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The authors investigated the coating effect of BC on BC-induced snow albedo reduction by 

using core/shell Mie calculations and SNICAR model. They found that BC coating can enhance 

snow albedo reduction by up to 80% and 30% for non-absorbing and absorbing coating, 

respectively. They further developed an empirical parameterization for BC coating effect on 

snow albedo and applied their calculations to different regions based on in-situ measured BC 

and OC concentrations in snow. This study could help advance our understanding of the role 

of BC in interacting with snowpack and potentially reduce the uncertainty in estimates of BC-

snow albedo radiative effect. The manuscript is generally well-written in terms of language 

and structure. I have a few comments and suggestions for the authors to consider. Particularly, 

there are still some places that require more discussions and further clarifications. 

R: We are very grateful for the referee’s positive evaluations and valuable comments. The 

followings are our point by point responses to the comments. Our responses start with “R:”. 

 

Specific comments: 

1. The authors assume BC coated by sulfate and OC in snow, which is fine for the purpose of 

theoretical calculations. However, one important issue related to the coated BC in snowpack is 

that in reality, many coating materials are soluble (e.g., sulfate and some organics) and will 

presumably dissolve into BC-containing hydrometeors during wet deposition onto snow 

surface. Hence, it may not be realistic to assume BC coated by sulfate (and even some OC) in 

snowpack. I understand this is a complicated problem, and the solubility of BC coating 

materials heavily relies on the chemical composition. I am not sure if the authors noticed any 

observations regarding BC coating in snow. If yes, this should be mentioned in the text. If there 



is no available observation, the authors could at least discuss this issue in the introduction. 

R: Thanks for the referee’s critical comment. We agreed with the referee’s comment that 

sulfates in the atmosphere acting as coating materials to form coated BC may be partly 

dissolved during wet deposition. However, this progress doesn’t mean that the sulfate-coated 

BC will be disappeared in real snowpack. A recent study observing individual particle structure 

and mixing states between the glacier–snowpack and atmosphere based on field measurements 

and laboratory transmission electron microscope (TEM) and energy dispersive X-ray 

spectrometer (EDX) instrument analysis (Dong et al., 2018) found that the sulfate components 

were actually reduced with precipitating snow, while the sulfate-coated BC were still observed 

during real snowpack in spite of its lower proportion than that in the atmosphere due to 

dissolution effect. For OC, that study didn’t observe reduced OC components in LAPs, which 

means that dissolution effect will not cause significant reductions of OC-coated BC particles 

in real snowpack. More notably, that study further found that the proportion of coated BC was 

even higher in snowpack than that in the atmosphere. All of the above observation results 

demonstrated that sulfate- and OC-coated are existed in real snowpack and the coated BC 

particles in snowpack was even more common than that in the atmosphere so that our study 

focusing on the enhancement of snow albedo reduction and radiative forcing due to coated 

black carbon in snow is actually helpful in advancing our understanding of the role of BC in 

interacting with snowpack and potentially reducing the uncertainty in estimates of BC-snow 

albedo radiative effect. 

The referee’s comments are still much helpful and make us understand the omission that we 

didn't mention the facts that coated BC were commonly existed in the snowpack in our study. 

Therefore, we have added some contents to demonstrate the existence of coated BC in 

snowpack in “Introduction” section as follows:  



“However, a problem is that whether coated BC is existed in real snowpack because the 

coating materials (e.g. salts and OC) of coated BC may be dissolved during wet deposition. A 

recent study observing individual particle structure and mixing states between the glacier–

snowpack and atmosphere based on field measurements and laboratory transmission electron 

microscope (TEM) and energy dispersive X-ray spectrometer (EDX) instrument analysis 

(Dong et al., 2018) told the truth. They found that the salt-coated BC was still observed in real 

snowpack in spite of its lower proportion than that in the atmosphere due to the dissolution 

effect within precipitating snow. For OC, that study didn’t observe reduced OC components in 

LAPs. More notably, that study further found that the proportion of coated BC was even higher 

in snowpack than that in the atmosphere. All of the above observation results demonstrated 

that the coated BC particles are existed in real snowpack and even more common than that in 

the atmosphere. Hence, the climate impacts of BC must be evaluated in the context of the effect 

of coating on light absorption enhancement.” added from Page 4 Lines 14-21 to Page 5 Lines 

1-5 

 

References: 

Dong, Z., Kang, S., Qin, D., Shao, Y., Ulbrich, S., and Qin, X.: Variability in individual particle 

structure and mixing states between the glacier–snowpack and atmosphere in the 

northeastern Tibetan Plateau, The Cryosphere, 12, 3877-3890, 2018. 

