
We would like to thank the referee for providing valuable comments on our 

manuscript and we have carefully addressed the referee’s comments point-by-point as 

follows (referee’s comments in black and our responses in red): 

 

Referee’s general comments: 

1. Regarding methodology, some of the (important) details of are not readily 

available, which also caused some difficult time (at least for me) understanding 

some parts of the manuscript. For example, the details of how NCCN was derived 

for each scheme are not available (Pg 22 and Table 4). (Pg 27 lines 19-20) It is not 

clear what “average data” and “individual data” exactly mean. Were the average 

data derived from the average over the whole campaign? Does “individual data” 

mean the same as “real time data”? 

 

Response： 

The prediction of NCCN using activation curve means that the NCCN was calculated 

based on eq. 6 (L21 on p.14). The activation curve can either be real time (Scheme 

1 in Table 4) or average (Scheme 2 in Table 4). The prediction of NCCN using the 

D50 means that the NCCN was calculated based on eq. 7 (L6 on p.15) from either 

real time data (Scheme 3 in Table 4) or average data (Scheme 4 in Table 4).The 

D50 was determined from fitting the size-resolved activation ratio by eq. 4 (L14 on 

p.13). All the above schemes (Schemes 1-4) use an unadjusted surface tension of 

water (σs/a=0.072 N m
-1

). Scheme 5 predicts NCCN using activation curve from real 

time data and it uses an adjusted surface tension of water (σs/a
*
=0.058 N m

-1
). The 

‘average data’ refer to as the data that average over the whole period of the 

campaign. The ‘individual data’ is the same as ‘real time data’.  

 

Changes in the manuscript: 

Now to avoid confusion, we have replaced ‘individual data’ with ‘real time data’ 

in the manuscript. We have now modified the relevant paragraphs in section 2.3.3 

(previously misspelled 2.3.4) as follows, 

 

L5-7 on p.14: “Figure 1 is the schematic diagram of the four approaches we 

followed to predict NCCN based on the above two measured datasets. In the first 

approach (I in Fig. 1), the mixing state and size dependence were taken into 

account.” 

 

L11-14 on p.14: “A particle with a κ value higher than κcritical(Dp,SS) was 

considered to be activated as an CCN (Fig. 1a) and the shadow area represented 



the particles which can be activated as CCN for a known diameter and SS.” 

 

L17 on p.14 to L12 p.15: “This approach is similar to the one employed in 

Kammermann et al. (2010), however, we used the size-resolved activation ratio 

(ARSR) to calculate the NCCN. The ARSR was determined by fitting the AR(Dp,SS) 

to the diameter Dp using eq. 4 for the five measured diameters (Fig. 1d). Thus, the 

calculated NCCN using the activation ratio can be expressed as (Fig. 1e): 

𝑁𝐶𝐶𝑁(𝑆𝑆) = ∫ 𝐴𝑅𝑆𝑅(𝐷𝑝, 𝑆𝑆)𝑁𝐶𝑁(𝐷𝑝)𝑑𝐷𝑝
∞

0
        (6) 

In the second approach (II in Fig.1), the particles were assumed to be internally 

mixed. The D50 was determined by fitting the AR(Dp,SS) to the diameter Dp (Fig. 

1d). The NCCN was obtained by integrating the cloud nuclei concentration for 

particles larger than D50 based on the particle size distribution (Fig. 1f), according 

to the following equation (eq. 7): 

𝑁𝐶𝐶𝑁(𝑆𝑆) = ∫ 𝑁𝐶𝑁(𝐷𝑝)𝑑𝐷𝑝
∞

𝐷50
                (7) 

In the third and fourth approaches (III and IV in Fig.1), the particles were also 

assumed to be internally mixed. We then calculated the κ value according to the 

ZRS rule (eq. 8) based on the AMS measurements. 

κ = ∑ εii κi                   (8) 

where εi is the volume fraction of each component in the particles, κi is the κ 

value of each component.” 

 

L6-10 on p.16: “Here instead of being determined from fitting of ARSR to Dp used 

in the second approach, the D50 was calculated from the above κ values using eq. 5. 

