We would like to appreciate the reviewer for providing valuable comments on our manuscript, and
we have carefully addressed these comments point-by-point as follows. Please find the response
(in red) to each comment below.
Referee comments:
Cai et al. present measurements of how new particle formation events and hygroscopicity impact
cloud condensation nuclei concentrations. These observations were done in Guangdong Province
at a rural site. The authors also modeled particle formation to see how it would impact CCN
concentrations. The manuscript was at times difficult to understand due to frequent typos and
unstructured paragraphs. However, the science done by the authors is sound as it has been
implemented by numerous groups before. Also, their conclusions are logical. This paper fifits
ACP and should be published once the authors address the below comments.
Major comments:
1. The authors used a DEG SMPS to measure the particle size number distribution but instead
used formation rate at 3 nm and growth rate from 3-60 nm. Is there a reason the <3 nm bins
were not used? I would think the growth rate from 1-3 nm would play an even larger role in
their particle number concentration modeling done in section 3.3 Can the authors comment on
this and maybe look into their 1-3 nm data to see how that would impact their data analysis?
Reply: The particle number size distribution (PNSD) data during the campaign was acquired by a
commercial Nano-SMPS instrument. The instrument is controlled by Aerosol Instrument Manager
(version 10, TSI Inc., USA) which does not provide accurate corrections for multiple charges and
diffusion losses for particles smaller than 3 nm. While accurate inversion for particles smaller than
3 nm is still under development, we believe that it is adequate to use particles larger than 3 nm for
modeling NPF in this study. Hence, we only used PNSD for particles larger than 3 nm to calculate
formation and growth rates in this study. We added several sentences to clarify this issue in lines
159-163,
“The data inversion processes for the measured PNSD were done by Aerosol Instrument Manager
(version 10, TSI Inc., USA). However, accurate inversion for particles smaller than 3 nm is currently
still lacking due to large uncertainties from corrections for multiple charges and diffusion losses.
Thus, we only discussed PNSD for particles larger than 3 nm in this study.”
2. Page 10, line 207: The authors did not directly measure sulfuric acid concentration but instead
used a proxy based on SO2. How accurate is the proxy for the region they are measuring in?
Every 1-2 years, a new proxy sulfuric acid paper is published from a new measurement
location. Each of these proxy equations is different, with different parameters and different
coefficients. See (Mikkonen et al., 2011). Why did the authors choose this proxy? Could they
provide some gauge of uncertainty as a function of time? The authors say 40% (line 313) but
how was this estimated and how does it vary with CS and OH concentrations? This would be
especially useful as the authors compare trends of when sulfuric acid concentrations peak at
specific times of the day compared to growth rate and when hygroscopicity increased (page
19 line 397).

