
Response to Reviewers’ comments 

We are thankful to the two reviewers for their thoughtful and constructive comments 
that help improve the manuscript substantially. We have revised the manuscript 
accordingly. Listed below is our point-to-point response in blue to each comment that 
was offered by the reviewers.  

 

Response to Reviewer #1 
 
General comments 
 
This paper presents data from about a 9 year period showing a general decrease in black 
carbon aerosol in Beijing and the implications of that decrease for single scattering 
albedo and radiative forcing. Overall, this work provides a useful study for publication, 
but a number of items should be addressed in the final draft. 
 
First, carefully proofread the paper for grammar, proper word choice, etc.  I list a few 
things below, but I do not list all the errors in the current draft. 
 
Great thanks to the reviewer to point out the grammar and word choice errors. We have 
checked the manuscript thoroughly and corrected the errors. 
 
Second, the MRS method is newly developed and not cited much; thus, I think it would 
be appropriate to provide a bit more detail in your paper on how this method separates 
primary and secondary BrC. If necessary, provide some graphs in the Supplemental. 
 
We assumed that the BC particles were from primary emissions, while babs, Secondary BrC 

was from secondary organic aerosols that were mainly formed through oxidation of 
volatile organic compounds. To meet the assumption that BC and babs, Secondary BrC were 
from different sources and independent, the minimum R2 for babs, Secondary BrC vs. BC was 
the target of this analysis. 
The hourly babs, BrC and eBC measurement data in each month are used to calculate the 
(babs, BrC/eBC) pri by using the minimum R2 method. Fig. R1 shows an example of the 
results in fall in 2020. We then estimate the average babs, Primary BrC in each month by eq. 
(1) where [eBC] refers to the average mass concentration of eBC in this month. The 
average babs, Secondary BrC was determined as the difference between the total babs, BrC and 
babs, Primary BrC. In the revised manuscript, we presented the result of MRS for each month 
in Figure S8. 
                 babs, Primary BrC = (babs, BrC/eBC) pri * eBC          (1) 

 



 
Fig. R1. (babs, BrC/eBC) pri determination by MRS at 370nm in September, October, 
November in 2020. The red line represents the correlation coefficient (R2) between 
hypothetical babs, Secondary BrC and eBC mass as a function of (babs, BrC/eBC) pri_h. The 
shaded area in light tan represents the frequency distribution of observed (babs, BrC/eBC) 
pri. The dashed green line is the cumulative distribution of observed (babs, BrC/eBC) pri. 
 
Following the reviewer’s suggestions, we added Fig. R1 as Fig. S2 in the revised 
manuscript and expanded the discussion on the method in Section 2.3: 
 
“In this study, (babs, BrC/eBC)pri was determined by the newly developed MRS method 
(Wu and Yu, 2016) using mass concentration of BC as a tracer (Wang et al., 2019a). In 
MRS calculation, the correlation coefficients (R2) between measured eBC and 
estimated babs, Secondary BrC was examined as a function of a series of hypothetical (babs, 

BrC/eBC) pri. The (babs, BrC/eBC) pri with the minimum correlation coefficients (R2) 
between BC and babs, Secondary BrC was assumed as the most statistically probable (babs, 

BrC/eBC) pri considering the independent variations between BC and babs, Secondary BrC. 
Based on this method, we first determined the monthly (babs, BrC/eBC) pri with an 
example of analysis of three months in the fall of 2020 (Fig. S2). The babs, Secondary BrC 
was then determined as the difference between the total babs, BrC and babs, Primary BrC.” 
 
 
 
Likewise, I do not understand the Monte Carlo simulations of uncertainties on radiative 
forcing.  Please explain this process better. 
 
The uncertainty of radiative forcing is estimated through Monte Carlo simulations. This 
method has been widely used in previous studies (Lu et al., 2015; Wang et al., 2019b). 
The major source of the uncertainty is from the measurements. The uncertainties of the 
measurements can be represented as one standard deviation (σ) or the coefficient of 
variation (CV = σ divided by the mean) expressed as a percentage. We first estimated 
the CV(λ) of measured babs, BC(λ) as a function of the λ and babs, BC (880). Then we got babs, 

BC(λ) by using a random function following the normal distribution with μ= babs, BC(λ), 
and σ=CV(λ) *μ for 100 000 times. Running the radiative forcing model repeatedly by 
using those babs, BC(λ), we got 100 000 RF values, and the standard deviation could be 
considered as the uncertainty of radiative forcing. 
 



