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The authors investigated the BC coating effects based on the core/shell Mie theory and the
radiative transfer model SNICAR. The paper is generally well-written. It is good for the climate
models to consider the BC enhancement on albedo reduction due to the BC coating effects. It
is also nice to give options for different core/shell ratios. However, I feel the content is not
abundant enough and have some comments below for the authors to consider.

R: Thank you very much for the positive evaluations and valuable comments. We have added
more contents in the manuscript according to your suggestions and addressed all comments very

carefully as detailed below.

1. In section 3.1, it is not clear to me why the absorptive shell reduce the BC enhancement
compared with the non-absorptive shell. And the authors should explain what is the lensing
effect.

R: When BC is coated with the non-absorptive shell (or the absorptive shell), the light
absorption by the BC core can be enhanced, because the shell acts as a lens and focuses more
photons onto the core than would reach it otherwise (i.e. lensing effect) (Bond et al., 2006). In
addition, the BC light absorption enhancement (Eaps) for absorptive shell may differ from that
for non-absorptive shell due to either (i) modification of the photon path through the coated
particle due to the absorptive shell, thus causing fewer photons to be focused towards the BC
core, or (ii) absorption of photons by the absorptive shell, thus causing fewer photons to reach
the core. In this case, the total absorption by the coated particle will be conserved (i.e. it does
not matter whether a photon is absorbed within the shell or the core), but the magnitude of Eps

has been decreased. When Eape>1, this indicates that photons at that wavelength are still being



focused onto the core due to the lensing effect. However, when Eaps<1, this is an indication
that the enhancement due to the lensing effect is overwhelmed by absorption by the absorptive
shell, similar results have been reported by Lack and Cappa (2010). We have added these
discussions in Section 2.1.1 at Page 6 Lines 19-21 and revised the sentences Section 3.1 at

Page 13 Lines 6-16.
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2. In section 3.2, actually the E_1-w, E _alpha, and E_delta_alpha tell the same story. And the
impact of BC coating on spectral characteristics should be consistent with that on broadband
characteristics. To make the story full, I suggest the authors present the direct numbers of snow
albedo of various snow cases, e.g. fresh snow, old snow, of different snow depths, with
different BC concentrations and core/shell ratios, other than the ratios as E ...

R: The reason why we mainly discussed E;, E,, and E,, is snow albedo can be effectively
affected by various factors, such as snow grain size, LAP content, solar zenith angle, which
has been widely discussed and verified through model simulation and experimental
measurements by previous studies (e.g. Hadley and Kirchstetter, 2012; Wang et al., 2017,
Warren and Wiscombe, 1980). The use of E,_, Eq, and E,, can make us focus on the impact
of BC coating effect on snow albedo, which has been successfully used by previous study (He

et al. 2018c). Yet, we agree with the referee’s opinions that the direct numbers of snow albedo



of various snow cases are still important for the research community. Hence, according to your
suggestions, we have revised the figures, which not only show E_, E,, and E,,, but also show
the direct numbers of snow albedo under various snow cases, e.g. snow grain radius from 100
to 500 pm, BC concentrations from 0 to 1000 ng g ', core/shell ratios from 1.2 to 2.5, and two

different coating materials (non-absorbing and absorbing materials):
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Figure 2. Snow single-scattering co-albedo (1-m) as a function of wavelength, with different
BC concentrations and core/shell ratios for (a) uncoated and (b) coated BC with an assumption
of a non-absorbing shell. (d) and (e) are same as (a) and (b), respectively, but with an
assumption of an absorbing shell. (c¢) shows the ratios of snow single-scattering co-albedo (E;-
») for coated versus uncoated BC with an assumption of a non-absorbing shell. (f) is same as
(c), but with an assumption of an absorbing shell. The snow grain radius was assumed to be
200 nm.
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Figure 3. Same as Figure 2, but for snow albedo (o).
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Figure 4. Same as Figure 2, but for snow albedo reduction (Aa).
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Figure 5. The spectrally weighted snow single-scattering co-albedo (1-®intcgratca) OVer 300—
2500 nm of a typical surface solar spectrum at mid—high latitude from January to May, for (a)
uncoated and (b) coated BC with an assumption of a non-absorbing shell. (d) and (e) are same
as (a) and (b), respectively, but with an assumption of an absorbing shell. (c) shows the ratios
(Ei-o, integraed) Of spectrally weighted snow single-scattering co-albedo for coated versus
uncoated BC with an assumption of a non-absorbing shell. (f) is same as (c), but with an
assumption of an absorbing shell.



