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Responses to Editor and Reviewer 

(Reviewers’ comments are in italic font) 

 

The authors provided reasonable explanations for most of the questions. A few clarifications 

still needed: 

 

We appreciate that the editor and reviewers recognize our efforts and thank you for your 

thoughtful suggestions and insights, which have helped improve this manuscript substantially. We 

have revised the manuscript carefully, as described in our point-to-point responses to the comments. 

 

1. About authors’ response “The simulated biases were caused mainly by the model resolution 

and inaccurate land surface characteristics used in this study,” please clarify “inaccurate land 

surface characteristics” and whether this may influence understanding of surface processes, which 

is the focus of this study. 

 

Thank you for the comment. In this study, we focused on two surface physical processes: the 

aging and melting processes of snowpack and the land‒atmosphere exchange process. These 

processes have been integrated into the Polar-WRF/Noah-MP model, which has been extensively 

validated (e.g., Justino et al., 2019; Li et al., 2022; Smith et al., 2017). The inaccuracy of surface 

characteristics in this study is mainly due to the land cover and topography inputs, which can 

introduce biases in the findings. Nevertheless, this does not impact the surface processes and 

physical mechanisms that were the main focus of the study. As suggested, we clarified it and added 

explanation in the paper (P10, L339-342 and L348) as follows: 

“Surface feedback processes such as land‒atmosphere exchange and changes of snowpack 

have already coupled into the Polar-WRF/Noah-MP and their performances have been widely 

validated (e.g., Justino et al., 2019; Li et al., 2022; Smith et al., 2017). To better access the impacts 

of these two surface feedback processes on the reduction in snow albedo caused by BC deposition 

and the corresponding changes in the surface energy balance, the modeled downward shortwave 

radiation, sensible heat flux (HS) and latent heat flux (LH) are also compared with the observation 

data in Alaska (149.3°W, 68.6°N).”. 

“These biases may result from the inaccurate land surface characteristics (e.g., land cover and 

topography) used in this study and the coarse model resolution.” 
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2. If “the wind speed is not related to the mechanisms of interest in this paper,” please clarify 

the rationale of including this comparison/validation in the paper. 

Similarly, as this paper primarily focused on surface processes, many descriptions related to 

atmospheric setups (e.g., boundary layer, clouds, etc) may appear redundant. However, I believe 

these processes are crucial for accurately simulating precipitation and snowfall. Therefore, 

selecting a better PBL scheme and cloud mechanism is important and should be emphasized in the 

paper. 

 

Thank you for the comment. In this study, we focused on BC-induced reduction in snow albedo 

and their associated surface feedback processes (the changes of snowpack properties and land‒

atmosphere exchange), the role of wind speed was not emphasized. However, the wind speed is still 

one of the most important meteorological parameters, which is closely related to the surface energy 

balance and the structure of the atmospheric boundary layer. Thus, the comparison is necessary to 

validate the basic capabilities of the model and to conduct further investigations.  

The Mllor-Yamada-Nakanishi-Niino (MYNN) level 2.5 PBL scheme and the Morrison 2-

moment cloud microphysics scheme were selected in this study. Their performances in the Arctic 

are widely have been widely tested and verified (e.g., Hines & Bromwich, 2017; Hines et al., 2019; 

Turton et al., 2020; Xue et al., 2021). As suggested, we added more detailed description of these 

schemes and emphasized their importance in the paper (P7-8, L260-276): 

“In addition to surface processes, atmospheric conditions like the boundary layer and clouds 

play a key role in effectively simulating precipitation and snowfall, which can influence the 

reliability of the simulation outcomes. As a result, choosing the appropriate boundary layer and 

cloud microphysics schemes is essential. In this study, the Mllor-Yamada-Nakanishi-Niino (MYNN) 

level 2.5 PBL scheme and the Morrison 2-moment cloud microphysics scheme were selected. Their 
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performances in the Arctic are widely have been widely tested and verified (e.g., Hines & Bromwich, 