In the third approach, the κ values were size-resolved because the chemical 

composition of the particles was size dependent (Fig. 1b). In the fourth approach, 

the particles were assumed to have the same chemical composition and 

hygroscopicity as those in PM1 (Fig. 1c). The NCCN was then predicted using eq. 7 

(Figs. 1g and 1h).” 

 

Since we moved eq. 9 forward to eq. 7, we hence modified the numbers of the 

subsequent equations in order, i.e., original eq. 7 to eq.8, 8 to 9, etc. We have also 

modified Fig. 1 for better clarification. 



 

Fig. 1. A schematic representation of NCCN prediction based on the H-TDMA and 

the AMS measurements. The NCCN can be predicted based on the fitted activation 

ratio (approach I) and the D50 (approach II) both obtained from the H-TDMA 

measurement, the size-resolved composition (approach III) and the bulk PM1 

composition (approach IV) both obtained from the AMS measurement. Panel (a) is 

the representation of calculating the activation ratio for a specific diameter and SS 

and the shadow area represents the particles which can be activated as CCN; (b) 

and (c) are the representations of the κ values obtained respectviely from 

size-resolved chemical composition and bulk chemical composition; (d) is the 

reprentation of fitting the activation ratio to the particle diameter Dp (red dot); (e), 

(f), (g), and (h) are the representations of predicting the NCCN using the four 

approaches respectviely and the shadow area repsents the particles which can be 

activated as CCN. 

 

Pg 10 line 12, what reference data of ammonium sulfate were used in the CCN 

calibration are not provided. 

 

Response: 

The density and molecular weight of ammonium sulfate were assumed to be 1770 

kg m
-3

 and 0.132141 kg mol
-1

, respectively.  

 

Changes in the manuscript: 

We have added three sentences on L15-20 on p.10 regarding the CCN calibration, 



“Previous studied showed that different parameterizations in the Köhler theory can 

retrieve different critical supersaturations (Rose et al., 2008; Wang et al., 2017). 

When performing the CCNc calibration, we assumed the density and molecular 

weight of ammonium sulfate to be 1770 kg m
-3

 and 0.132141 kg mol
-1

, 

respectively. We also set the temperature and the pressure to 298.15 K and 1026 

hPa, respectively. A temperature gradient ∆T of about 3-8 K in the CCNc column 

was also used in the calibrations.” 

 

Pg 12 line 21, have the authors considered or corrected the contribution of 

double-charged particles? Also in figure 4, are these curve raw data or fitted curve? 

Have they been corrected for the contribution of double-charged particles? The 

double-charged particles may contribute to the measured AR in figure 7 and 

GF-PDF in figure 5. 

 

Response: 

The contributions of multiply charged particles were taken into account and we did 

the multiply charged correction for the SMCA, SMPS and H-TDMA data when the 

data were inverted. Thus the effects of multiply charged particles in Figs. 5 and 7 

have been considered. Figure 4 shows the fitted curve of the activation ratio 

measured by the SMCA, which has also been corrected for the contribution of 

doubly charged particles.  

 

Changes in the manuscript: 

We have now incorporated the above discussion to L16-18 on p.12, “Note that we 

include multiply charged correction for the SMCA, SMPS and H-TDMA data 

when the data were inverted so that the contributions of the multiply charged 

particles were accounted for all the measured particle data.” We have modified the 

caption of Fig. 4 for clarification, “Fig. 4. The sized resolved activation ratios 

measured by the SMCA at four different supersaturations. Note that the curves 

were fitted according to the SMCA measurements.” 

 

2. The authors mentioned in the motivation part that “only a few studies were 

conducted to measure Κ in the Pearl River Delta” and the site is “an ideal 

location to investigate the influence of local anthropogenic emissions on the 

particles properties”. However, based on the findings of this studyit is not 

established for me how the results on CCN activation is related to the 

“speciality”(strong anthropogenic emission) of PRD compared to the 

observations in other places. It might be worthy discussing this aspect. 

 



Response:  

We thank the referee for raising this important issue. Guangzhou locates almost at 

the center of the PRD region in which the air quality is significantly affected by 

local anthropogenic emissions. The physical and chemical properties of 

atmospheric particles in Guangzhou could be different from those in remote areas. 

