We are very grateful to the evaluations from the reviewers, which have allowed us to clarify and
improve the manuscript. Below we addressed the reviewer comments, with the reviewer comments in
black and our response in blue. The changes in the revised manuscript are indicated in italics and line

number that we refer to is the tracked version (All Markup) of the revised manuscript.

Reply for the referee #2 - Mao et al.

General comments: Particle number concentrations, as computed by the available parametrization
scheme for nucleation within the CMAQ model, did not agree well with observations (in China), and
the authors have incorporated few other schemes and conducted simulations. Along with few individual
schemes, numerical experiments combining few schemes together, have also been carried out. The

Paper suggests enhanced capability of the model with the implemented schemes.

Overall manuscript is a significant advancement and the discussions are clear. The manuscript is
recommended for publication in GMD. The following comments are provided for authors to consider

during the revision process.

General Response: We greatly appreciate the referee for their time and efforts devoted to the review of
our submission. We realize that most of the comments arise from the unclear in the content description.

We will present these details in the following responses.

Specific comments and responses:

1.81: “WRF-Chem proves that HIO3 nucleation is the main way in future”. This is not very clear.

Review and reframe this discussion.

Response: We apologize for any inaccuracies in the expressions. We have revised the sentence in Line
81 to “By coupling all the different forms of nucleation parameterization schemes discussed above, the
E3SM model indicates that H:2SO4-dimethylamine nucleation dominates number concentration in 1 km
height (Zhao et al., 2024). Based on this result, the Weather Research and Forecasting model coupled

with chemistry (WRF-chem), established the same nucleation parameterization schemes, proves that

HIOs nucleation is the main nucleated way in the future (Ning et al., 2024).”.

1.97-98: The approach SumBTD and SumlID are not clear to me. I did not find much description of
these approaches. How do you combine several options of nucleation together? How do you decide
which of the options should be combined like in case of BTD or in case of ID, instead of other possible

combinations?

Response: Thanks for your comment. To clarify this, we have revised the sentence in Line 205 to “The
rationale behind these combinations lies in the different nucleation theories. Since BHN represents the
interaction between H:SO+ and H:O, it is a fundamental theory in nucleation mechanisms that exists in
most environments (Sipild et al., 2010). THN represents the involvement of H2SO4, H20, and NH; in

nucleation, used to explain the higher nucleation rates in the atmosphere (Merikanto et al., 2007).



Therefore, the binary and ternary nucleation scenarios are interconnected. But IMN nucleation
accounts for the synergistic interactions among BHN, THN, and ions (Yu et al., 2018, Yu et al., 2020).
Consequently, this nucleation mechanism cannot be integrated with BHN and THN scenarios. Given
that DMA nucleation, containing H2SO+ and dimethylamine, has been identified as the predominant
nucleation mechanism in urban environments (Yao et al., 2018; Liu et al., 2021; Wang et al., 2021),
this study specifically addresses urban nucleation mechanism. Therefore, the DMA nucleation scheme
must be incorporated into the combined scenarios. Based on the discussed above, we have retained

only two combined scenarios for further analysis.”.
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