We would like to thank the reviewer for the valuable and constructive comments, which help us to
improve the manuscript. Listed below are our point-by-point responses to the comments, including
the corresponding changes made to the revised manuscript. The reviewers’ comments are marked in
black and our answers are marked in blue, and the revision in the manuscript is further formatted as

'[talics'.

Referee #1:

This paper shows a new and innovative method of trying to represent observed changes in
the ’coating’ of black carbon, as detected as changes in the Dp/Dc metric produced by the DMT
SP2. This works by combining an emission field with a Langrangian transport model and an
empirical parameterisation for the evolution of black carbon in the atmosphere. While this ’k’
parameter is tuned to the measurements, the model shows an impressive correlation with the
observations, giving confidence that there is value in the technique. The authors then go on to make
estimates of the contributions from inside and outside the city to the measured concentrations and

properties.

While not an all-encompassing process model, this does present an intriguing new way of
looking at the data that could conceivably bridge the gap between a highly detailed process model
such as PARTMC-MOSAIC and Eularian chemical transport models like WRF-CHEM. It is also
good that it provides another new perspective on the phenomenon of pollution ’building up’ in
Beijing, offering further evidence that this is driven by regional transport and transformation rather
than local sources and processes. While the main innovation with this paper is technical, the authors
do use it to interpret air quality sources and phenomena, so I would say this is in-scope for ACP (as
opposed to AMT or GMD). While I am not completely convinced of the results (see below), I think
that the novelty of the technique alone means that it deserves to be discussed within the scientific
literature. Overall, the quality of English is good, but I do have certain issues regarding how the

results are interpreted and presented. As such, I recommend publication after revisions.
1. General comments:

While the earlier sections of the paper were well written, I was not impressed with how the paper

interpreted the implications of the results. Sections 4 and 5 in particular seem to just largely restate



what was already said in section 3 in different ways, so this entire portion of the paper could do
with rewriting and sharpening up. But more generally, I would question what the key implications
of this paper are; the conclusions seem to work off the reduction of Babs being a regulatory
motivation, however most evidence supports BC being a more important metric for human health,
which while related, is more directly related to emissions rather than processing. While the
evolution of the mixing state of BC is important to consider for wet removal and radiative transfer, |
would say it is debatable as to whether reducing the coatings (as opposed to overall BC) should be
considered an objective for policymaking (while BC is recognized as a global climate forcing agent,
the majority of this is likely from biomass burning). It is my opinion that the conclusions of this
paper are more applicable to process-level atmospheric science, except for the part where the
contributions to bulk BC are discussed. I would recommend the discussion and conclusions be

reframed accordingly.

Response: Thanks for the suggestions. Following the reviewer’s suggestion, we have rewritten and
sharpened the Sections 4 (Discussion) and 5 (Conclusion). In terms of the Discussion section in the

revised manuscript, we specifically focused on:

® presenting the simplified scheme of our model and its dependence on the model parameters,

® discussing the robustness of our model and how to extend our model calculation on BC mixing
state at other seasons (e.g. summer) except for autumn/winter,

® cxploring the possible mechanisms for BC aging during atmospheric transport in north china
plain based on the retrieved aging rate coefficient, which is comparing with observations and
those used in other models,

® implication in process-level atmospheric science.

To sharpen the conclusion of this work, we reorganized the Concluding Remarks section, as
“The effect of BC-containing particles on air quality and climate is not only dominated by BC
mass concentration but also controlled by their mixing state. To better understand the mixing
state of atmospheric BC in China, we developed a new approach to simulate the BC aging
process during atmospheric transport based on the BC emission inventory and back-trajectory
analysis. Our models track the BC mixing state (i.e., Dp/D. ratio) from an emitted source origin
(e.g., a 0.25°x0.25° grid) to a receptor (i.e., Tsinghua site). The model calculation can quantify

the mass-averaged Dy/D. ratio of overall BC particles over the receptor site from various
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origins, which agreed well with observed ones. The simulations can provide information on the
BC mixing state with fine temporal and spatial resolutions.

Based on the simulations of BC mixing state during atmospheric transport, we find a strong
dependence of BC mixing state on emissions during atmospheric transport. BC particles with
higher aging degrees at our site were mainly from more intensive emission origins (e.g.,
southern Hebei) due to higher aging rates. On the other hand, when BC particles emitted from
clean origins passed through polluted regions, they were also characterized by a greater D,/D.
ratio by speeding up the aging process in polluted air. Our simulations demonstrated the
importance of regional transport in BC light absorption in Beijing under polluted conditions.
This provides a new perspective on the phenomenon of pollution building up in Beijing, further
demonstrating that this is driven by regional transport and transformation rather than local

sources and processes..”