Recently, Cai et al. (2017) compared the hygroscopicity and chemical composition 

between Guangzhou and Cape Hedo in Japan, a marine site rarely affected by 

human activities. The results showed that the less- and non-hygroscopic modes of 

atmospheric particles in Cape Hedo could hardly be observed, implying that 

particles tend to be internally mixed at this marine location. Meanwhile, 

atmospheric particles in Guangzhou have a higher degree of external mixing 

because Guangzhou was affected by more anthropogenic emissions than in Cape 

Hedo. As we presented in this paper, the mixing state could affect the activation 

ratios and the NCCN prediction. Chemical composition could also affect the CCN 

activity. The results showed that atmospheric particles were dominated by sulfate 

in Cape Hedo and organics in Guangzhou, which could lead to different CCN 

activity. In addition, Mochida et al. (2010) measured the size-resolved CCN 

activity in Cape Hedo. Their results showed that the activation curve at 0.1% SS 

in Cape Hedo were steeper than that in Guangzhou. The D50 in Cape Hedo was 

lower than that in Guangzhou, indicating that particles were easier to be activated 

as CCN in Cape Hedo than in Guangzhou.  

 

Changes in the manuscript: 

We have added several sentences in two paragraphs to show the effect of 

anthropogenic emissions on the CCN activity,  

 

L7-10 on p.17: “Mochida et al. (2010) measured the size-resolved CCN activity in 

Cape Hedo, a remote marine site rarely affected by anthropogenic emissions. The 

results showed that the D50 at 0.1% SS in Cape Hedo was about 130 nm, much 

larger than that in Guangzhou, leading to higher hygroscopicity of atmospheric 

particles in Cape Hedo than that in Guangzhou.” 

 

L20 on p. 21 to L3 on p.22: “Cai et al. (2017) compared the Gf-PDF between 

Guangzhou and Cape Hedo and the results showed that only more-hygroscopic 

(MH) particles were observed in Cape Hedo, indicating that atmospheric particles 

tend to be more internally mixed in Cape Hedo than in Guangzhou. Meanwhile, 



atmospheric particles in Guangzhou have a higher degree of external mixing 

affected by more anthropogenic emissions, which in turn affect the CCN activity.” 

 

3. The difference between the calculated AR and measured AR was attributed to the 

surface tension change of droplets by organics. I am not sure whether this is 

robust. There are contributions of other factors. For example, “sparingly soluble” 

compounds may play a role, which the authors also mentioned. (Pg 20 L18-19) 

After adjusting the surface tension, the correlation between the calculated AR and 

measured AR is still not good and quite some data over-estimated the AR. This 

is also an indication that other factors than the surface tension may play a role. 

 

Response: 

The referee raised a very good point on the factors which affect the agreement 

between the calculated AR and the measured AR. The H-TDMA measures the 

hygroscopicity of the particles regardless of their compositions. For particles 

containing non-hygroscopic compounds, e.g., the sparingly soluble compounds, a 

unity of growth factor was measured in the H-TDMA, while for those with 

hygroscopic compounds, a growth factor greater than unity was measured. Thus 

the impact of the sparingly soluble compounds in the particles was taken into 

account when the AR was calculated. However, we agree that factors other than 

surface tension may also play roles. Previous studies found that the hygroscopicity 

of the particles measured by the H-TDMA could be lower than that measured by 

the CCNc (Chan et al., 2008; Pajunoja et al. 2015; Petters et al., 2009; Hansen et 

al., 2015; Hong et al., 2014) which might be attributed to low soluble compounds 

in the particles. However, the contributions of low soluble compounds cannot 

currently be quantitatively evaluated. Laboratory experiments showed that the 

CCN activity would increase by adding organics to sulfate ammonium particles 

(Engelhart et al., 2008). Our study found that the calculated AR values were 

systematically lower than the measured ones if a value of 0.072 N m
-1

 was used 

for the surface tension. We hence believe that the surface tension might play a 

major role in the AR prediction than other factors, i.e. the effect of “sparingly 

soluble” compounds. Indeed, as we showed in the paper, the R
2
 of the fitting 

between the measured AR and the calculated AR became higher and the δAR 

approached to zero by adjusting the surface tension from 0.072 N m
-1

 to 0.058 N 

m
-1

 (Fig. 8), suggesting that the AR prediction could be greatly improved by 

simply adjusting the value of the surface tension. Because we use a single σs/a 

value (i.e., 0.058 N m
-1

) for all size particles in the AR prediction, it could lead to 



over- or under-prediction of the AR for a specific particle size. For example, the 

