Responses to Comments of Reviewer 1
General comment

(1) The manuscript simulated the spatiotemporal variation of ultrafine particles (UFPs)
and their chemical composition over Europe. A Eulerian regional three-dimensional
chemical transport model (PMCAMs) was applied to simulate the seasonal variation
and the spatial distribution of UFPs. The simulated mass and volume concentrations of
ultrafine particles (i.e., PMo.1 and PVo.1) and their chemical species including sulfate,
ammonium, elemental carbon (EC), primary organic aerosol (POA) and secondary
organic aerosol (SOA) were then compared to the field measurement data at ten
European cities. Although the content of this study is scientific sounding and has
retrieved several interesting findings, there are still some typo errors and scientific flaws
which need to be corrected throughout the entire manuscript (MS). I thus recommend
the manuscript to be published in ACP after major revision. Several specific comments
are addressed and listed below,

We appreciate the positive assessment of our manuscript. Below, we address the
reviewer’s key comments. Our responses (in black) follow each of the reviewer’s
comments (in blue).

Specific comments

(2) Abstract (Line 26): The definition of PM; 5 should be changed to “.... lower than
and equivalent to 2.5 ym ....”.

We have followed the advice of the reviewer even if the inclusion of equal does not
make any difference in the case of a continuous distribution (there are no particles with

a diameter of exactly 2.5 um).

(3) To my knowledge, most air quality models simulate the mass concentrations, but
not volumetric concentration of particulate matter since the measurements of particulate
matter are expressed in the units of pg m=. The authors should explain why they used
volumetric concentration instead of mass concentration of UFPs in this particular study.
In particular, the averaged PMy.1 density (purp) in equation (2) was applied to determine
the PVo.1 in equation (1). However, the density of each component i (p;) was unknown
and varies with different diameters. How can you determine PVq.?

Since the absolute mass concentration of PMy.1 is often very small and more difficult
to measure compared to larger particles, we evaluated our model using an alternative
approach based on available measurements. A common method involves using the
particle number distribution and integrating it up to the desired diameter (0.1 pm) to
calculate the particle volume distribution and assess the predictions of the chemical
transport model.

In PMCAMXx-UF, both aerosol number and chemical composition are simulated across
size sections, which allows for the determination of a size-resolved density by
combining the predicted component masses in each bin. The error introduced by
estimating and applying the density of UFPs is negligible given the low concentrations
of these particles.

(4) Line 191: “...., and the total PMy.i the total mass concentration” should be corrected
to “...., and PMy is the total mass concentration”.



We have corrected this sentence in the revised manuscript following the reviewer’s
comment.

(5) Lines 238-269: These five paragraphs are recommended to revise them in a more
logical way.
We revised the paragraphs following the reviewer’s recommendation.

(6) The words used to describe the model simulations, for instance prediction,
simulation, focusing on, reproducing, and estimation, are much diverse.

We have revised the text to use consistent terminology when describing the model
simulations.

(7) Figures 9 and S2: There are only six cities be plotted, other four cities were missed
somehow.

Figures 9 and S2 show data for six representative cities. The other four cities were not
included in the plots, as we chose to focus on a subset of urban sites to highlight key
patterns and simplify comparison.

(8) Figures 4 and S1: The authors should explain more clearly why the simulated
chemical profiles of UFPs at ten cities varied much differently.

The predicted chemical profile of UFPs is expected to differ between sites, as it needs
to account for the varying characteristics of each area (urban, rural), differences in
weather conditions and altitude, as well as the emission sources present at each site.

(9) Conclusions: There are too many paragraphs in the Section of Conclusions. It is
recommended to merge or simplify the content in a more concise way.

We have followed the reviewer’s recommendation and revised the corresponding
section.

(10) The resolution of some figures is poor and should be replotted to match the criteria
of publication.
We have improved the quality of the figures to ensure they meet publication standards.