 

2. The authors claimed that “This study is the first to explicitly resolve the optical properties 

of coated BC in snow . . .” in the abstract and main text. However, this is not true. An earlier 

study (He et al., 2014) has already explicitly resolved the effect of coated BC particles 

internally and externally mixed with snow grains of different shapes and applied it to the 

Tibetan Plateau, which is a pioneer study to look at this effect. This earlier study should be 



briefly discussed in the introduction section and compared with the results from the present 

study. But it’s good to see that the authors here also explored the effect of an absorbing shell. 

Reference: He, C., Q. Li, K.-N. Liou, Y. Takano, Y. Gu, L. Qi, Y. Mao, and L. R. Leung (2014), 

Black carbon radiative forcing over the Tibetan Plateau, Geophys. Res. Lett., 41, 7806–7813, 

doi:10.1002/2014GL062191. 

R: We indicate that “… the first …” refers to the coated BC by other particles in snowpack, 

but not the internal mixing of BC and snow grains. But in order to avoid the misunderstanding 

of the whole research community, the “first” has been removed and this sentence has been 

revised as “This study explicitly resolved the optical properties of coated BC in snow …”. In 

addition, we have added some discussions about the internally and externally mixing of BC 

with snow grains and its effect on snow albedo and compared their results with that in our study 

as follows: 

“Recently, some studies indicated that the mixing state of BC and snow could effectively 

change snow albedo (Liou et al., 2011, 2014; Flanner et al., 2012; Liu et al., 2012; He et al., 

2017, 2018a, b, c). Moreover, snow grain shape also has an important influence on snow 

albedo (Kokhanovsky and Zege, 2004). Nonspherical snow grains have weaker albedo 

reduction than snow spheres (He et al., 2018c; Dang et al., 2016).” added in “Introduction” 

section from Page 3 Lines 20-21 to Page 4 Lines 1-4 

“Our results were comparable with the previous study that the snow albedo reduction of BC-

snow internal mixing is larger than external mixing by a factor of 0.2-1.0 (He et al., 

2018c).”added in Section 3.3 at Page 18 Lines 9-11 

 

References: 

Dang, C., Fu, Q., and Warren, S. G.: Effect of Snow Grain Shape on Snow Albedo, J. Atmos. 

Sci., 73, 3573-3583, 2016. 



Flanner, M. G., Liu, X., Zhou, C., Penner, J. E., and Jiao, C.: Enhanced solar energy absorption 

by internally-mixed black carbon in snow grains, Atmos Chem Phys, 12, 4699-4721, 2012. 

He, C. L., Takano, Y., Liou, K. N., Yang, P., Li, Q., Chen, F., He, C., Takano, Y., Liou, K. N., 

and Yang, P.: Impact of Snow Grain Shape and Black Carbon-Snow Internal Mixing on 

Snow Optical Properties: Parameterizations for Climate Models, J. Climate, 30, 10019-

10036, 2017. 

He, C. L., Flanner, M. G., Chen, F., Barlage, M., Liou, K. N., Kang, S. C., Ming, J., and Qian, 

Y.: Black carbon-induced snow albedo reduction over the Tibetan Plateau: uncertainties 

from snow grain shape and aerosol-snow mixing state based on an updated SNICAR 

model, Atmos Chem Phys, 18, 11507-11527, 2018a. 

He, C. L., Liou, K. N., and Takano, Y.: Resolving Size Distribution of Black Carbon Internally 

Mixed With Snow: Impact on Snow Optical Properties and Albedo, Geophys. Res. Lett., 

45, 2697-2705, 2018b. 