AR for 150 nm particles at 0.1% SS was overestimated by using a σs/a value of 

0.058 N m
-1

.   

 

Changes in the manuscript: 

We have added several sentences to discuss the factors that could cause the 

difference between the calculated AR and measured AR in L7-14 on p.23,  

“Note that the surface tension is not the only factor that determines the AR and 

other factors such as the sparingly soluble compounds in the particles may 

contribute to the AR, although they are currently not understood. Previous studies 

found that the hygroscopicity of the particles measured by the H-TDMA could be 

lower than that measured by the CCNc (Chan et al., 2008; Pajunoja et al. 2015; 

Petters et al., 2009; Hansen et al., 2015;Hong et al., 2014) which might be 

attributed to low soluble compounds in the particles. The deviation of the 

calculated AR from the measured AR is probably dependent on the degree of 

dissolution of particles and the oxidative state of the organics in the particles.” 

 

Specific comments: 

1. Pg 2 line 2, it was mentioned that “…κH-TDMA value was slightly smaller than 

the κCCN one at all diameters…”. However, Pg 17, lines 3-4, it was written that 

“Figure 3 showed that the κHTDMA values were lower than those of the 

corresponding κCCN at most of the SS…”. Please clarify the difference of these 

two statements. 

 

In Fig. 3, the D50 at a specific supersaturation was the fitted parameter from eq. 4 

based on the CCN measurements. For clarification, we have changed the sentence 

“ …the corresponding κCCN at most of the SS…” to  “ …the corresponding κCCN 

at most of the particle sizes…”(L12 on p. 18). 

 

2. Pg 2 line 6, “…be lower than that from the H-TDMA measurement”, by 

“HTDMA measurement”, do you mean the CCN measurement? It is somewhat 

confusing. 

 

The sentence has been revised to “…be lower than that from the CCN 

measurements” (L6 on p.2) 

 

3. Pg 2 lines 13-14, “The NCCN values predicted from bulk PM1 were higher 

(~11.5%)…” It might be better to write “bulk chemical composition of PM1”. 

 



The sentence has been revised to “The NCCN values predicted from bulk chemical 

composition of PM1 were higher (~11.5%)…” (L13-14 on p.2) 

 

4. Pg 6 lines 8-10, “… CCN activity that was characterized by three important 

parameters: activation diameter (D50), CCN number concentration (NCCN), and 

activation ratio (AR). ” The CCN activity actually depends on the chemical 

composition and particle size (Farmer, Cappa et al. 2015), but is not characterized 

by CCN number concentrations. 

 

The sentence has been revised to “… CCN activity that was characterized by two 

important parameters: activation diameter (D50) and activation ratio (AR).” (L8-9 

on p.6) 

 

5. Pg 8 lines 1-2, the understanding of relationship between the CCN activity and its 

controlling factors seems to be not much related to the policy-making on air 

pollution control. Maybe it is related to the climate-related policy-making. 

 

The “air pollution control” has been changed to “climate-related policy-making” 

(L2 on p.8) 

 

6. Pg 9 line 10, was neutralizer also used before the 2nd DMA? 

 

The particles were charged in the inlet before it enters the first DMA. There was 

no neutralizer before the second DMA.  

 

7. Pg 16 L8-10, “Aerosol particles with larger sizes were more readily exposed to 

complex atmospheric composition during their aging process...”, it is not clear 

why “larger particles were more exposed to complex atmospheric composition 

during their aging process”. Also see Pg 26 L15-16. 

 

After careful consideration, we found the first sentence did not contribute 

substantially to the main point in Fig. 2. We therefore deleted it to avoid confusion. 