We revised the text as: 
Then we applied normal distributions for measured data with uncertainties provided by 
the calculated CVs and 100 000 simulations by Monte Carlo analysis. After running the 
radiative forcing model repeatedly, the standard deviation of 100 000 RF values could 
be considered as the uncertainty of radiative forcing. 
 
 
Regarding data interpretation, please comment on the fact that in Figure 1, the major 
downshift in eBC concentration corresponds to the switch from one aethalometer to the 
other.  Did the old model have a higher uncertainty or more noisy signal?  Please 
detail the extra correction you refer to in line 93, as this correction plays a role in how 
these data look on Fig 1. 
 
Drinovec et al. (2015) found that the loading of the filter spot results in a linear 
reduction of the instrumental sensitivity for the old version of Aethalometers e.g., AE22. 
As a result, they developed a dual-spot approach and incorporated into the new 
Aethalometer model AE33 which was a new real-time loading effect compensation 
algorithm based on the dual-spot measurements. Compared with AE22, AE33 shows 
high performance and provides reliable eBC measurements. In our study, we conducted 
a three-day inter-comparison between AE33 and AE22 (Han et al., 2017). The results 
showed that AE22 exhibited a high correlation coefficient with AE33, supported by R2 
= 0.99. However, the slope of AE33 vs. AE22 was about 1.38, indicating that AE22 
underestimated the eBC mass concentration about 38%. Thus, we corrected the eBC 
measurements by AE22 from August 2012 to December 2014 according to the 
coefficient (1.38). Also, we have described the correction in detail in the revised 
manuscript. It now reads:  
 
“Because the new version of AE33 using “dual-spot” technique can provide more 
reliable measurements by better correcting the filter-based loading effects (Drinovec et 
al., 2015), we further corrected the eBC measurements of AE22 according to a parallel 
measurement between AE33 and AE22 (R2 = 0.99, slope = 1.38) (Han et al., 2017).” 
 
It is quite interesting that the eBC and CO both drop by nearly exactly the same 
percentage from 2012 to 2020, and yet the emission ratio of delta eBC / delta CO also 
changes, thus indicating a change in primary emission source.  My question is in 
regards to how you calculate the emission ratio - why do you use a mean or initial eBC 
value of zero while you don't for CO?  Provide justification in the text.  Also, if there 
is any uncertainty to performing the calculation this way, what effect would that have 
on your final emission ratio trends? 
 
We thank the reviewer’s comments. The described decreases in CO and eBC are not 
from the same period, e.g., CO is from January 2012 to 2020 and the eBC is from 
August 2012 to 2020. We thank the reviewer for pointing this out. To make it clearer, 
we have changed the graph of CO in the supplement to make the time period the same 



as eBC (Fig. R2). According to the figure, the decrease in CO was about 56% from 
2012 (August 2012 to May 2013) to 2020, which was lower than that of eBC (~71%) 
at the same time.  
Previous studies suggested that almost no natural sources of BC in clean background 
except biomass burning or wild fires, and eBC0 concentration was assumed as zero 
while the 1.25 percentile value of CO0 regarded as its clean background concentration 
(Pan et al., 2011; Subramanian et al., 2010). The reason we did not use zero for CO0 is 
that CO has a life time of 30–90 days in the troposphere, therefore it can be transported 
a long distance causing a regional background value. Comparatively, BC has a much 
shorter lifetime, approximately a week because it can be removed from the atmosphere 
through wet (i.e., in precipitation) and dry deposition to the Earth’s surface. Another 
mainstream approach indicated that both CO0 and BC0 were determined as the averages 
of the 1.25 percentiles during measurements (Kondo et al., 2006; Han et al., 2009). As 
shown in Figure R3, the difference of the annual average △eBC/△CO between the 
two methods is below 1 ng m-3 ppbv-1 with a relative uncertainty ~ 3 - 9%. Most 
importantly, the annual trends of △eBC/△CO are extremely similar indicating that 
calculation of △eBC/△CO with different methods would not affect our conclusion.  
 
Following the reviewer’s comment, we expanded the description in the revised 
manuscript:   
The background concentration of CO (CO0) was determined as the average of 1.25 
percentile in each year, and that of eBC (eBC0) was assumed as zero considering the 
negligible natural sources of BC in the clean background except biomass burning and 
wild fires (Pan et al., 2011; Han et al., 2009) and the short lifetime in the atmosphere 
(Bond et al., 2013). 
 

 
Fig. R2. Annual variation of CO concentration. The median (horizontal line), mean 
(square), 25th and 75th percentiles (lower and upper box), and 10th and 90th percentiles 
(lower and upper whiskers) are also shown. 
 



 
Fig. R3. Comparison of the trends of △eBC/△CO that were calculated with different 
background concentrations. 
 
