
Response to the comments of reviewer #2 

(The responses are highlighted in blue) 

The authors are very grateful to the editors and reviewers for their valuable comments 

and constructive suggestions. The reviewers’ questions and comments are highlighted 

in black font, and the answers in blue. The changes made in the revised manuscript are 

highlighted in red. 

Comments: The study aims to quantify how the microphysical properties of BC 

affect BrC absorption estimates, providing insight into the uncertainties surrounding 

the BrC assessment through absorption measurements at various wavelengths. This 

study is very useful and significant which may bring an important advance in the 

estimates of BrC absorption. 

Reply: Thanks very much for your positive comments for our work. The response for 

the comments are show in the following.  

Comments: Main: The results obtained in this work are impressive and significant, 

however, the presentation of these results should be better. Be more succinct and 

direct, highlight the main results, improve the figures (tables?), and worry about 

making better captions in the figures and not just explaining them in the middle of the 

text, this will make reading pleasure. 

Reply: Thanks very much for your valuable suggestions. We have improved the 

presentations of the results in the revised manuscript. We have replotted Figure 3 – 4, 

and define the data in Tables 1 -5. Please see the revisions that marked in blue in the 

revised manuscript.  

Comments: Below are some comments and specific suggested adjustments to the 

text. 



Reply: Thanks very much for your comment. The response for the comments are 

show in the following.  

1 Introduction 

Comments: line 22- Carbonaceous aerosols are a major contributor to climate 

“change”. 

Reply: Thanks for pointing it out. We have corrected it in the revised manuscript. 

Comments: line 55 - A quick and effective way to differentiate BC, BrC, and dust 

using Scattering Angstrom exponent x Absorption Angstrom Exponent ratios is 

described in studies such as (CAPPA et al., 2016; CAZORLA et al., 2013; RUSSELL 

et al., 2010). 

Reply: Thanks for your suggestion for the references, and we have added them in the 

revised manuscript. 

Comments: line 70 – “while more recent studies based on measurements and 

simulations have shown a wide range of AAE values”. Which studies? Please mention 

it here. 

Reply: Thanks for your comments. We have added some references here.  

2 Estimating the BrC absorption 

Comments: Lines 118-120 – “we assumed the following cases for aged BC aerosols: 

(1) fluffy BC cores partially coated with other materials; (2) compact BC without 

coating materials; (3) compact BC partially coated with other materials; (4) compact 

BC fully coated with other materials”. In my opinion, they are very promising 

choices. 

Reply: Thanks for your comments.  

Comments: Figure 1 – Please explain in more detail each of the 4 cases in the figure 

legend. 



Reply: Thanks for your comments. We have added the explaination in the revised 

manuscript: 

“We used a Df of 1.8 and 2.6 to represent fluffy BC and compact BC, respectively. 

Moreover, F = 0 means that BC is not internally mixed with coating materials, while 

BC is gradually partially coated with other materials as F increases. F = 1 means that 

BC is completely coated.” 

Comments: Line 157 - of nonabsorbing 

Reply: Thanks for your comments. We have corrected it in the revised manuscript. 

3 Results 

Comments: The results text is quite challenging to understand, with a lot of technical 

data and few graphics, and tables. It would be great to explain the results more 

pleasantly. Maybe doing better figures. 

Reply: Thanks very much for your comments. We have added Tables 1- 5 to show the 

technical data, and we have also added contour lines to show the data in Figures 3 – 4. 

Comments: Did you use AERONET data? which sites? make it clear and explicit in 

the text. 

Reply: Thanks for your comments. We did not use AERONET data. The ABSBrC in 

this work is retrieved from the absorption of black carbon. Consequently, any 

deviations from brown carbon of ABSBrC = 0 indicate uncertainty in the BrC estimation. 

This work is based on modeling only; no measurement data are used. We have clarified 

it in the revised manuscript: 

“The ABSBrC in this work is retrieved from the absorption of black carbon. 

Consequently, any deviations from ABSBrC = 0 suggest the uncertainty in BrC 

estimation. This work is based solely on modeling, and no measurements are used.” 



Comments: Figure 2. ABSBrC at different Dp/Dc estimated using the AAE = 1 

methods. What different Dp, Dc and F indicate? Please clarify at legend too. Example: 

The increases in F may represent a process of atmospheric aging. 

Reply: Thanks very much for your comments. We added the explaination in the 

caption: 

“When freshly emitted, BC generally exhibits a flocculent structure and is not internally 

mixed with coating materials, as reflected by an F of 0 and a Df of 1.8. However, with 

increasing atmospheric aging, BC gradually becomes internally mixed with coating 

materials and thicker coating materials overlay on the BC, which may be reflected in a 

larger F and Dp/Dc. Moreover, the BC structure becomes more compact as the particles 

age, and we used a large Df value to represent the compact BC.” 

