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Replies to reviewers' comments

Overview
The authors thank the reviewers for constructive comments, they helped improving the paper. We have replied
to all questions raised by the reviewer. The major changes to the paper are that the we have
- reorganized the AAE method part and revised corresponding figures
- added measurement data from single particle soot photometer (SP2) at same site to support calculation
- conducting Mie-simulation using BC size distribution and mixing state measured by SP2 to derive
AAEgc instead of taking a fixed typical BC core size distribution and analyzed the uncertainties of the method

- added more review on AAE segregation and BrC definition

Detailed replies to Anonymous Referee #2

General Comments The authors tried to make improvement of Aethalometer model method. However, the
parameters used here, such as volume, densities and sizes of OC and EC, OM/OC ratios, and morphology and
mixing state/compositions of BC particles, which are critical inputs for Mie-theory simulations, were not
obtained from direct measurements, but inferred from indirect calculations based on some assumptions.
Therefore, my biggest concern is about the uncertainties related to these assumptions and calculations. It would

be better to add a part to notify the uncertainties and estimate the uncertainties if possible.

Response: Thanks for the valuable comment. To avoid the uncertainties caused by assumed BC size distribution,
we reorganized our manuscript by using available BC size distribution and mixing state measured by single
particle soot photometer (SP2) at the SORPES station during the study period instead of using empirical BC
size distribution from previous studies. We found that our previous method is still available but we modified the
method by combining SP2 data in the revision. The contribution of BrC gets larger with new parameters. Also,

in the revised version we estimate the uncertainties of the calculation and update the method and result parts.



Specific comments
1) Line 28 on page 1: It is better to defined “babs_ BrC” as “light absorption coefficient of BrC”, with unit as
Mm-1.

Response: Thanks for the suggestion. We will revise it accordingly.

2) Line 26-27 on page 4 and line 1-6 on Page 5: There are still some brown carbon related studies conducted in
China especially in north China such as in Beijing, although these studies were not based on AAE method.
Response: Thanks for the suggestion. We will add some relevant brown carbon studies in North China in the

discussion and include these references in the revised version.

3) Line 10 on page 6: It is still not clear, why 520 nm but not other wavelength was chosen for the following
calculations.

Response: Thanks for the comment. As mentioned in the manuscript, the measurement wavelengths of
aethalometer are 370 nm, 470 nm, 520 nm, 590 nm, 660 nm, 880 nm, and 950 nm. Measurement data at the
wavelength of 880 nm is chosen because light absorption at this wavelength normally represents the BC
absorption (Virkkula et al., 2015). To calculate AAEgc at the wavelength range where BC is the dominant
absorption component, the wavelength near 880 nm is better to be used. However, the response of 590 nm and
660 nm data may be affected by the presence of interfering materials such as hematite mineral dust and tobacco
smoke (user manual of aethalometer AE-31, Hansen and Schnell, 2005). To avoid the potential impact, we use

520 nm data for the calculations. We will revise the text to further clarify this point in the revision.

4) Line 13 on page 6: As mentioned in the manuscript, some factors might influence the accuracy of the
Aethalometer measurement, such as relative humidity especially when the air was not dried prior to sampling.
So is RH considered when the authors did the correction for the Aethalometer observation data?

Response: Thanks for the comment. We agree that relative humidity would influence the accuracy of
Aethalometer measurement. In our study, RH is considered in both measurement and Aethalometer data
correction processes. The impacts of RH on Aethalometer data are mainly from hygroscopic growth of
scattering particles and the hydrophilic membrane under the filter. Firstly, we have added the detailed
description of aerosol scattering measurement and the correction of Aethalometer data. Since the relative
humidity can make influence on aerosol extinction, especially scattering, we installed an external heater prior

to the measurement to prevent condensation and maintain the sample air humidity lower than 50% for the most



of time. For data with RH higher than 50%, we did the correction for it. Detailed description is shown in the
revised manuscript. Secondly, the bias of Aethalometer data caused by the hydrophilic membrane under the
filter only occurs during rapid RH changes (Arnott et al., 2003). For slow RH changes, the humidification factor
is compensated when calculating the attenuation change. Compared to these two factors, the direct impact of

RH on light absorption is negligible (Redemann et al., 2001).

