation mechanisms between two kinds
of NPF events days. Red ones indicate days with the exponent smaller than 2.5, blue ones indicate the
days with the exponent larger than 2.5.

For the concentrations of organic vapors, we have now clearly pointed that currently
the identity of organic compounds contributing to new particle formation remains
highly uncertainty (Zhang et al., 2012). Furthermore, we have pointed out that current
analytical instruments to detect low volatile organic compounds are very limited.
Hence, we believe that it is reasonable to follow the previous studies (Laaksonen et al.,
2008; Paasonen et al., 2010; Lauros et al., 2011) and assumed that the organic vapours
are the products of monoterpenes via OH radicals oxidation products (MTOP).
Meanwhile , all the assumptions made in this article are related to the



time-dependency of [org], but not to the daily level of [org], which is derived from
GR. We have clarify it in the revised manuscript.

It is true that the studied dataset in our present work were previosuly analyzed in our
publication in 2011 (Wang et al.) and the applied methods are similar to those
described by Paasonen et al., (2010). However, our present work is the first to explore
the roles of organics on atmospheric new particle formation in polluted urban
environment like Beijing, indicating a larger role of organics in new particle
formation than that in clean environments. We now recognize that in our initial
submission the novelties of this present work were not clearly highlighted compared
to the work of Wang et al. (2011). In revision, we have modified the manuscript to
clearly reflect those above aspects in the abstract, main text, and conclusions.

2. Comment:

Minor comment: There are many instances where the text needs improvement in the
use of English language and where inappropriate words or phrases have to be
replaced.

Response:

We appreciate the reviewer’s comment and have checked the entire manuscript and
corrected all identified errors.
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