Talk more about the possible emission sources and how they match to your emission 
ratio calculation. 
BC and CO are both from the emissions of incomplete combustion. △eBC/△CO can 
change significantly depending on fuels and burning conditions, therefore, it is 
challenging to accurately quantify the different emission source contributions to the 
changes in △eBC/△CO, yet it can be very useful for source diagnostics. In our study, 
we mentioned the △eBC/△CO values from biomass burning, coal combustion, 
gasoline vehicles, diesel trucks and heavy-duty vehicles, which showed relatively 
consistent results from previous studies. Following the reviewer’s suggestions, we cited 
more studies to support our conclusions and provided more sufficient BC source 
emissions , e.g., “△ eBC/△CO (4 ~ 6 ng m-3 ppbv-1, representing typical coal 
combustion emission in winter (Wang et al., 2015)”, and “CO is emitted primarily from 
gasoline vehicles which showed the low △eBC/△CO about 3 ng m-3 ppbv-1 while BC 
is dominated from diesel trucks and heavy-duty vehicles (Kondo et al., 2006; Han et al., 
2009)”. 
 
You mention biomass burning as a significant source of BC, and we see in the data that 
BC emissions are decreasing over time.  Can you elaborate on what types of biomass 
burning: wildfires, prescribed fires, residential heating, etc. are prevalent in the study 
area or may be transported over the site? 
 
The major type of biomass burning in June and October are agriculture burning, while 
it is residential burning during other months. Because biomass burning is banned in the 
city and rural area of Beijing, it is dominantly from regional transport to the south and 
southwest. The decrease in BC from biomass burning was mainly due to the policy in 
recent years that prohibits agriculture burning in North China Plain.   
 
Why does the change in primary emission come in 2018, when the clean action plan 
was for 2013-2017?  Did nothing happen until the end of the 5 year plan? 
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Thank the reviewer’s comment. After clean air action from 2013 to 2017, the 
government implemented "Three-Year Action Plan for Blue Sky Defense" from 2018 
to 2021 (www.gov.cn/zhengce/content/2018-07/03/content_5303158.htm) with 
continuous emission controls. Such a policy resulted in a further decrease in eBC and 
then gradually remained stable at lower levels from 2019 to 2020. It should be noted 
that meteorological conditions also played an important role in affecting eBC 
concentrations. To highlight the significant changes due to the Clean Action Plan, we 
changed the description as follows: 
 
“Especially, the mass concentration of eBC decreased by more than 63% and 44% from 
2014 to 2017, and even up to75% in summer from 2012 to 2015, and the △eBC/△CO 
changed differently in different seasons. These results indicate a significant response of 
black carbon aerosol to the “Atmospheric Pollution Prevention and Control Action 
Plan”. Although a temporary increase in eBC and △eBC/△CO (Fig.3 and Fig. S4) in 
2018 suggested a change of primary emissions or meteorological influences, the 
implementation of the "Three-Year Action Plan for Blue Sky Defense" from 2018 to 
2021 (www.gov.cn/zhengce/content/2018-07/03/content_5303158.htm) still resulted in 
a further decrease in eBC and then remained relatively stable at lower levels during 
2019-2020.” 
 
There are a number of places that say ``similar to previous studies'', or something like 
that.  Can you also highlight what is new and different about your measurements that 
make your study unique? 
 
The unique of this study is the long-term measurements and the more comprehensive 
analysis of eBC, BrC and aerosol optical properties, which provide important insights 
into the response of aerosol optical properties to clean air action, and the impact on 
radiative forcing. However, previous studies in Beijing either focused on BC, BrC or 
aerosol optical properties during specific periods, such long-term measurements and 
robust analysis have not been reported yet. The conclusions in previous studies that are 
important to justify our measurements and conclusions were cited in our manuscript.  
Following the reviewer’s suggestions, we expanded some discussions in the revised 
manuscript. For example,  
 “The increase of MEE from 2.6 m2 g-1 in 2019 to 3.6 m2 g-1 in 2020 also suggested a 
significant change in scattering aerosol composition, such as an increase in nitrate 
contribution (Lei et al., 2020)”. 
 “The pronounced diurnal variations of SSA were characterized by afternoon peaks in 
all seasons, consistent with the measurements at 260 m in Beijing (Xie et al., 2019)”.   
 
Discuss Fig 10 some more.  How significant are these numbers in terms of the total 
radiative balance?  What implications for long-term changes to climate do these 
numbers show? 
 