2017; Hines et al., 2019; Turton et al., 2020; Xue et al., 2021).The MYNN model is a kind of second-

order closure model that was proposed by Nakanishi and Niino (Nakanishi and Niino 2004, 2006, 

2009) and is formulated as a modification of the Mellor-Yamada closure model (Mellor and Yamada 

1982). In comparison to the MYNN level-3 scheme, the MYNN 2.5-level scheme retains the 

significant performance on the stable boundary layer simulations and reduces the computational 

cost (Kitamura, 2010; Nakanishi & Niino, 2009). The new version of the MYNN 2.5-level scheme 

implemented in WRF/PWRF Version 4.1.1 can improve downward shortwave radiation at the 

surface (Olson et al., 2019), which is a key factor in assessing the reduction in snow albedo caused 

by BC deposition and the corresponding changes in the surface energy balance.  

The Morrison 2-moment cloud microphysics scheme is a double-moment microphysics 

scheme that parameterizes the mixing ratio and number concentration of hydrometeors, covering 

cloud droplets, rain, ice crystals, snow, and graupel (Morrison & Gettelman, 2008). In the Polar-

WRF, its droplet concentration is reduced from 250 cm−3 to 50 cm−3, which is more applicable to 

polar regions (Hines & Bromwich, 2017). It has been extensively tested and has shown a great 

simulation capabilities, especially in the representation of mixed-phase clouds in the Arctic (Arteaga 

et al., 2024; Cho et al., 2020).” 
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3. 27 km is higher than typical resolutions used in global simulations. 27 km cannot be 

considered a high resolution by itself. Please make this clear in the paper. 

 

Thank you for the comment. As suggested, we included relevant sentences to clarify this as 

follows (P7, L242-245): 

 “The 27 km resolution is consistent with the ERA5 reanalysis data to ensure the accuracy of 

large-scale meteorological conditions, and it is significantly higher than the usual resolution 

employed in global climate models (which is typically over 1°) in earlier research (e.g., Dou et al., 

2012; Jiao et al., 2014; Ren et al., 2020).” 
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4. The discussion of how the model accounts for snow-ice transitions needs to be added to the 

paper, besides referring to He et al. (2023). This information is crucial to support readers’ 

understanding about the processes. 
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Thank you for the comment. As suggested, we added more relevant description about the snow 

process in the paper as follows (P6-7, L216-239): 

“In the Noah-MP, the evolution of snowpack properties, including snow ice and liquid water 

content, snow thickness, and water flux out of snowpack bottom. If the snow layer temperature is 

higher than freezing point (273.15 K), then the snow layer ice is melting; if snow layer liquid water 

content is greater than 0, and snow layer temperature is lower than freezing point, then ice is 

refreezing. Once melting or freezing active, the snow ice amount will be updated. The amount of 

phase-change water is computed as: 

 
Δ𝑊𝑝ℎ𝑎𝑠𝑒(𝑖) =

𝐻𝑀,𝑝ℎ𝑎𝑠𝑒(𝑖) × Δ𝑡

𝐶𝐿𝐻,𝑓𝑢𝑠
 

  (7) 

where Δ𝑊𝑝ℎ𝑎𝑠𝑒 (kg m-2) is amount of phase-change water, 𝑖 is the snow layer, 𝐻𝑀,𝑝ℎ𝑎𝑠𝑒 (W 

m-2) is the energy residual (surplus or loss), and it is computed as: 

 
𝐻𝑀,𝑝ℎ𝑎𝑠𝑒(𝑖) =

𝑇𝑠𝑛𝑠𝑜(𝑖) − 𝑇𝑓𝑟𝑧

Δ𝑡
× 𝐶ℎ,𝑠𝑛𝑜𝑤 × Δ𝑧 

  (8) 

where 𝑇𝑠𝑛𝑜 (K) is the snow temperature, 𝑇𝑓𝑟𝑧 = 273.15 (K) is the freezing point, Δ𝑧 (m) is 

the thickness of snow layer, 𝐶ℎ,𝑠𝑛𝑜𝑤 (J m-3 K-1) is the volumetric specific heat capacity of snow 

and it is calculated as: 