He, C. L., Liou, K. N., Takano, Y., Yang, P., Qi, L., and Chen, F.: Impact of Grain Shape and 

Multiple Black Carbon Internal Mixing on Snow Albedo: Parameterization and Radiative 

Effect Analysis, J Geophys Res-Atmos, 123, 1253-1268, 2018c. 

Kokhanovsky, A. A., and Zege, E. P.: Scattering optics of snow, Appl Optics, 43, 1589-1602, 

2004. 

Liou, K. N., Takano, Y., and Yang, P.: Light absorption and scattering by aggregates: 

Application to black carbon and snow grains, J Quant Spectrosc Ra, 112, 1581-1594, 2011. 

Liou, K. N., Takano, Y., He, C., Yang, P., Leung, L. R., Gu, Y., and Lee, W. L.: Stochastic 

parameterization for light absorption by internally mixed BC/dust in snow grains for 

application to climate models, J Geophys Res-Atmos, 119, 7616-7632, 2014. 

Liu, X., Zhou, C., Penner, J. E., and Jiao, C.: Enhanced solar energy absorption by internally-

mixed black carbon in snow grains, Atmos. Chem. Phys., 12, 4699–4721, 



https://doi.org/10.5194/acp-12-4699-2012, 2012. 

 

3. Introduction and Methodology: One important piece that was not mentioned here is the 

mixing state of BC and snow grains (i.e., internal vs. external) and snow grain shape. Recent 

studies (e.g., Flanner et al., 2012; Liou et al., 2014; He et al., 2018b) have shown that the BC-

snow internal mixing can significantly enhance snow albedo reduction compared with BC-

snow external mixing, while nonspherical snow grains have weaker albedo reduction than 

snow spheres. This can be briefly discussed in the introduction. Besides, the authors did not 

mention whether they assumed BC snow external or internal mixing and whether they assumed 

spherical snow grains in their SNICAR simulations. By default, SNICAR assumes BC-snow 

external mixing and snow spheres (Flanner et al., 2007), but a recent study (He et al., 2018c) 

has extended the SNICAR model to account for BC-snow internal mixing and nonspherical 

snow grains. So which SNICAR version did the authors use in this study? More details need 

to be added in the methodology part. 

References: 

Flanner, M. G., Zender, C. S., Randerson, J. T., and Rasch, P. J.: Present-day climate forcing 

and response from black carbon in snow, J. Geophys. Res.-Atmos., 112, D11202, 

https://doi.org/10.1029/2006jd008003, 2007. Flanner, M. G.,  

Liu, X., Zhou, C., Penner, J. E., and Jiao, C.: Enhanced solar energy absorption by internally-

mixed black carbon in snow grains, Atmos. Chem. Phys., 12, 4699–4721, 

https://doi.org/10.5194/acp-12-4699-2012, 2012. 

He, C., Liou, K. N., Takano, Y., Yang, P., Qi, L., and Chen, F.: Impact of grain shape and 

multiple black carbon inter- nal mixing on snow albedo: Parameterization and radiative effect 

analysis, J. Geophys. Res.-Atmos., 123, 1253–1268, https://doi.org/10.1002/2017JD027752, 

2018b. 



He, C., Flanner, M. G., Chen, F., Barlage, M., Liou, K.-N., Kang, S., Ming, J., and Qian, Y.: 

Black carbon-induced snow albedo reduction over the Tibetan Plateau: uncertainties from 

snow grain shape and aerosol–snow mixing state based on an updated SNICAR model, Atmos. 

Chem. Phys., 18, 11507–11527, https://doi.org/10.5194/acp-18-11507-2018, 2018c. 