Following the reviewer’s suggestions, we expanded the discussions in the revised 
manuscript.  
“As shown in Fig. 8, the annual mean ΔFR caused by BC was about +3.36 W m−2 in 
2012, close to that previously reported in north China (Yang et al., 2017). Combined 
with the low SSA (annual mean value was about 0.79) in 2012, the negative radiative 
effect caused by scatting aerosols at TOA might be offset by BC, forming an inversion 
layer that exacerbated air pollution. Ding et al. (2016) found that the aerosol-boundary 
layer feedback to unit quantity of BC will be lower in higher aerosol loading case as 
solar radiation weakened. However, ΔFR decreased substantially by 67% (+1.09) in 
2020, suggesting that the BC radiative forcing was largely reduced during last decade 
which would help improve the air quality by reducing aerosol-boundary interaction. 
The relatively lower ΔFR caused by BC in recent years could lead to the negative 
radiative forcing of aerosols at TOA, thereby facilitate the dispersion of air pollutants 
in boundary layer, which will in turn maintain air pollution at a low level. However, the 
ΔFR in 2020 was also much higher than the global annual mean TOA radiative forcing 
0.40 W m−2 (IPCC, 2013), indicating the positive radiative effect of BC in Beijing could 
be continually concerned in future.” 
 
The long-term measurements are essential to reduce the uncertainties of radiative 
forcing in climate models. The response of climate change to BC aerosol would be 
another interesting topic in the future study. For example, Zheng et al. (2020) evaluated 
the climate response to sustained changes in aerosol from 2006 to 2017 in China by 
using a climate model. The results showed that the reductions in aerosols in China may 
exert a mean warming of 0.12 ℃ in the Northern Hemisphere, and also affect the 
precipitation rates in East Asia. The success of Chinese policies to further reduce 
aerosol emissions may bring additional net warming.   
 
Specific comments 
 
Be precise about how you refer to ``9 years of data''.  There are actually large gaps in 
your dataset, as presented in Fig S1. 
Thanks for the comments. The time periods with the missing data were described in the 
manuscript. To clarify, we expanded more in the revised manuscript: 
“Note that the measurements of Aethalometers and CAPS from June 2013 to September 
2014 and from August 2015 to August 2017 were not available. The available data are 
from August 2012 to May 2013, October 2014 to September 2015 and September 2017 
to December 2020.” A more detailed instrument deployment is shown in Fig. S1. 
 
Be consistent with how you refer to black carbon aerosol - you go back and forth 
between ``BC'' and ``eBC''.  I believe you are actually measuring eBC as you defined 
in the methods section.  Make sure to fix the abstract also. 
We thank the reviewer for pointing this out. We have corrected the description of black 
carbon aerosol in the manuscript based on the principle as follows: eBC is used to 
mention our measurement of black carbon aerosol and BC is used in subtitle and 



describing others’ conclusion. We also clarified eBC in the abstract as equivalent BC 
(eBC). 
 
A map of the study area showing the sampling locations would be nice and would 
provide context for Fig 5. 
We thank for this suggestion and added the followed map figure in supplementary. 

 
Fig. R4. Map of the sampling site and surrounding regions. 
 
Are babs and babs,BC the same thing?  I'm looking at equations 2 and 5.  
We thank the reviewer for pointing this out. We have changed equations 2 as: 
 𝑏௦,   ଷ ൌ 𝑒𝐵𝐶 ൈ  𝑀𝐴𝐸                          (2) 

and added the description as follows: 
“After subtracting babs, BC from the total absorption coefficient babs, total at 370 nm, the 
BrC absorption coefficient (babs, BrC) can be estimated with Eq. (5).” 
 
Lines 145, 148, 150 - why aren't these equations separated and numbered like others in 
the paper? 
We have separated and numbered these equations as suggested in supplementary. 
 
Lines 157 and 179 are essentially the same sentence. 
We have removed the sentence in 179. 
 
Fig 1 - the triangles are hard to see.  Also, ``BC'' or ``eBC''? 



We thank the reviewer’s suggestions and have made the following changes in Fig. 1. 

 
Fig. R5. Annual variations of (a) eBC, △eBC/△CO, eBC/PM2.5, (b) bext, SSA and 
MEE. The median (horizontal line), mean (markers), 25th and 75th percentiles (lower 
and upper box), and 10th and 90th percentiles (lower and upper whiskers) are also 
shown, same as below. 
 
Fig 2 - need error bars showing uncertainty or scatter in the data.  Otherwise, we don't 
know how significant the monthly variations are. 
We thank for the reviewer’s comment and have added 25th and 75th percentiles in the 
figure, as shown below. 



 
 

Fig. R6. Monthly variations in (a) eBC, (b) △eBC/△CO and (c) eBC/PM2.5. The mean 
(markers), 25th and 75th percentiles (sticks) are also shown. 