2. Specific comments:

(1) I found this paper extremely abstract and hard to read in places regarding certain quantities and
it took me multiple reads before I think I began to understand what was going on. It particular, I
would have appreciated a more intuitive explanation of what things like "k’ and *EEI” physically

represent (along with many others).

Response: Thanks for the comment. Following the reviewer’s suggestion, we have made an

explanation on a more intuitive explanation of what things like ’k’ and ’EEI’ physically

represent. We have added the descriptions regarding the terms (’k’, ’EEI’, “TE” and %)im-”) in
the revised manuscript, as shown below:

“The parameter k characterizes the rate coefficient of coating materials produced on the
surface of BC by atmospheric aging such as condensation, coagulation and cloud process,
which is influenced by meteorological factors, chemistry, aerosol phase state as well as other

parameters (e.g., particle size).”

“The EEI represents the effective BC amount transported to the receptor site from the
emission origins, taking into account the magnitude of BC emission from origin regions, the
transport, hydrophobic-to-hydrophilic transformation, as well as dry and wet depositions during

atmospheric transport.”



"The TE is defined to quantify the transport ability of BC from origin regions to the receptor
site based on transformation (i.e., hydrophobic-to-hydrophilic BC) and removal processes of BC

(i.e., dry and wet depositions) in the atmospheric.”

“The (Z—’C’)ini represents the initial the initial value of the D,/D. ratio of BC particles before
atmospheric transport, which characterizes the BC aging degree near emissions.”

(2) More discussion should be given to the possible mechanisms for the increase in Dp/Dc, i.e.
coagulation and secondary aerosol formation. Given that there are already other models out
there that consider these processes, is it possible to compare the value of the 'k’ parameter to

equivalent timescales in other models?

Response: Thanks. Following the reviewer’s suggestion, we have added the statement on the
possible mechanisms for the increase in Dp/De. In our work, the aging rate coefficient (i.e., kaging)
is determined to be ~22% h’!, corresponding to the timescale of BC aging process about ~5 h'.
Riemer et al. (2004) revealed that the time scale of BC aging process by condensation (2-8 h)
was significantly shorter than that by coagulation (10-40 h). Higher aging rate coefficient
obtained in our work indicates the BC aging in north china plain is most likely dominated by

condensation process.

To the second question, the kaging used in our models (~22% h™) is comparable with the
observed values in north china plain (i.e., ~20% h'! at Yufa site (Cheng et al., 2012) and ~21%
h! at Xianghe site (Zhang et al., 2018)), but significantly higher than those (1-5% h™') derived in
developed countries and then used in models (Moteki et al., 2007; Shiraiwa et al., 2007; Cooke
and Wilson, 1996, Lohmann et al., 2000; Jacobson, 2001; Koch, 2001). The difference between
kaging used in our model and other models is consistence with the distinction between the
timescale of BC aging measured in Beijing (~4.6 h corresponding to kaging of ~22 % h'') and

Houston (~20 h corresponding to kaging 0f ~5 % h'') using an environment chamber.

Correspondingly, the related discussion has been added in the revised manuscript, as “The
retrieved aging rate coefficient kaging (~17% h™', corresponding to the timescale of BC aging
process about ~6 h) indicated BC particles under polluted environment at autumn/winter in
NCP underwent fast aging during atmospheric transport. The retrieved kauging With a value of
~17% h' used in our models is comparable with the observed values at other suburban sites in

NCP, namely up to ~20% h™' and ~21% h™ at Yufa site and Xianghe site, respectively (Cheng et
4



al., 2012; Zhang et al., 2018). However, the aging rate coefficient commonly used in other
models (1-5% h') was significantly smaller than that used in our model (Cooke and Wilson,
1996, Jacobson, 2001; Koch, 2001; Lohmann et al., 2000;), indicating that the values used in
previous models derived in developed countries (Moteki et al., 2007; Shiraiwa et al., 2007)
could not represent the characteristic of BC aging process in China. A similar conclusion also
found by Peng et al., (2007) using an environment chamber, namely the timescale of BC aging
with significant distinction between urban cities in Beijing (~5 h corresponding to kaging of ~20 %
I') and Houston (~18 h corresponding to kaging of ~5.6 % h™). Higher aging rate coefficient
suggested the BC aging under polluted environment in NCP is most likely dominated by
condensation process during atmospheric transport, taking into account a clear difference
between timescale of BC aging by condensation (2-8 h) and coagulation (10-40 h) (Riemer et al.,
2004).”