(a) Non-absorbing shell

o, integrated (Uncoated BC)

0.8

0.7

0.6 0 200 400 600 800
BC (ng g')

10 (b) Non-absorbing shell

1000

o
©

0, integrated (coated BC)
o
(o]

0.7
0.6 : : : :
0 200 400 600 800 1000
BC(ngg’)
A%AK ﬁ*Q‘;H
3 096 | AAi\A A 2480404440
5 Ap, BAay 5
o A AKXA
£ YN A
w002 | YV ey
AAAAA
088 5 200 400 600 800 1000
BC(ngg")

E:x, integrated

o, integrated (Uncoated BC)

o, integrated (coated BC)
o
[o¢]

—_
o

©
©

©
o]
T

o
]
T

(d) Absorbing shell

%
A

AAA\A_AE
0.6 . . - -
0 200 400 600 800 1000
BC (ng g™)
1.0 (e) Absorbing shell

©
©

©
\‘

0.96

0.92

0.88

0 200 400 600

R.= 100 um
. R=200 um
R.= 300 um
R.= 500 um

- -2
AAARS

+ + + SNICAR

400 600 800

BC(ngg™)

0 200 1000

Figure 6. Same as Figure 5, but for snow albedo (tintegrated)-
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Figure 7. Same as Figure 5, but for snow albedo reduction (Atintcgrated)-



In addition, we have moved Figure S5 to Figure 10 to compare the direct numbers of snow
albedo reduction and radiative forcing by coated versus uncoated BC for measurement-based

estimate of coating effect in Section 3.6.
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Figure 10. Statistical plots of (a) albedo reduction, and (b) radiative forcing, in different
regions for fresh snow. (¢) and (d) Same as (a) and (b), but for old snow. The boxes denote the
25th and 75th quantiles, horizontal lines denote the 50th quantiles (medians), solid dots denote
averages, and whiskers denote the 10th and 90th quantiles. In situ data is shown as gray circles.
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The detailed contents added in the text can been seen in the revised manuscript in Section 3.2,

3.3 and 3.6.
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3. In section 3.3, the authors argued that SNICAR consider the BC coating effect of an
intermediate core/shell ratio. Well, what is the result of this simplification?

R: The result of this simplification that didn’t consider the impact of coating materials and
core/shell ratio on the BC coating effect only presented a small variation of 1.23—1.31 for Ex,,
integrated- 1 contrast, our study explicitly resolved the optical properties of coated BC in snow.
Our results indicate that a ‘BC coating effect’ enhances the reduction of snow albedo by a
factor of 1.1-1.8 for a non-absorbing shell and 1.1-1.3 for an absorbing shell, depending on
BC concentration, snow grain radius, and core/shell ratio. As a result, this simplification may
lead to possible biases of -10% to 50% in snow albedo reduction calculation. We have added

these discussions in the text at Page 18 Lines 11-16.

4. It is good for the authors to discuss the uncertainties of imaginary RI values of OC and BC
particle sizes in section 3.4. The question is how large the uncertainty is as 1% for E_alpha and
13% for E_delta_alpha? Bias of direct snow albedo is more straightforward.

R: According to Equation 2, the uncertainty for E, inegrated 1 €quivalent to that for snow albedo
and the uncertainty for Exq, integrated 1 €quivalent to that for snow albedo reduction. As a result,

the uncertainties for snow albedo and snow albedo reduction are 1.4% and 13.9%. We have



added this clarification in the text at Page 19 Lines 12-15.

5. In section 3.5, the authors mentioned the overestimated albedo as around 0.06 in the polluted
snow and argued that the new parameterization of BC coating can reduce this overestimation
to 0.02. I feel this statement is too strong, as there is huge uncertainty in the measurements of
LAPs in snow. It is good for the climate models to have an option for BC coating effects but I
suggest not exaggerate this part.

R: Thanks for your suggestions. We have removed the sentences about “the overestimated
albedo as around 0.06 in the polluted snow and argued that the new parameterization of BC
coating can reduce this overestimation to 0.02.”. In addition, we have revised the sentences
about the application to climate models as follows:

“On the other hand, although most global climate models (GCMs) account for coated BC in
the atmosphere, they barely consider the coating effect for BC in snow (Bond et al., 2013). In
addition, different GCMs apply different types of snow radiative transfer models, which means
that one physical mechanism responsible for the BC coating effect in snow cannot be suitable
for all GCMs. Hence, our parameterizations are good for the climate models to have an option

for BC coating effects in snow.” from Page 21 Lines 20-21 to Page 22 Lines 1-5
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