Reply: We agree with the reviewer that many different proxies have been proposed with different
parameterizations for the estimation of sulfuric acid concentration. We adopted a proxy proposed
by Lu et al. (2019) to calculate the H2SO4 concentration as shown below,
[𝐻2 𝑆𝑂4 ] = 0.0013 ∙ 𝑈𝑉𝐵0.13 ∙ [𝑆𝑂2 ]0.40 ∙ 𝐶𝑆 −0.17 ∙ ([𝑂3 ]0.44 + [𝑁𝑂𝑥 ]0.41 )
(1)
This proxy was derived based on measurements from a winter field campaign in urban Beijing,
where the atmospheric environment was similar to the locations of our measurements, which can
provide a reasonable estimation for the H2SO4 concentration. Although accurate quantification of
the uncertainty of the proxy is not feasible, we adopted a relative error of about 20% proposed by
Lu et al. (2019) when applying the proxy for the estimation of sulfuric acid concentration. While,
the relative error could be underestimated, since we ignored the uncertainty in measuring UVB,
[SO2], CS, [O3] and [NOx]. The relationship between uncertainty and CS and OH concentration was
difficult to estimate, because we do not have a direct measurement of [H2SO4] in this campaign. To
be more clarified, we have made several modifications in lines 208-213,
“The daytime gas phase H2SO4 concentration is estimated according to the proxy proposed by Lu
et al. (2019),
[𝐻2 𝑆𝑂4 ] = 0.0013 ∙ 𝑈𝑉𝐵0.13 ∙ [𝑆𝑂2 ]0.40 ∙ 𝐶𝑆 −0.17 ∙ ([𝑂3 ]0.44 + [𝑁𝑂𝑥 ]0.41 )
(5)
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where UVB is the ultraviolet radiation B intensity (in W m ), [𝑆𝑂2 ] is the concentration of SO2 in
molecules cm-3, [𝑂3] is the concentration of O3 in molecules cm-3, [𝑁𝑂𝑥 ] is the concentration of
NOX in molecules cm-3, and the CS is the condensation sink and it can be calculated from following
equation…”
and lines 218-225,
“This proxy is derived based on measurements from a winter field measurement in urban Beijing,
where the atmospheric environment is similar to the locations of our measurements. A relative error
of about 20% for the proxy proposed by Lu et al. (2019) was estimated based on comparison of the
estimated [H2SO4] with the measured one. However, accurate quantification of the uncertainty is
not feasible since this proxy has not been tested in the PRD region. For simplicity, we adopted a
relative error of about 20% for the estimation of sulfuric acid concentration, and ignoring the
uncertainties in measuring UVB, [SO2], CS, [O3] and [NOX]. However, further investigation is still
needed, since the relative error of the estimation could vary temporally and spatially (Mikkonen et
al., 2011).”
and lines 318-326:
“The average calculated H2SO4 concentration during particle formation periods (10:00-12:00 LT)
was about 1.4×107 cm-3, about an order higher than that (about 7 - 12×106 cm-3) in a mountain
region in Germany (Wu et al., 2013a) and close to that (about 2-5×107 cm-3) in a rural region of
Sichuan in China (Chen et al., 2014). Considering a relative error of about 20%, the growth rate
contributed by condensation of gaseous H2SO4 was about 0.61-1.09 nm h-1, or about 7.6% -13.6%
of the observed growth rates for 3-10 nm particles. It should be pointed out that the above estimates
for the growth rates are subject to large uncertainties due to uncertainties for the estimation of
sulfuric acid concentration using Eq. (5) as the proxy and here a unity of sticking coefficients was
assumed when gaseous H2SO4 molecules collide with pre-existing particles.”
We have also modified Figure 1.

Figure 1. The PNSD (a), NCN, NCCN and AR (b), wind speed and wind direction (c), jO(1D), and
concentration of calculated H2SO4 (d) during the NPF event on 29th October, 2019. The blue dots in
(a) represent the geometric mean particle diameter (Dpgmd) and the red line represents the linear
fitting.
3. Generally, the terminology used is confusing. Particle formation rate is used to described
nucleation and of CCN (page 19 line 389). The convention is newly formed particles are small
(<10 nm). It would be helpful if the authors could find a better phrase to call 30-40 nm
particles. Also, measured, averaged, recalculated D50 are used. However, in the text, they
often just say D50. Which D50 is it? Example (though not the only one) is page 19 line 403,
page 20 line 406, etc. Maybe add a subscript to the D50 to make it clearer? Page 21 line 436:
How does doubling the GR result in increasing particle concentration because of higher
coagulation source? More coagulation would mean lower particle concentrations?
Reply:
(1) In order to avoid confusion, these particles were referred to as “newly-grown particles”,
since they were grown from newly-formed particles. We have modified corresponding