 
Line 175 - actually 2014 had an increase too 
Because only two seasons of the eBC data in 2014 were available we did not make the 
conclusion about the increase in eBC in 2014. According to the review’s comment, we 
have changed the description as “the mass concentrations of eBC were ubiquitously 
decreased in all seasons in 2020 compared to 2012.” 
 
Should ``clean air action plan'' be capitalized as a specific document or law? 
We have added the site of clean air action plan as: 
 
“However, our understanding of the long-term change of black carbon, aerosol optical 
properties and radiative effects as a response to the “Atmospheric Pollution Prevention 
and Control Action Plan” (www.gov.cn/zwgk/2013-09/12/content_2486773.htm) is 
very limited.” 
 
Line 215 - Why is 2012 an exception? 
This is largely due to the low wind speeds in the summer of 2012, which made regional 
transport weaker. Thus, the pollutants are mainly from local emissions in 2012 which 

(a)

(b)

(c)



seems different from other years. 
 
Line 218 - Why is regional transport only important some of the time? 
Previous studies have demonstrated the importance of regional pollution depending on 
meteorological conditions. For example, Guo et al. (2014) elucidated that urban haze is 
regulated by cyclical meteorological conditions. Chen et al. (2021) found that different 
contribution of regional transport to PM2.5 occurred in different season based on 
WRF/CMAQ, e.g., local emissions dominate in winter and regional transport in summer. 
In particular, some severe polluted events are directly caused by meteorological 
variability in Beijing (Zhong et al., 2021). Therefore, different meteorological 
conditions associated with different sources around Beijing result in different relative 
importance (compared to local emissions) of regional transport to Beijing. 
 
Line 315 - How do you know 2020 had a stronger atmospheric oxidation capacity? 
We found that the ratio of BrC absorption to the total absorption increased to 16% from 
2018 to 2020 with the significantly descending babs, Primary BrC/babs, Total BrC ratios (75 % to 
50 %). We then inferred these changes were likely due to enhanced photochemical 
production associated with stronger atmospheric oxidation capacity. We thank the 
reviewer for pointing this out, and we changed the statement as below: 
Note that the average contribution of BrC to the total absorption in summer increased 
to 16 % from 2018 to 2020 likely due to enhanced secondary organic aerosol in OA 
(Lei et al., 2020), and correspondingly the contributions of primary BrC to the total BrC 
absorption decreased from 75 % to 50 %. 
 
Figure 5 - Why not use the same color scale on each plot? 
We have changed the color scale as suggested.  



 
Fig. R7. Bivariate polar plots for hourly eBC mass concentration in the four seasons 
over nine years. 
 
 
Is it necessary to show the top rows of Figures 6 and 7?  These are just Figures 3 and 
4 multiplied by a constant and therefore don't show anything new. 
 
In our study, the directly measured data are bext and light absorption at seven 
wavelengths, while the other variables were calculated based on the measured data. 
Therefore, we present both results in the manuscript so that the readers don’t need to 
multiply the constants to get the values by themselves. We appreciate the suggestion 
and have merged Fig.3 with Fig.6, and Fig.4 with Fig.7 to simplify the illustration.  



 
Fig. R8. Seasonal variations in eBC, eBC/PM2.5, △eBC/△CO, CO, bext, SSA, PM2.5 

and MEE. 

 



Fig. R9. Seasonal variations in eBC, eBC/PM2.5, △eBC/△CO, CO, bext, SSA, PM2.5 

and MEE. 
 
Fig 8 - the colors are hard to see 
We have changed the colors in Fig.8 as below: 

 
Fig. R10. Seasonal variations of (a) babs, BrC, AAE, percentage contribution of (b) 
absorbing components to the absorption coefficient and (c) the proportion of babs, 

Secondary BrC in BrC absorption coefficient at 370nm from 2018 to 2020. 
 
 
  
Technical comments 
 
There are quite a few technical corrections to be made for grammar, word choice, etc.  
Only a few will be listed here; there are too many to write all of them out.  One 
common mistake is missing articles such as ``the''.  Another common confusion is the 
use of ``this'' and ``it'' as subjects in a sentence when these terms are no always clear as 
to what they are referring to. 
Thanks for the reviewer’s comments, we have corrected them as much as we can. 
 
Line 244 - do you mean Fig 6? 

Yes, we have corrected the figure number. 

Line 269 - ``similar'' to what? 
We thank the reviewer for pointing this out. It referred to “similar diurnal variation”. 



To clarify this, we revised this sentence as “Over the nine years, the diurnal variation 
of bext was characterized by higher values at night and lower values during the day in 
all seasons.” 
 