Liou, K. N., Takano, Y., He, C., Yang, P., Leung, R. L., Gu, Y., and Lee, W. L.: Stochastic 

parameterization for light absorption by internally mixed BC/dust in snow 

R: It is our omission that we didn’t discuss the mixing state of BC and snow grains (i.e., internal 

vs. external) on snow albedo in the “Introduction” section, which has been added as follows: 

“Recently, some studies indicated that the mixing state of BC and snow could effectively 

change snow albedo (Liou et al., 2011, 2014; Flanner et al., 2012; Liu et al., 2012; He et al., 

2017, 2018a, b, c). Moreover, snow grain shape also has an important influence on snow 

albedo (Kokhanovsky and Zege, 2004). Nonspherical snow grains have weaker albedo 

reduction than snow spheres (He et al., 2018b; Dang et al., 2016).” added in “Introduction” 

section from Page 3 Lines 20-21 to Page 4 Lines 1-4 

In this study, we used the default SNICAR that assumes BC-snow external mixing and snow 

spheres (Flanner et al., 2007), which has been added in “Methods” section. Actually, the 

mixing state of BC and snow grains, and snow grain shape can affect the snow albedo, which 

has not been considered in the default SNICAR version. But we note the empirical 

parameterizations for the effect of BC internally mixed with snow grains on snow albedo has 

been developed by He et al. (2018c). The albedo of a snowpack consisting of nonspherical 

snow grains can be mimicked by using a smaller grain of spherical shape Dang et al. (2016). 

Therefore, users can combine the empirical parameterizations by He et al. (2018c) and Dang 

et al. (2016) with the empirical parameterizations by us to study the effect of the internal mixing 

of BC with snow grains, snow grain shape, and coated BC on snow albedo. We have added 

more discussions in “Methods” section as follows: 



“In addition, we note the SNICAR used in this study was default version that assumes BC-snow 

external mixing and snow spheres (Flanner et al., 2007). Although the mixing state of BC and 

snow grains, and snow grain shape can affect the snow albedo, the empirical 

parameterizations for the effect of BC internally mixed with snow grains on snow albedo has 

been developed by He et al. (2018c), and the albedo of a snowpack consisting of nonspherical 

snow grains can be mimicked by using a smaller grain of spherical shape (Dang et al. 2016). 

Therefore, users can combine the empirical parameterizations by He et al. (2018c) and Dang 

et al. (2016) with the empirical parameterizations by us to study the effect of the internal mixing 

of BC with snow grains, snow grain shape, and coated BC on snow albedo.” added at Page 9 

Lines 7-17 

 

4. Page 6, Line 12: The authors assumed a fixed MAC of 0.3 m2/g at 550 nm for OC. 

Is there any observation to support this assumption? 

R: The fixed MAC of 0.3 m2/g at 550 nm for OC was based on the observation from Yang et 

al. (2009). The reference has been added in the text and the sentence has been revised as 

“…Here, a fixed mass absorption coefficient (MAC) for OC of 0.3 m2 g–1 at 550 nm, a real RI 

of 1.55, and a particle diameter of 200 nm were assumed, following the observations of Yang 

et al. (2009) and the study of Lack and Cappa (2010). The uncertainty of snow albedo of coated 

BC due to OC MAC will be discussed in Section 3.4.”added at Page 7 Lines 9-13 

 

References: 

Lack, D. A., and Cappa, C. D.: Impact of brown and clear carbon on light absorption 

enhancement, single scatter albedo and absorption wavelength dependence of black 

carbon, Atmos. Chem. Phys., 10, 4207-4220, 2010. 

Yang, M., Howell, S. G., Zhuang, J., and Huebert, B. J.: Attribution of aerosol light absorption 



to black carbon, brown carbon, and dust in China - interpretations of atmospheric 

measurements during EAST-AIRE, Atmos Chem Phys, 9, 2035-2050, 2009. 

 

5. Page 6, Line 21: The authors seem to assume a fixed monodisperse BC size distribution 

instead of lognormal distribution, right? Please clarify. Also, what is the assumed shell 

diameter? 

R: We have added a clarification that we assumed a fixed monodisperse BC size distribution 

and the shell diameter of 110 nm–300 nm, and discussed the uncertainty of BC size distribution 

on our results as  

“…we assumed the BC diameter in snow was 100 nm with a fixed monodisperse size 

distribution. The uncertainty of snow albedo of coated BC due to fixed BC size distribution will 

be discussed in Section 3.4. The shell diameter was assumed from 110 nm to 300 nm based on 

Bond et al. (2006).” 