sentences in lines 411-414, “The hygroscopicity of newly-grown particles can have significant
impact on the NCCN during the NPF event. During the campaign, the minimum particle size of
CCN activity measurement was about 40-45 nm (at 1.0% SS), thus the hygroscopicity of this
size range was used to present the property of the newly-grown particles, when they grow up to
this size range.”, and lines 418-423, “It should be pointed out that the high κ values during
10:00~12:00 LT did not represent the hygroscopicity of the newly-grown particles which were
primarily composed of particles much smaller than 30-40 nm. Those new particles grew to
about 40-50 nm at 14:00-16:00 (Fig. 1a and Fig. 3) and their κ values were obviously lower
than the average ones, implying that the organic vapors could play an important role during
growth of new particles as discussed in Section 3.1.”, and lines 430-431, “As discussed in
section 2.3.4, the dynamical processes for new particles during nucleation events are governed
by the population balance equation (Eq. (13)).”
(2) To be clarified, the measured D50, recalculated D50 and average D50 were denoted as D50,m, D50,r
and D50,a, respectively. We modified the corresponding sentences in section 3.2, Figure 3 and
Figure 4.
(3) Coagulation means that two smaller particles collide with each other and become a larger
particle, which can also increase the population of new particles. It is the third term on the righthand side of Eq. (13-2),
1
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∑𝑘−1
𝐷𝑝𝑖 =𝐷𝑝𝑚𝑖𝑛 𝛽(𝑖,𝜑) 𝑁𝑖 𝑁𝜑

(13-2)

A higher GR would lead to a wider distribution of new particles, since these particles can grow
to a larger size in the same time. This thus provides a wider “region” for coagulation sources,
i.e., the “𝑘 − 1” in Eq. (13-2) is higher. In order to avoid any confusion, we modified the
sentences in lines 460-462, “Coagulation source means that two smaller particles collide with
each other and become a larger particle, which can also increase the population of new
particles.”, and lines 464, “, i.e. the “𝑘 − 1” in eq. (13-2) is higher”.
4. Page 21 paragraphs starting with line 427: This section is very repetitive and difficult to
understand. What do the authors want us to take away from this section? Is there a more efficient
way of communicating this information then just listing off every possible configuration of the
model? The findings in this section are not new science so sticking to highlights of why this
section is needed to convey the purpose of the paper would be helpful.
Reply: We thank the review for this valuable comment. The contribution of NPF to the CCN is not
only affected by the properties of newly-grown particles, but also affected by characteristics of NPF,
including formation rate, growth rate and background particle number size distribution (PNSD).
However, there is still lack of understanding on the major impact factors among these parameters
and how these factors compare with particle properties (e.g., hygroscopicity). The two paragraphs
(lines 427-475 on the original version) are included to investigate the most important factor that
contributes to the CCN concentration. We found that high growth rate significantly affected the
variation of NCCN, and high background particle concentration could hinder growth of new particles
to the CCN sizes. For better clarification, we added several sentences to begin the paragraphs in

lines 448-450, “As discussed in section 3.2, the contribution of NCCN was affected by the properties
of newly-grown particles. However, the characteristics of NPF, including growth rate, formation
rate and the background PNSD also affect NCCN.”, and a comparison with particle properties was
included in lines 501-513, “To compare different impacts of the characteristics and properties of newlyformed particles, the NCCN was simulated through varying parameters of different characteristics (case 1,
4 and 7) and properties (case 2, 3, 5, 6, 8 and 9). The input parameters for different cases are shown in
Table S1. For case 2, 3, 5, 6, 8 and 9 scenarios, the surface tension or hygroscopicity was adjusted to
match similar NCCN values based on different NPF characteristics (case 1, 4 and 7, respectively). The
results show that doubling GR produces the most significant impact on the N CCN, and the surface tension
(κ value) was adjusted to 0.030 N m-1(1.2) to have the same impact (Fig. 8a). Obviously, a κ value of 1.2
for hygroscopicity is much higher than that of many inorganics, e.g., H2SO4 (κ=0.90, Topping et al., 2005)
and NH4NO3 (0.58, Topping et al., 2005). Meanwhile, the surface tension was lower than the values
(0.049-0.060) reported previously (Ovadnevaite et al., 2017; Engelhart et al., 2008; Cai et al., 2018).
However, doubling GR value (16.0 nm h-1) was reasonable and consistent with previous studies
(Mönkkönen et al., 2005; Foucart et al., 2018; O'Dowd et al., 1999), suggesting significant contribution
of GR to the growth. For doubling formation rate and halving PNSD, the modified surface tension and κ
values were minor (Fig. 8b and c).”