We have modified the second sentence for clarification (L19-21 on p.29), “The 

results show that the deviation between κAMS and κCCN became larger at low 

supersaturation ratios, indicating that the organic components in larger size 

particles were more aged and hygroscopic.” 

 

8. Pg 17 L7-8, is the difference between κAMS and κCCN and κH-TDMA statistically 

significant? It might be helpful to comment this. 

 



We have added a sentence in L9-11 on p. 18, “As shown in Fig. 3, the difference 

between κCCN and κH-TDMA is statistically insignificant at all employed diameters, 

while the one between κAMS and κCCN became statistically significant at larger 

sizes of the particles.” 

 

9. Pg 17 L15-17, has the fraction of less hygroscopic compounds (eg. organics) 

decreased together with the increase of nitrate fraction? 

 

We have revised the sentence in L10-14 on p.19, “..., suggesting an increase of the 

aerosol hygroscopicity, which might result from an increasing mass fraction of 

nitrate in recent years (Zhang et al., 2015; Itahashi et al., 2018), although the 

fraction decrease of less hygroscopic compounds is not as significant as the 

fraction increase of the nitrate. However, the fraction of the non-hydroscopic 

compounds (i.e. EC) decreases more rapidly than the organic compounds.” 

 

10. Pg 18 L17-19, it is not clear for me why the decrease of GF of less-hygroscopic 

mode and increase of more-hygroscopic mode with increasing particle size 

indicate that large particles are “tend to be internally mixed”. Don’t they indicate 

the larger particles are more externally mixed? 

 

We have added several sentences after “…, indicating that larger particles tend to 

be internally mixed”(L19 on p.20 to L3 on p.21), “Since less-hygroscopic 

particles were usually associated with externally mixed black carbon (BC) or fresh 

organics and more-hygroscopic particles usually represent the inorganics matters 

or BC coated with inorganics matters (internally mixed). The decrease of peak 

area of less-hygroscopic mode and the increase of more-hygroscopic mode 

indicate that the number fraction of less-hygroscopic particles decreased while the 

more-hygroscopic particles fraction increased. Thus, the particles became more 

internally mixed.” 

 

11. Fig. 5, why does the GF of more-hygroscopic mode decrease with increasing 

particle size and increase for less-hygroscopic mode? 

 

We have added more sentences in L13-19 on p. 20, “Larger size particles contain 

higher fractions of more-hygroscopic inorganics matters which lead to the 

increase of Gf of more-hygroscopic mode. The less-hygroscopic mode usually 

represents externally mixed black carbon or fresh organics. Thus the 

less-hygroscopic mode for larger size particles more likely represents the 



externally mixed non-hygroscopic black carbon with a Gf value of 0.8-1.1, 

indicating that the Gf of less-hygroscopic mode decreased and that of 

more-hygroscopic mode increased with the particle diameter (Fig. 5).” 

 

12. Pg 19 L6, it would be helpful to elaborate the parameter C in the method part. 

 

The parameter C has been elaborated in L16-17 on p.13, “A steep activation curve 

is associated with a small C value.” 

 

13. Pg 21 L18-19, as mentioned in the general comments, the correlation between the 

calculated AR and measured AR is still not good after adjusting the surface 

tension of cloud droplets.. 

 

This issue has been addressed in general comments #3. 

 

14. Pg 26 L16-18, “…which could be partly attributed to the higher heterogeneity of 

chemical Composition”, I guess this refer to the chemical composition of larger 

particles. 

 

The referee is correct. We have revised this sentence, “The activation curve 

became smoother at the low SS, which could be partly attributed to the higher 

heterogeneity of chemical composition for larger particles.”(L21 on p.29-L1 on 

p.30) 

 

15. Table 1, the kappa value of ammonium sulfate is 0.48, which is different from the 

values compiled in Petters and Kreidenweis (2007). How much would this 

difference contribute to the different between kappa(AMS) and kappa(CCN) as 

well as between NCCN and NAMS? 