(3) Ultimately, while good correlation between measurement and model is reached, it is possible
that other yet-to-be-identified factors may be responsible for this agreement rather than the 'k’
parameter being a good representation of ageing, which is the working hypothesis. The authors
should spend more time discussing how best to further test the robustness of this model. In
particular, a major limitation of this work is that it is restricted to autumn/winter datasets.
During the summer in Beijing, there is typically much more photochemistry (reflected in high
ozone concentrations) but BC concentrations and coating thicknesses are both reduced
according to Liu et al. (https://www.atmos-chem-phys-discuss.net/acp-2018-1142/). Can this
result be reconciled with this model? Would it mean that the ’k’ value would need to have a

seasonal dependence if this model were to be extended to other months?

Response: Thanks to the reviewer to point this out. Following reviewer’s suggestion, we have
discussed how best to further test the robustness of our model. The uncertainties of our model

calculation are strongly related to the retrieved parameters of aging rate coefficient (kaging) and

the initial value of Dy/D. ratio (([;—p)ini). It is noted that the Kaging value (~22% h'') in this work is

retrieved by the measurements under polluted environment at autumn/winter in Beijing. The
retrieved Kaging in this work can represent the characteristics of BC aging in polluted NCP at

autumn/winter. In terms of BC aging at summer, the observed aging rate coefficient at other two
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site (xianghe and Yufa) in NCP showed pronounced diurnal cycle with a maximum (~20% h™)
at noon time due to stronger photochemistry (Cheng et al., 2012; Zhang et al., 2018). Figure R1
shows the aging rate coefficient of BC in the range of 0.2-21% h™! at summer in NCP. The
maximum of Kaging at summer noontime was comparable with that at autumn/winter. However,
other time especially nighttime is significantly smaller, which can explain thinner coatings of

BC at summer compared with those at autumn/winter (Liu et al., 2019).

On the other hand, the initial values of D,/D. ratio ((?)im‘) used in our model at

autumn/winter are also different with that at summer. The BC transported to Beijing at
autumn/winter are dominated by industrial and residential emissions with higher Dpy/Dc ratio

near sources; however, the sources of BC in Beijing at summer are controlled by traffic and

industrial emission and with smaller (%)mi, which can also explain thinner coatings of BC at
summer compared with those at autumn/winter (Liu et al., 2019).

In summary, our model can be used to calculate BC mixing state during atmospheric
transport at different seasons with distinct kaging and (L;—p)ini) values. Both kaging and (?)ini)
values show a seasonal dependence. Quantification of BC mixing state at different seasons using

our model will be the subject of future work. In this work, we focused on the development of

model.
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Fig. S1 Diurnal cycle of BC aging rate coefficient (kaging) at summer in Xianghe site (data from

Zhang et al., (2018)).



To make this point clear, the related discussion has been added in the revised manuscript, as
“Although our model was developed and validated with autumn/winter datasets, it can be
applied in other seasons with distinct model parameters (i.e. aging rate coefficient and the
initial value of D,/D. ratio). The two parameters exhibit a seasonal dependence. In terms of the
aging rate coefficient at summer (Cheng et al., 2012; Zhang et al., 2018), the measurements at
two suburban site (xianghe and Yufa) in NCP showed pronounced diurnal cycle in the range of
0.2-20% h' with a maximum at noon time due to stronger photochemistry. The kaging around

noontime at summer was comparable with that (~17% h™) at autumn/winter. However, other

D
time especially nighttime at summer is significantly smaller. For the (D—p)ini, the seasonal
c

dependence is due to different dominated sources of BC. The BC particles in Beijing at summer
are controlled by traffic and industrial emission with smaller higher D,/D. ratio near sources,

but the dominated sources of BC at autumn/winter are industrial and residential emissions with
higher (?)ini (D. Liu et al., 2019; H. Liu et al., 2019). In summary, lower values both of aging
C

rate coefficient and the initial value of Dy/D. ratio would lead to thinner coatings of BC at
summer compared with those at autumn/winter in NCP, which was consistence with

observations in Beijing (D. Liu et al., 2019).”
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