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Response to Reviewer 1 

 

This paper is well written and has considered many aspects in terms of absorption 

enhancement of BC, but it will be more convincing after addressing the following 

points: 

We thank the reviewer for his or her thoughtful and thorough reviews. Point-by-point 

responses to the comments are attached below. We have made corresponding 

modifications/revisions based on the inputs, and these changes are marked in the 

revised manuscript.  

 

The Eabs vs Ox and SSA vs Ox plots seem crucial, however it seems only overall hourly 

mean values (from the diurnal variation of entire experimental period) was used, I 

would say maybe making the scattering plot for all of the data points (maybe hourly 

average), then bin it in Ox, for each bin, giving the mean/median/percentile etc. you 

need to make this plot solid, also give the fitting function in the plot. 

Diurnal variations in atmospheric chemistry would be influenced by underlying daily 

patterns in emissions, oxidation chemistry, and meteorological variables, all of which 

could plausibly influence both Eabs and Ox. Such influences could obscure values 

binned by Ox averages. We therefore believe diurnal averages are the most appropriate 

way to treat the influence of atmospheric photochemical aging on the mixing state and 

optical properties of BC containing particles. 

We note that in gas-phase radical chemistry (Monks, 2005) and photochemical 

oxidation chemistry (Liu et al., 2012; Whalley et al., 2018), diurnal variation is used 

for modeling analysis because it reduces the influence caused by day to day variations 

in weather conditions and provides a clearer trend of the observed parameter.  
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It would be useful to point out Ox actually may just determine how much secondary 

aerosol is formed, i.e. increasing the overall ensemble of PM, then increase SSA. 

There may not be too much exciting to see the Ox positively correlated with SSA. 

Done. We added the clarification in Section 3.3 in the revised manuscript.  

Positive correlations between ω, ωTD and Ox concentrations were observed in 

our measurements (Fig. 6 (a) and (b)), which suggests that higher Ox actually 

increases the mass fraction of secondary aerosol particles and the overall 

ensemble of particle material and SSA. The increase in SSA under higher Ox 

concentrations suggests a higher contribution from secondary aerosols formed 

during daytime photochemical processing. 

 

The collapse concept is repeatedly discussed but there is no support in your work, 

how could you say the flat Eabs (even may not be flat after you put all data points in) 

in the medium Ox is compact soot or not? Could you somehow prove the collapse you 

are “guessing”? if you can’t prove, it is not necessary to emphasize this at many 

places but just report the solid results you have.  

Done. Since we do not have microscopic images to support our speculation, we 

removed the emphasis on the collapse concept in the revised manuscript.  

 

What is the reason to plot TD vs Ox? That means some of the low-volatile coating has 

not been removed, then you will underestimate the Eabs? (it has been mentioned in the 

text but would be good if this could be properly included) 

Liu et al. (2015) report on the comparison of Eabs measured with two different 

methods: TD operating at 250 °C and MAE (mass absorption efficiency) method. 

They found that Eabs values with these two methods agreed closely, which indicated 

that the non- and low-volatile coating did not have a notable impact on Eabs’s 

measurement. In this work, the TD was operated at 300 °C and the low-volatile 

coating should not affect the measurement.  

Our reported diurnal hourly average TD ranged from 0.50 to 0.61, which is 

comparable with the range (0.50 - 0.60, λ = 405 nm) reported by Radney et al. (2014) 

for laboratory-generated soot aerosol. In Fig. 6(b), we can see that TD increased as 

the increasing of the Ox concentration, which is mostly due to the morphology change 

during photooxidation aging (China et al., 2015). Recent results reported by Peng et al. 

(2016) and Y. Wu et al. (2018) show that aging causes dramatic changes of BC 

particle morphology and leads to more compact black carbon. As demonstrated by 

Radney et al. (2014) and Forestier et al. (2018), particle collapse leads to an increase 
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of . In this regard, the plot of TD vs Ox can be used as an indicator for the changes 

of BC morphology. 

 

We added following discussion in the revised manuscript.  

The increase in ωTD resulted from incomplete vaporization of non-volatile 

constituents in the heating tube (Cheung et al., 2016), the generation of 

low-volatility oxygenated organic aerosol during photochemical aging (Paciga 

et al., 2016), and the changes of BC morphology (Radney et al., 2014). Summer 

time volatility measurement of organic aerosol in the megacity Paris shown that 

about 10% mass fraction remained with a TD operating at 180 ºC (Paciga et al., 

2016). However, recent research demonstrated that the remaining non- and 

low-volatile coating has a minor impact on the absorption measurement of 

heated particles using TD operating at 250 °C (Liu et al., 2015). Theoretical and 

experiment results show that aging causes the dramatic changes of BC particle 

morphology (China et al., 2015; He et al., 2015; He et al., 2016; Scarnato et al., 

2013; Wang et al., 2017) and leads to more compact black carbon with higher 

scattering cross sections (Peng et al., 2016; Y. Wu et al., 2018), which in turn 

results in an increase of TD (Radney et al., 2014; Forestier et al., 2018). In this 

regard, the rise in TD with increasing Ox concentration can be used as an 

indicator for the changes of BC morphology. 
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For your calculation at section 3, could you point out the uncertainty you have by 

assuming the fixed core size? But I presume you need to use a size distribution of core 

size? And how did you apply the coated size distribution upon core size? 

Since we did not have particle size distribution information in this study, we assumed 

monodisperse particles in the Mie calculation. This method follows that demonstrated 

by Saleh et al. (2015).  

 

We added the following discussion in the revised manuscript.  

In this work, the particle size distribution information was not available. A 

method based on single-particle core-shell Mie theory (Bohren and Huffman, 

1983; Saleh et al., 2015) was developed to interpret the proposed three-stage 
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aging mechanism observed in this work. The sensitivity of this assumption is 

discussed in Sect. S6 in the supplement. 
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We added following discussion in the Sect. S6 in the supplement. 

 

Figure S15: Comparison of the Mie theory results of Eabs with monodisperse BC core 

with 160 nm diameter and polydisperse size distributions with a geometric standard 

deviation of 1.6 and mode diameters of 160, 120, 100, and 80 nm, respectively. The 

parameters used for the calculation are the same as in Fig. 7. Polydisperse BC core 

sizes have larger Eabs values than monodisperse BC core; however, the trends of Eabs 

values are same. We use an optimization process for determining Dcore, Dshell, and kshell; 

similar trends show that monodisperse BC core can be used for the interpretation of 

the measurement data.  
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Figure S16: Fractional contribution of the lensing effect (fLens), the absorption of BC 

(fBC) and the shell (fShell) to absorption enhancement with different BC core sizes as 

Fig. S15. The trends of the diurnal pattern are similar. The differences between these 

calculations are less than 10%. 

 

I am still struggling to understand what is the point for section 4, your results on the 

Eabs only represent a single ground measurement with limited sources, not even open 

biomass burning etc. how could be recommend for global models. Also, the surface 

measurement cannot necessarily represent the columnar information. I would hesitate 

to expand your work that big given you haven’t really done this job. 

Done. We removed this section from the revised manuscript. 

 