5) Line 24 on page 6: Please add references for the laser absorbance technique for pyrolytically generated carbon
correction, or at least give a brief introduction here.

Response: Thanks for the comment. After analyzing SP2 data, we have reorganized the method and result part
as well as the corresponding figures, and OCEC data is no longer used in the Figures. Thus, the description of

OCEC measurement part will be removed in the revised manuscript.

6) Line 26-28 on page 6: Compositions and properties of fine particulate matter might be more complicated in
China than other regions. However, the references Aiken et al., 2008 and Pitchford t al., 2007 were both
conducted outside China several years ago. So, is it possible to cite some recent literatures especially those
conducted in China? And please add a reference for density of EC (1.8 g/cm3).

Response: Thanks for the comment. Indeed, observation of OC/EC (Cheng et al., 2010;Cheng et al., 2011) are
widely used in China. As mentioned in last response, we no longer use OC/EC data in the revised manuscript.
The comparison of characteristics of BrC in Nanjing and Beijing (Yan et al., 2015;Cheng et al., 2016;Yan et

al., 2017) are supplied in this study, as mentioned in the response to Comment 2).

7) Line 8 on page 7: Please clarify the potential influence of dust, another important light absorber in the
atmosphere, and explain how to exclude it.

Response: Thanks for the comment. Firstly, dust is abundant in coarse mode (Seinfeld and Pandis, 2006;Hu et
al., 2013). The mass fraction of dust is low in PM25 (Wang et al., 2017) except during dust storm episode. We
used a PM2s cutter on the inlet of Aethalometer to avoid the impact of coarse mode particles. Moreover, the
mass absorption efficiency (MAE) of dust is around 1% of MAE of BC (Clark et al., 2016). Thus, the contribution

of dust on PM s light absorption should be small. We will mentioned this point in the revised manuscript.
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Figure 1. Time series of the concentration of Ca?*, a tracer to dust, OC and bass_src measured at the SORPES

station. The figure shows that the calculated light absorption of BrC was less influenced by dust.

8) Eq 2: How about the influence of other light-absorbing substances, and the coating thickness/composition of
black carbon?

Response: Thanks for the comment. As mentioned in the introduction, BC, dust, and BrC have been considered
as dominant contributors to aerosol absorption. In our revised manuscript, the impact of coating thickness will
be considered in both SP2 data analysis and AAEs2-ss0. We calculate AAEgcs20-880 and AAE gcaro-520 from SP2
data using core-shell Mie model. Coating thickness derived from SP2 is included in the calculation. In long-

term observation, AAEsg.sg0 IS calculated based on data from the Aethalometer AE31.

9) Line 4-5 on page 8: It would be better to point out major factors which might influence the AAE values or

light absorption properties of BC, before the sentence “Therefore, it is essential to firstly evaluate . . ..’

Response: Thanks for the comment. We will modify this description in the revision.

10) Line 8 on page 10: The current display format of Figure 3 is not quite powerful for the statement of
“especially in less polluted periods”, as many negative values also occurred in higher polluted days, with even

lower negative values.



Response: Thanks for the comment. Yes, this expression is not very clear here. More precise expression should
be ‘when light absorption of BrC is low, more negative values occur by using the assumption of AAEsc = 1’

(shown in Figure 4 in revised manusrcipt). We will change this sentence in the revised manuscript.

11) The findings of this study were consistent with previous studies. It is better to refer to or compared with
more previous studies. For example, some studies have also pointed out that coal combustion was one of the

major sources of brown carbon in north China in winter.
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Figure 1. Averaged retroplume for air masses with highest 25% and lowest 25% of baps grc at the SORPES
station in December. The results show that long-range transport from the North China Plain had limited

influence on BrC at the station.

Response: Thanks for the suggestion. We compared characteristics of BrC in Nanjing and Beijing (Yan et al.,
2015;Cheng et al., 2016;Yan et al., 2017). Studies conducted in Beijing have also suggested the important
contribution of residential biofuel and open biomass burning on BrC in winter and summer, respectively (Yan
etal., 2015;Cheng et al., 2016;Fu et al., 2013), which are consistent with our conclusions. A recent study reports
that coal combustion is an important source of BrC in northern China, especially in winter (Yan et al., 2017).We

will discuss these factors in the revision.
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