 

References: 

Bond, T. C., Habib, G., and Bergstrom, R. W.: Limitations in the enhancement of visible light 

absorption due to mixing state, J. Geophys. Res.-Atmos., 111, D20, 2006. 

 

6. Page 9, Lines 4-6: It will be good if the authors can include some comments on how 

applicable their parameterization is for BC concentration > 1000 ng/g. 

R: Why we chose the BC concentration range of 200-1000 ng g–1 for relatively polluted snow 

is because most of observed BC concentrations in global snowpack are below <1000 ng g–1. 

(e.g. Doherty et al., 2010, 2014; Wang et al., 2013; Li et al., 2017, 2018; Pu et al., 2017; Zhang 

et al., 2017, 2018). However, we note that if BC concentration is larger than 1000 ng g–1, the 

parameterization for relatively polluted snow is also applicable with a small negative bias based 



on the results of Section 3.5. Based on the referee’s suggestion, we have added some comments 

as follows: 

“Meanwhile, BC concentrations were assumed in the range of 0-1000 ng g–1 (with a 10-ng g–

1 interval) to demonstrate clear to polluted snow, which was based on the global field 

observations with BC concentrations in snowpack mostly below 1000 ng g–1 (e.g. Doherty et 

al., 2010, 2014; Wang et al., 2013; Li et al., 2017, 2018; Pu et al., 2017; Zhang et al., 2017, 

2018).” added in Section 2.1.2 at Page 9 Lines 2-6 

“We note that if BC concentration is larger than 1000 ng g–1, the parameterization for 

relatively polluted snow is also applicable with a small negative bias” added in Section 3.5 at 

Page 21 Lines 14-16 

 

References: 

Doherty, S. J., Warren, S. G., Grenfell, T. C., Clarke, A. D., and Brandt, R. E.: Light-absorbing 

impurities in Arctic snow, Atmos. Chem. Phys., 10, 11647-11680, 2010. 

Doherty, S. J., Dang, C., Hegg, D. A., Zhang, R., and Warren, S. G.: Black carbon and other 

light-absorbing particles in snow of central North America, J. Geophys. Res.-Atmos., 119, 

12807-12831, 2014. 

Li, X., Kang, S., He, X., Qu, B., Tripathee, L., Jing, Z., Paudyal, R., Li, Y., Zhang, Y., and 

Yan, F.: Light-absorbing impurities accelerate glacier melt in the Central Tibetan Plateau, 

Sci. Total Environ., 587, 482-490, 2017. 

Li, X., Kang, S., Zhang, G., Qu, B., Tripathee, L., Paudyal, R., Jing, Z., Zhang, Y., Yan, F., 

and Li, G.: Light-absorbing impurities in a southern Tibetan Plateau glacier: Variations 

and potential impact on snow albedo and radiative forcing, Atmos. Res., 200, 77-87, 2018. 

Pu, W., Wang, X., Wei, H., Zhou, Y., Shi, J., Hu, Z., Jin, H., and Chen, Q.: Properties of black 

carbon and other insoluble light-absorbing particles in seasonal snow of northwestern 



China, The Cryosphere, 11, 1213-1233, 2017. 

Wang, X., Doherty, S. J., and Huang, J.: Black carbon and other light-absorbing impurities in 

snow across Northern China, J. Geophys. Res.-Atmos., 118, 1471-1492, 2013. 

Zhang, Y., Kang, S., Cong, Z., Schmale, J., Sprenger, M., Li, C., Yang, W., Gao, T., Sillanpää, 

M., and Li, X.: Light-absorbing impurities enhance glacier albedo reduction in the 

southeastern Tibetan Plateau, J. Geophys. Res.-Atmos., 122, 6915-6933, 2017. 

Zhang, Y., Kang, S., Sprenger, M., Cong, Z., Gao, T., Li, C., Tao, S., Li, X., Zhong, X., and 

Xu, M.: Black carbon and mineral dust in snow cover on the Tibetan Plateau, The 

Cryosphere, 12, 413-431, 2018. 