Line 307 - ``similar'' to what? 
We revised this sentence as “As shown in Fig. S8, the monthly variation of BrC 
absorption was pronounced and similar to that of eBC, with high values in January and 
low values in July.” 
 
Line 351 - ``POA'' is never defined 
POA was defined as “primary organic aerosol” in the revised manuscript.  
 
Check the bibliography carefully; there are formatting errors throughout. 
Thanks for the reviewer’s comment, we have checked the bibliography carefully in the 
revised manuscript. 
 
  



Response to Reviewer #2 

The manuscript by Sun et al. investigated black carbon and aerosol optical properties 
from 2012 to 2020 in Beijing, which is an important work to understand long-term 
changes of black carbon, aerosol optical properties and radiative effects after clean air 
action. Here, the authors applied a relatively mature experimental design to conduct a 
long-term observation. The results showed that large reductions in eBC and light 
extinction coefficient of fine particles were about 67 % and 47 %, respectively. And the 
most significant reductions of eBC were occurred in the fall and night time, mainly due 
to the changed primary emissions. Comparatively, SSA and MEE considerable 
increases highlight an increasing importance of scattering aerosols in radiative forcing, 
and a future challenge in visibility improvement due to enhanced MEE. Besides, the 
authors also quantified the primary and secondary BrC, demonstrating an enhanced role 
of secondary formation in BrC in recent years. In the last, the influences on direct 
radiative forcing from changes in BC and BrC are estimated. The whole result analysis 
in this study is systematical, thoughtful and in a well-organized manner. According to 
the state of the art, and the conclusions are supported by the data, so I consider that it 
fulfils the necessary requirements to be published. I recommend it for publication on 
Atmospheric Chemistry and Physics after the authors consider several minor revisions 
to the manuscript. 

We thank the reviewer’s positive comments. 

  

Comments: 

Please clarify eBC in abstract. 

eBC was defined in the abstract as equivalent BC (eBC). 

line 30&34, “during 2018-2020” format should be consistent, please check the full 
text. 

We changed to a consistent format as “during 2018 – 2020”. 

line 63, “accounting for 25 ~ 35% 2010” should be “accounting for 25 ~ 35% in 
2010”. 

We have changed as suggested. 

line 84, ignore the punctuation. Please check the full text. 

We added to the punctuation as: All optical measurements were conducted at the 

Institute of Atmospheric Physics (IAP), Chinese Academy of Sciences (39°58′28″N, 



116°22′16″E) in Beijing. More detail descriptions of this site were given in previous 
study. And check full text carefully. 

line 107, Please check the Spaces after commas in the right subscript of the full text 
(e.g., babs, BC). 

We changed a consistent format as babs, BC. 

line 123, “the correlation (R2)” should be “the correlation coefficients (R2)”. 

Changed as suggested. 

Line 160-170, it would be helpful to compare with a study about the seasonal 
variation of ΔBC/ΔCO in Beijing influenced by vertical transport of BC and wet 
scavenging. (Black carbon emission and wet scavenging from surface to the top of 
boundary layer over Beijing region, JGR-atmosphere, 125(17), 
10.1029/2020JD033096, 2020.) 

Added the reference as suggested. 

line 163, Change “-” to “–” 

Changed as suggested. 

line 186 ~ 187, lack a preposition in this sentence. Please rewrite. 

We rewrote this sentence as: Although eBC decreased by more than 60% in winter 
from 2012 to 2019, the different source contributions to BC were relatively constant 
in winter over eight years as indicated by flat △eBC/△CO (3 ~ 6 ng m-3 ppbv-1). 

line 194, “the diurnal variation of eBC (Fig. 4) showed morning peaks” should be “the 
diurnal variations of eBC (Fig. 4) showed morning peaks”. 

Changed as suggested. 

line 208, diurnal variation of winter in 2020 was not showed in Fig. 4. Please rewrite 
this sentence. 

We rewrote the sentence as: “ we found that the diurnal variations of both △eBC/△
CO and eBC in 2019 and 2020 were less pronounced during four seasons.”  

line 209, “One reason was likely due to the fact that” could be “One reason was likely 
because” 

Changed as suggested. 



line 214, “the eBC presented similar distribution with high concentration in the 
middle and also the… “should be “the eBC presented similar distribution with high 
concentration in the middle and the…”. 

Changed as suggested. 

line 242, “is close to” should be “was close to”. 

Changed as suggested. 

line 244, “Fig. 7” should be “Fig. 6”. 

Corrected. 

Please check the spaces of the full text (like line 107, e.g., babs, BC). 

We thank the reviewer’s comment and check full text carefully.  