Comments: Figure 3 – 4, Add the explanation on the legend: “we see that ABSBrC 

increases with rg when AAE is fixed. This is caused by a decrease in AAE with 

increasing rg for fluffy BC”. The article will be easier to read 

Reply: Thanks very much for your suggestion. We have added the clarification in the 

revised manuscript. 

Comments: Figure 5. “Similar to Figure 3, but using the WDA method”. Please it 

Reply: Thanks very much for pointing it out. The caption was modified as “Similar to 

Figure 2, but using the WDA method.We see that the WDA method does not always 

provide better estimates than the fixed AAE methods, and its applicability is also 

significantly affected by morphology and mixing states.” 

Comments: Lines 303 – 304 “The estimated ABSBrC based on the WDA using the bare 

sphere model and the core-shell model has comparable values and can vary in a range 

from about -40% to 36%”. What does it mean? Explain. 



Reply: Thanks very much for your comments. We have modified the sentence as:” The 

estimated ABSBrC based on the Mie theory-based WDA can vary in a range from about 

-40.8% to 35.7%” 

Comments: Figure 6 - Please explain the figure better, what does this purple bar mean 

for example? What significant result did you get? highlight this in the caption. 

Reply: Thanks very much for your valuable comments. The purple shading represents 

the WDA calculated for the bare spherical BC model. We have added the finding in 

the caption: 

“The results show that the WDA of BC is significantly affected by morphology and 

mixture state. When BC is freshly emitted (represented by a Df of 1.8, an F of 0, and a 

smaller Dp/Dc), the WDA is close to 0. With atmospheric aging, the WDA range 

becomes broader and often deviates significantly from 0. In addition, the WDA 

calculated using the Mie assumption can differ greatly from the WDA of partially 

coated BC, which is why the ABSBrC estimated using the WDA method differs from 0.” 

Comments: Lines 388-389 “The estimated DRF in this work may be about +0.216 – 

+0.612 W/m2 , which is generally in the range of values reported by previous studies”. 

How did you estimate it? 

Reply: The DRF is estimated based on the suggested values of Bond et al. (2013). From 

the Table 15 of Bond et al. (2013), Kelesidis et al. (2022) estimated an average 

absorption forcing efficiency of 170±43 Wm-2 /AAOD for BC used in global climate 

models, please see Table 15 in Bond et al. (2013) and Kelesidis et al. (2022). In this 

work, we estimated the DRF by multiplying the estimated AAOD with 170±43 Wm-2 

/AAOD. Similarly, the misassigned DRF is also estimated by multiplying the 

misassigned AAOD by 170±43Wm-2 /AAOD. We have clarified it in the revised 

manuscript: 



“In addition to AAOD, the Direct Radiative Forcing (DRF) is also commonly used to 

assess climate effects. In this work, DRF is also estimated using a simple method. Based 

on the values in Bond et al. (2013), Kelesidis et al. (2022) proposed to use an average 

absorption forcing efficiency of 170 ± 43 Wm−2 /AAOD. Similar to Kelesidis et al. 

(2022), the DRF is estimated by multiplying the estimated AAOD by 170 ± 43 Wm−2 

/AAOD. Similarly, the misassigned DRF is also estimated by multiplying the mis-

assigned AAOD by 170±43Wm-2 /AAOD.” 

Comments: Figure 9. “The global mean BC AAOD calculated using different models”. 

What is the most important result of this figure? explain. Perhaps this is one of the most 

important figures in his work. 

Reply: Thanks very much for your comments. We have modified the caption as “The 

global mean BC AAOD was calculated using different models. Our case studies show 

a global mean AAOD value of about 0.0016 to 0.0026, which is significantly affected 

by mixing states and morphology. The AAOD of BC with a fluffy morphology is 

generally larger than that of BC with a compact morphology. Moreover, the predicted 

AAOD does not necessarily increase with increasing coating ratios (decreasing fBC), 

which is due to the shielding effects of the coating materials. Moreover, the AAOD of 

BC with thicker coating materials (smaller fBC) is more sensitive to the size 

distribution.” 

4 Conclusions and Summary 

Comments: In conclusion, try to find explanations for the results obtained and not just 

repeat succinctly what was said in the results. 