 

7. Page 9, Lines 9-12: The authors assumed an infinite snowpack when applying their 

calculations to in-situ measurements. Is it because there are no snow depth measurements? 

Also, what snow-LAP parameters were in-situ measured? Please provide more specifics here. 

R: In this study, we assumed an infinite snowpack for all sampling sites due to limited snow 

depth measurements. Besides, the in-situ measurements applied in SNICAR model included 

LAPs (i.e. BC and OC) concentrations in snow. The value of solar zenith angle was calculated 

based on the longitude, latitude, and sampling time at each sampling site. All these specifics 

and other details have been added in Section 2.4 at Page 11 Lines 13-20. 

 

8. Section 3.1: How did the authors define the variable “Eabs”? A formula will be helpful. 

Similarly for Section 3.2, definitions of parameters like E_alpha need to be provided in terms 

of a mathematical expression. 

R: We have added a definition of Eabs in Section 3.1 at Page 12 Lines 15-17 as that “Figure 1b 

and 1d shows the light absorption enhancement, Eabs for coated BC. Eabs is defined as the ratio 

of the light absorption for an internal mixture (LAint) versus external mixture (LAext) of BC 



(𝐸"#$ =
&'()*
&'+,*

).”. Similarly, we have added the definitions of E1–ω, Eα, and E∆α in Section 3.2 

at Page 14 Lines 1-5 as that “The E1–ω is defined as the ratio of snow single-scattering co-

albedo with coated BC (1–ωint) versus that with uncoated BC (1–ωext) (𝐸-–/ =
-–/()*
-–/+,*

). Similar 

definitions were used for Eα (𝐸0 =
0()*
0+,*

) and E∆α (𝐸∆0 =
∆0()*
∆0+,*

), where 𝛼345 and 𝛼675 are snow 

albedos with coated and uncoated BC, and ∆𝛼345 and ∆𝛼675 are snow albedo reductions due 

to coated and uncoated BC.”. 

 

9. Page 11, Line 7: Why does the BC concentration make a negative contribution to 

E_det(alpha) instead of positive contribution? 

R: This is because the nonlinear effect of LAPs such as BC on snow albedo reduction (Flanner 

et al., 2007), which is that the enhancement capability of snow albedo reduction due to the 

increase of BC content in high BC concentration condition is lower than that in low BC 

concentration condition. For example, the ratio of snow albedo reduction by BC of 2*500 ng 

g–1 versus 500 ng g–1 is lower than that by 2*100 ng g–1 versus 100 ng g–1. The coating effect 

can be equivalent to a increase of BC content so that the BC concentration make a negative 

contribution to E∆9 instead of positive contribution. 

 

10. Page 11, Line 12: Note that the solar radiative flux is very small at wavelengths < 350 nm. 
 
R: Yes, the solar radiative flux is very small at wavelengths < 350 nm, but which may influence 

the photochemical reactions in snowpack. We have added a notice as that “We note that the 

solar radiative flux is very small at wavelengths < 350 nm, so that the coating effect at those 

wavelengths may have little contributions to total light absorption and broadband snow 

albedos, but which may potentially influence the photochemical reactions in snowpack 

(Grannas et al., 2007)” in Section 3.2 at Page 15 Lines 18-21. 



References: 

Grannas, A. M., Jones, A. E., Dibb, J., Ammann, M., Anastasio, C., Beine, H. J., Bergin, M., 

Bottenheim, J., Boxe, C. S., Carver, G., Chen, G., Crawford, J. H., Domine, F., Frey, M. 

M., Guzman, M. I., Heard, D. E., Helmig, D., Hoffmann, M. R., Honrath, R. E., Huey, L. 

G., Hutterli, M., Jacobi, H. W., Klan, P., Lefer, B., McConnell, J., Plane, J., Sander, R., 

Savarino, J., Shepson, P. B., Simpson, W. R., Sodeau, J. R., von Glasow, R., Weller, R., 

Wolff, E. W., and Zhu, T.: An overview of snow photochemistry: evidence, mechanisms 

and impacts, Atmos Chem Phys, 7, 4329-4373, 2007. 