 

The κ value of 0.48 was taken from Topping et al. (2005). Following the referee’s 

suggestion, we add several sentences to discuss the κAMS values and the NCCN 

calculated using the κ  value (0.53) of ammonium sulfate from Petters and 

Kreidenweis (2007) (L17 on p.26 to L1 on p.27), “Note that the impact on the 

calculated κAMS values and the predicted NCCN was minor using the κ value 

(0.53) of ammonium sulfate from Petters and Kreidenweis (2007). For example, 

the κAMS values slightly increased from 0.27 to 0.28 at 0.1% SS; the slopes for 

scheme 6, 8 and 9 in Table 5 slightly increased from 0.9859 to 0.9898, 0.9721 to 

0.9834, and 0.9742 to 0.9973, respectively, while the one for scheme 7 did not 

change.”  

 



16. Pg 25 L8-9, the authors “further assumed the κorg values to be 0.15 and 0.1 

respectively for particles larger and smaller than 100 nm”. Based on the 

hygroscopic growth measurement, the less hygroscopic mode is likely attributed 

to be organics. If so, the κorg of larger particles should be lower than the smaller 

particles. Several studies reported the κorg of larger particles are lower than that for 

smaller particles (Lance, Raatikainen et al. 2013; Zhao, Buchholz et al. 2015). 

Since hygroscopicity of organics is often found to be related to its chemical 

composition (f44 or O/C) in both field and laboratory studies (Chang, Slowik et al. 

2010; Massoli, Lambe et al. 2010; Lambe, Onasch et al. 2011; Mei, Setyan et al. 

2013), and others reference therein), more analysis of AMS data may help validate 

this assumption of the dependence of κorg on particle size. 

 

Response: 

We agree with the referee that the less hygroscopic mode is likely attributed to be 

organics. However, based on our measurements, we believe that the peak of 

less-hygroscopic mode for larger size particles was smaller, indicating that the 

number fraction of less-hygroscopic particles was lower. Our results further 

suggest that the fraction of the hygroscopic organics became higher or the 

organics were coated with hygroscopic inorganics matters, leading to the increase 

of hygroscopicity for larger particles. As suggested by the referee, we analyzed the 

size-resolved f44 of the AMS data. Figure S1 showed that the f44 increased with 

diameter, indicating that the degree of oxidation of the organics was higher for 

larger particles. It could also relate to the higher hygroscopicity of organic aerosol 

for larger particles. Note that the f44 for particle diameters smaller than 100 nm 

was discarded due to the poor data quality for those particles.  

 

Changes in the manuscript: 

We have included Fig. S1 in the supplementary material.  We have also added 

several sentences in L20 on p.18 to L6 on p.19, “Previous studies showed that the 

κorg values of larger particles are lower than those for smaller particles (Lance et 

al., 2013; Zhao et al. 2015) and hygroscopicity of organics is often found to be 

related to its chemical composition (f44 or O/C) in both field and laboratory 

studies (Chang et al. 2010; Massoli et al., 2010; Lambe et al., 2011; Mei et al., 

2013, and others reference therein). We showed that the f44 increased with the 

particle size from the AMS data (Fig. S1). Note that the f44 for particle diameters 

smaller than 100 nm was discarded due to the data quality. The results indicate 

that the degree of oxidation of the organics was higher for larger size particles and 

the hygroscopicity for larger particles is higher (Chang et al., 2010).” 



 

Fig. S1. The size-resolved f44 retrieved from AMS data as a function of particle 

diameter Dp. The error bar for each measured size was shown for f44. 

 

 

Technical comments: 

1. Sect. 2.3.4 should be numbered as 2.3.3. 

It has been revised（L3 on p.14） 

2. Pg 15 L1, by Eq. 4 do you mean Eq. 5? 

It has been revised to eq. 5 (L7 on p.16) 

3. Pg 15 L5, “…from 69% at…”, it looks like the value is more than 70%. 

It has been corrected to 73% (L14 on p.17) 

4. Pg 25 L14-15, what does the value 44% refer to? 

L19-20 on p.28, the sentence has been revised, “For example, the underestimate of 

NCCN decrease from 44% (Fig. 11a) to 4% (Fig. 12b)”. 
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