Line 310-315, a study which observed enhanced BrC contribution on absorption when 
heavy pollution could be referenced. (In situ vertical characteristics of optical 
properties and heating rates of aerosol over Beijing, Atmospheric Chemistry and 
Physics, 20(4), 2603–2622, 10.5194/acp-20-2603-2020, 2020.) 

We thank the reviewer’s suggestion and add the reference as suggested. 

 
  



 

Refrences 
Bond, T. C., Doherty, S. J., Fahey, D. W., Forster, P. M., Berntsen, T., DeAngelo, B. J., Flanner, M. G., 
Ghan, S., Kärcher, B., Koch, D., Kinne, S., Kondo, Y., Quinn, P. K., Sarofim, M. C., Schultz, M. G., 
Schulz, M., Venkataraman, C., Zhang, H., Zhang, S., Bellouin, N., Guttikunda, S. K., Hopke, P. K., 
Jacobson, M. Z., Kaiser, J. W., Klimont, Z., Lohmann, U., P., S. J., Shindell, D., Storelvmo, T., Warren, 
S. G., and Zender, C. S.: Bounding the role of black carbon in the climate system: A scientific assessment, 
J. Geophys. Res.-Atmos., 118, 5380-5552, 10.1002/jgrd.50171, 2013. 
Chen, D., Xia, L., Guo, X., Lang, J., Zhou, Y., Wei, L., and Fu, X.: Impact of inter-annual meteorological 
variation from 2001 to 2015 on the contribution of regional transport to PM2.5 in Beijing, China, Atmos. 
Environ., 260, 118545, https://doi.org/10.1016/j.atmosenv.2021.118545, 2021. 
Ding, A. J., Huang, X., Nie, W., Sun, J. N., Kerminen, V. M., Petäjä, T., Su, H., Cheng, Y. F., Yang, X. 
Q., Wang, M. H., Chi, X. G., Wang, J. P., Virkkula, A., Guo, W. D., Yuan, J., Wang, S. Y., Zhang, R. J., 
Wu, Y. F., Song, Y., Zhu, T., Zilitinkevich, S., Kulmala, M., and Fu, C. B.: Enhanced haze pollution by 
black carbon in megacities in China, Geophys. Res. Lett., 43, 2873-2879, 10.1002/2016gl067745, 2016. 
Drinovec, L., Močnik, G., Zotter, P., Prévôt, A. S. H., Ruckstuhl, C., Coz, E., Rupakheti, M., Sciare, J., 
Müller, T., Wiedensohler, A., and Hansen, A. D. A.: The "dual-spot" Aethalometer: an improved 
measurement of aerosol black carbon with real-time loading compensation, Atmos. Meas. Tech., 8, 1965-
1979, 10.5194/amt-8-1965-2015, 2015. 
Guo, S., Hu, M., Zamora, M. L., Peng, J., Shang, D., Zheng, J., Du, Z., Wu, Z., Shao, M., Zeng, L., 
Molina, M. J., and Zhang, R.: Elucidating severe urban haze formation in China, Proceedings of the 
National Academy of Sciences, 111, 17373, 10.1073/pnas.1419604111, 2014. 
Han, S., Kondo, Y., Oshima, N., Takegawa, N., Miyazaki, Y., Hu, M., Lin, P., Deng, Z., Zhao, Y., 
Sugimoto, N., and Wu, Y.: Temporal variations of elemental carbon in Beijing, J. Geophys. Res.-Atmos., 
114, 16, 10.1029/2009jd012027, 2009. 
Han, T. T., Xu, W. Q., Li, J., Freedman, A., Zhao, J., Wang, Q. Q., Chen, C., Zhang, Y. J., Wang, Z. F., 
Fu, P. Q., Liu, X. G., and Sun, Y. L.: Aerosol optical properties measurements by a CAPS single scattering 
albedo monitor: Comparisons between summer and winter in Beijing, China, J. Geophys. Res.-Atmos., 
122, 2513-2526, 10.1002/2016jd025762, 2017. 
IPCC: Climate Change 2013: The Physical Science Basis, 2013. 
Kondo, Y., Komazaki, Y., Miyazaki, Y., Moteki, N., Takegawa, N., Kodama, D., Deguchi, S., Nogami, 
M., Fukuda, M., Miyakawa, T., Morino, Y., Koike, M., Sakurai, H., and Ehara, K.: Temporal variations 
of elemental carbon in Tokyo, J. Geophys. Res.-Atmos., 111, 17, 10.1029/2005jd006257, 2006. 
Lei, L., Zhou, W., Chen, C., He, Y., Li, Z., Sun, J., Tang, X., Fu, P., Wang, Z., and Sun, Y.: Long-term 
characterization of aerosol chemistry in cold season from 2013 to 2020 in Beijing, China, Environ. Pollut., 
268, 9, 10.1016/j.envpol.2020.115952, 2020. 
Lu, Z., Streets, D. G., Winijkul, E., Yan, F., Chen, Y., Bond, T. C., Feng, Y., Dubey, M. K., Liu, S., Pinto, 
J. P., and Carmichael, G. R.: Light absorption properties and radiative effects of primary organic aerosol 
emissions, Environ. Sci. Technol., 49, 4868-4877, 10.1021/acs.est.5b00211, 2015. 
Pan, X. L., Kanaya, Y., Wang, Z. F., Liu, Y., Pochanart, P., Akimoto, H., Sun, Y. L., Dong, H. B., Li, J., 
Irie, H., and Takigawa, M.: Correlation of black carbon aerosol and carbon monoxide in the high-altitude 
environment of Mt. Huang in Eastern China, Atmos. Chem. Phys., 11, 9735-9747, 10.5194/acp-11-9735-
2011, 2011. 