 

11. Section 3.5: Please include a clarification somewhere in this section to state that this 

parameterization is under the assumptions of semi-infinite snowpack, BC-snow external 

mixing, and spherical snow grains. 

R: A clarification has been added in Section 3.5 at Page 21 Lines 1-3 as that “This 

parameterization is under the assumptions of semi-infinite snowpack, BC-snow external mixing, 

and spherical snow grains as mentioned in Section 2”. 

 

12. Section 3.6: More descriptions regarding the parameters from observations are needed. For 

example, did the authors assume semi-infinite snowpack or used measured snow depth in their 

calculations? Did the authors use time-varying downward solar radiation in the calculation of 

radiative forcing? How did the authors assume the snow grain size? Is it from observations? 

For in-situ measurement application, we assumed a semi-infinite snowpack for all sampling 

sites due to limited snow depth measurements. While in-situ BC and OC measurements in 

snow were used in SNICAR, and snow grain radius of 100 (1000) µm were assumed for fresh 

(old) snow, which is comparable to previous observations at mid to high latitudes in winter 

(Wang et al., 2017; Shi et al., 2020). The value of solar zenith angle was calculated based on 



the longitude, latitude, and sampling time at each sampling site. For the calculation of radiative 

forcing, we used used the January-February average solar radiation for NA and NC, while 

April-May average solar radiation for the Arctic and TP according to the periods of filed 

campaigns. We note that we mainly estimate the relative impact of internal mixing to external 

mixing on snow albedo and radiative forcing, which is hence not influenced by the chosen solar 

radiation. All these specifics have been added in Section 2.4 at Page 11 Lines 13-20 and Page 

12 Lines 5-10. 

 

References: 

Shi, T., Pu, W., Zhou, Y., Cui, J., Zhang, D., and Wang, X.: Albedo of Black Carbon-

Contaminated Snow Across Northwestern China and the Validation With Model 

Simulation, J. Geophys. Res.-Atmos., 125, e2019JD032065, 2020. 

Wang, X., Pu, W., Ren, Y., Zhang, X. L., Zhang, X. Y., Shi, J. S., Jin, H. C., Dai, M. K., and 

Chen, Q. L.: Observations and model simulations of snow albedo reduction in seasonal 

snow due to insoluble light-absorbing particles during 2014 Chinese survey, Atmos. 

Chem. Phys., 17, 2279-2296, 2017. 

 

13. It will be good if the authors can include a few sentences to briefly summarize the 

applicability of their parameterizations in terms of the range of BC concentration, snow 

condition, snow size, core/shell ratio, etc. 

R: Thanks for your suggestions, we have added a brief summary about the applicability of our 

parameterizations as follow: 

“In addition, the snow grain size has small impacts on the accuracy of parameterized results, 

so that the parameterizations can be applied in either fresh snow or old snow types. Overall, 

the Eα, integrated can be well reproduced by Eα, integrated, para and the parameterizations are 



applicable in various snow pollution conditions with BC concentrations from 0-1000 ng g-1, 

core/shell ratios from 1.1 to 3.0, and different coating materials (non-absorbing and absorbing 

shell). We note that if BC concentration is larger than 1000 ng g–1, the parameterization for 

relatively polluted snow is also applicable with a small negative bias.” added at Page 21 Lines 

8-16 

 

14. Another thing the authors did not mention is the direct and diffuse radiation they assumed 

in their calculations for both parameterization development and in-situ measurement 

application. If direct radiation was assumed, what was the value of solar zenith angle used? 

Clarifications need to be added. 

R: In this study, the direct radiation was assumed for parameterization development with a 

solar zenith angle of 49.5°, whose cosine value (0.65) represents the insolation-weighted mean 

solar zenith cosine for sunlit Earth hemisphere (Dang et al., 2015). For in-situ measurement 

application, the value of solar zenith angle was calculated based on the longitude, latitude, and 

sampling time at each sampling site. All these specifics have been added in Section 2.1.2 from 

Page 8 Lines 19-21 to Page 9 Lines 1-7 and Section 2.4 at Page 11 Lines 13-20 and Page 12 

Lines 5-10. 