 𝐶ℎ,𝑠𝑛𝑜𝑤 = 𝐶ℎ,𝑖𝑐𝑒 × 𝜃𝑖𝑐𝑒,𝑠𝑛𝑜 + 𝐶ℎ,𝑤𝑎𝑡 × 𝜃𝑙𝑖𝑞,𝑠𝑛𝑜   (9) 

where 𝐶ℎ,𝑖𝑐𝑒 (J m-3 K-1) and 𝐶ℎ,𝑤𝑎𝑡 (J m-3 K-1) are the volumetric specific heat capacity of 

ice and water, respectively,  𝜃𝑖𝑐𝑒,𝑠𝑛𝑜 and 𝜃𝑙𝑖𝑞,𝑠𝑛𝑜 are partial volume of ice and liquid water in 

snow layer, respectively.  

For each snow layer, if the freezing is active, then the snow ice content (𝑊𝑖𝑐𝑒,𝑠𝑛𝑜, [kg m-2]) is 

updated as: 

 𝑊𝑖𝑐𝑒,𝑠𝑛𝑜,𝑛𝑒𝑤(𝑖) = min(𝑊𝑠𝑛𝑜𝑤,𝑜𝑙𝑑(𝑖),𝑊𝑖𝑐𝑒,𝑠𝑛𝑜,𝑜𝑙𝑑(𝑖)

− Δ𝑊𝑝ℎ𝑎𝑠𝑒(𝑖)) 

  (10) 

If the melting is active, then the snow ice content (𝑊𝑖𝑐𝑒,𝑠𝑛𝑜, [kg m-2]) is updated as: 

 𝑊𝑖𝑐𝑒,𝑠𝑛𝑜,𝑛𝑒𝑤(𝑖) = max(0,𝑊𝑖𝑐𝑒,𝑠𝑛𝑜,𝑜𝑙𝑑(𝑖) − Δ𝑊𝑝ℎ𝑎𝑠𝑒(𝑖))   (11) 

Then, the snow liquid water content (𝑊𝑙𝑖𝑞,𝑠𝑛𝑜, [kg m-2] is updated as: 

𝑊𝑙𝑖𝑞,𝑠𝑛𝑜,𝑛𝑒𝑤(𝑖) = max(0,𝑊𝑠𝑛𝑜𝑤,𝑜𝑙𝑑(𝑖) −𝑊𝑖𝑐𝑒,𝑠𝑛𝑜,𝑛𝑒𝑤)   (12) 

As the snow melts, the amount of liquid water content in the snowpack will rise, leading to an 

increase in snow density. Once the liquid water content surpasses the snowpack's maximum capacity 

to hold water, the snowpack will start to flow out, resulting in a reduction in snow depth. These 

changes in snow properties will influence the snow albedo reduction caused by BC.” 

 

5. My original comment “In the result section, please clarify which results are coming from 
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which experiments” was not fully addressed. There was a list of simulations performed, as shown 

in Table 1. Besides stating “SNICAR-ON” vs. “SNICAR-OFF” the authors also need to clarify each 

result section corresponds to which simulation setups. 

 

Thank you for the comment. We apologize for our carelessness. As recommended, we have 

revised and clarified the simulation setups in each results section. For example, in the Section 3.4, 

we clarified that the changes in the surface energy balance was investigated via the SNICAR-ON 

and the snow processes are included in this experiment (P15, L469-470): 

“Based on SNICAR-ON simulation results (include the snow processes), the temporal 

evolution of the SDE caused by a fixed 50 ng g-1 BC has been studied.” 

 

 

 