Subramanian, R., Kok, G. L., Baumgardner, D., Clarke, A., Shinozuka, Y., Campos, T. L., Heizer, C. G., 
Stephens, B. B., de Foy, B., Voss, P. B., and Zaveri, R. A.: Black carbon over Mexico: the effect of 
atmospheric transport on mixing state, mass absorption cross-section, and BC/CO ratios, Atmos. Chem. 
Phys., 10, 219-237, 2010. 
Wang, Q., Liu, S., Zhou, Y., Cao, J., Han, Y., Ni, H., Zhang, N., and Huang, R.: Characteristics of Black 
Carbon Aerosol during the Chinese Lunar Year and Weekdays in Xi’an, China, Atmosphere, 6, 195-208, 
10.3390/atmos6020195, 2015. 
Wang, Q., Han, Y., Ye, J., Liu, S., Pongpiachan, S., Zhang, N., Han, Y., Tian, J., Wu, C., Long, X., Zhang, 
Q., Zhang, W., Zhao, Z., and Cao, J.: High Contribution of Secondary Brown Carbon to Aerosol Light 
Absorption in the Southeastern Margin of Tibetan Plateau, Geophys. Res. Lett., 46, 4962-4970, 
10.1029/2019gl082731, 2019a. 
Wang, Q., Ye, J., Wang, Y., Zhang, T., Ran, W., Wu, Y., Tian, J., Li, L., Zhou, Y., Hang Ho, S. S., Dang, 
B., Zhang, Q., Zhang, R., Chen, Y., Zhu, C., and Cao, J.: Wintertime Optical Properties of Primary and 
Secondary Brown Carbon at a Regional Site in the North China Plain, Environ. Sci. Technol., 53, 12389-
12397, 10.1021/acs.est.9b03406, 2019b. 
Wu, C. and Yu, J. Z.: Determination of primary combustion source organic carbon-to-elemental carbon 
(OC / EC) ratio using ambient OC and EC measurements: secondary OC-EC correlation minimization 
method, Atmos. Chem. Phys., 16, 5453-5465, 10.5194/acp-16-5453-2016, 2016. 
Xie, C., Xu, W., Wang, J., Wang, Q., Liu, D., Tang, G., Chen, P., Du, W., Zhao, J., Zhang, Y., Zhou, W., 
Han, T., Bian, Q., Li, J., Fu, P., Wang, Z., Ge, X., Allan, J., Coe, H., and Sun, Y.: Vertical characterization 
of aerosol optical properties and brown carbon in winter in urban Beijing, China, Atmos. Chem. Phys., 
19, 165-179, 10.5194/acp-19-165-2019, 2019. 
Yang, Y., Wang, H., Smith, S. J., Ma, P.-L., and Rasch, P. J.: Source attribution of black carbon and its 
direct radiative forcing in China, Atmos. Chem. Phys., 17, 4319-4336, 10.5194/acp-17-4319-2017, 2017. 
Zheng, Y., Zhang, Q., Tong, D., Davis, S. J., and Caldeira, K.: Climate effects of China’s efforts to 
improve its air quality, Environmental Research Letters, 15, 10.1088/1748-9326/ab9e21, 2020. 
Zhong, J., Zhang, X., Wang, Y., Sun, J., Shen, X., Xia, C., and Zhang, W.: Attribution of the worse aerosol 
pollution in March 2018 in Beijing to meteorological variability, Atmos. Res., 250, 
10.1016/j.atmosres.2020.105294, 2021. 
 