Reply: Thanks for your comments. We have added a section to give the implication: 

 “AAE-based methods have been widely used to estimate the absorption of BrC, while 

they are subject to large uncertainties due to the properties of BC. We quantify the 

effects of the microphysical properties of BC based on numerical simulations and 



investigate how the applicability of AAE-based methods varies at different aging 

conditions. From the above, it is clear that using a BC AAE of 1 can provide reasonable 

estimates for BrC absorption, while the deviation from the "true" BrC absorption 

becomes significant as the particles age. This means that the AAE = 1 method can 

provide inaccurate estimates when aged BC is present. In general, regions near emission 

sources, such as urban traffic areas, contain mainly freshly emitted BC. In this case, it 

is reasonable to use the AAE = 1 method. With atmospheric aging, we should adjust 

the AAE values because both the AAE = 1 and WDA methods can sometimes result in 

misallocations of tens of percent of BrC absorption. However, the adjustments should 

differ depending on the aging condition.  As shown in Figure 3-4, for fluffy BC 

partially mixed with coating materials (Df = 1.8 and 0 < F < 1 in this work), ABSBrC = 

0 occurs in most cases when AAE > 1. Therefore, we generally propose a relatively 

larger AAE, while a smaller AAE is recommended for compact BCs, including coated 

and uncoated compact BCs. Recent observations have shown that the average Df is 

often small even for coated BCs in regions far from emission sources. Therefore, we 

prefer larger AAEs. However, there are also more compact BCs in the atmosphere, and 

we should also consider the uncertainties when the real BCs have a compact structure.” 

Besides, we have also rewritten the “Conclusion and summary”: 

“The AAE-based method is commonly used to estimate the absorption of BrC, but may 

provide inaccurate estimates due to the effects of the microphysical properties of BC. 

The goal of this work is not to discuss the use of the AAE-based method, but to assess 

the uncertainties of the AAE-based method. We find that an AAE of 1 can provide a 

reasonable estimate when BC is freshly emitted. Therefore, an AAE of 1 is suggested 

for regions close to the emission source, such as vehicle emission region. However, we 

should also note the uncertainties associated with using an AAE of 1. We estimate an 

ABSBrC range of about -4.8% to 2.7% when using an AAE of 1 for freshly emitted BC. 

However, the ABSBrC range becomes broader when BC is aged, and sometimes ABSBrC 

can be varied in the range of about -34.5% – 38.7%, depending on the aging status and 



morphologies. Therefore, we need to adjust the AAE value when the fixed AAE method 

is applicable to the region consisting of aged BC, such as regions far from the emission 

source. However, even for aged BC, different AAE values should be used for different 

aging conditions, since we show that no fixed AAE is applicable for all cases. 

This work represents the aging condition by assuming a more compact structure, more 

coating materials and a larger F. For different aging processes, the adjustment of AAE 

values should be different. For fluffy BC partially mixed with coating materials (Df = 

1.8 and 0<F<1 in this work), we generally propose a larger AAE, while a smaller AAE 

is recommended for the compact BC. Our results also show that the Mie theory-based 

WDA method does not necessarily improve the estimate, with a corresponding 

ABSBrC range of about -40.8% – 35.7% in our simulation cases, due to the substantial 

WDA deviation between the morphologically realistic BC and the spherical BC. 

At the global level, the use of BC AAE of 1 can lead to a global mean misassigned 

AAOD of about -0.43 – 0.46 × 10−3 resulting in a corresponding global mean mis-

assigned DRF of -0.073 ± 0.0185 to +0.078 ± 0.0198 W/m2. However, for the freshly 

emitted BC, an AAE of 1 does not lead to a significant misestimation of the AAOD. At 

the regional level, for an AAE of 1, the mean mis-assigned AAOD can vary in the range 

of -7.3 to 5.7 × 10−3 in some regions, leading to a mis-assigned DRF of about -1.24 ± 

0.314 W/m2 to +0.97 ± 0.245 W/m2. The WDA method can provide a less accurate 

estimate for BrC absorption, and sometimes in some regions we can see a mean mis-

assigned AAOD of about -22 × 10−3, leading toa mis-assigned DRF of about -3.74 ± 

0.946 W/m2. Therefore, the effects of the microscopic properties of BC should be 

carefully considered when estimating BrC absorption and its direct radiative forcing 

based on the measurements at multiple wavelengths.” 

Comments: Will you prepare any material supplementary? 

Reply: Thanks very much for your question. We have provided supplementary material 

in attached. 



Comments: In summary, the work is very good and could mean a great scientific 

advance in BrC estimates from BC measurements. In addition, it can bring significant 

advances in the estimation of the radiative forcing of absorbing aerosols. 

Congratulations on a great job. 

Reply: Thanks very much for your positive evaluation for our work! 

 

 