Table S1. The input parameters for Case 1-9
2 × and 0.5 × represent doubling and halving the parameters, respectively.
GR

J

PNSD

σs/a (N m-1)

κ

Case 1

2×

1×

1×

0.0728

Measured

Case 2

1×

1×

1×

0.030

Measured

Case 3

1×

1×

1×

0.0728

1.2

Case 4

1×

2×

1×

0.0728

Measured

Case 5

1×

1×

1×

0.065

Measured

Case 6

1×

1×

1×

0.0728

0.15

Case 7

1×

1×

0.5 ×

0.0728

Measured

Case 8

1×

1×

1×

0.067

Measured

Case 9

1×

1×

1×

0.0728

0.13

Figure. 8 The model NCCN based on different characteristics (doubling growth rate and formation
rate, and halving background particle distribution) and particle properties. Different colors and
markers represent case 1-9, respectively.

”

Minor comments:
1. Line 27: environments and depend.

Reply: It has been revised.
2. Line 29: investigates.
Reply: It has been revised.
3. Line 38: than assuming pure water.
Reply: It has been revised.
4. Line 43 fact.
Reply: It has been revised.
5. Line 51: controlling factor is a weird phrase. What do you mean by controlling?
Reply: We had meant factors (e.g., growth rate, formation rate, hygroscopicity) which play
important roles in affecting the CCN activity. To avoid confusion, it has been revised to “the
major impact factors”.
6. Line 56-60 these two sentences are wordy and difficult to understand.
Reply: They have been revised to “In general, atmospheric particles have a cooling effect on the
global climate with the highest uncertainty among all the climatic forcings (Stocker et al., 2013).
The relationship between the CCN number concentration (NCCN) and its climatic effect represents
one of the major uncertainties.”
7. Line 61: controlling factors, again what do you mean by this?
Reply: It has been revised to “the major impact factors”.
8. Line 63: also marine?
Reply: “marine” has been added in this sentence.
9. Line 75: matter
Reply: It has been revised.
10. Line 76: and more easily
Reply: It has been revised.
11. Line 77: matter
Reply: It has been revised.
12. Line 80: awkward statement of constraining an accurate quantification of the aerosol…
Reply: It has been modified to “…which becomes a challenging in quantification of the climatic
forcing of NPF events.”
12. Line 82: NPF event is
Reply: It has been revised.

13. Line 103: growth rates
Reply: It has been revised.
14. Line 124: have reported
Reply: It has been revised.
15. Line 135: that manipulate is awkward phrase.
Reply: It has been revised to “affect”.
16. Line 234: necessarily the case, also this entire sentence should be rewritten to be more clear.
Reply: It has been revised to “…not necessarily the case because not all H2SO4 molecules will be
captured when colliding with the particles.”
17. Line 265: represents the smallest detectable particle size. The smallest stable size is likely
much smaller than 3 nm.
Reply: It has been revised.
18. Line 357: D50 is shown.
Reply: It has been revised.
19. Line 359: shows a difference of what?
Reply: It has been revised to “shows a difference between the D50,r and the D50,m.”
20. Page 20: all fell should be failed
Reply: It has been revised.
21. Line 429: measured NCN and NCCN and the modeled one is awkward phrasing.
Reply: It has been modified to “… the comparison of the measured NCN and NCCN with their
respective modeled values….”
22. Line 451: what is double background PNSD condition?
Reply: “Double background PNSD condition” means the background PNSD as an input parameter
is doubled compared to the standard characteristic. It is clarified at the beginning of this paragraph
in lines 450-452.
23. Line 454: NPF events a minor contribution, awkward phrasing
Reply: It has been revised to “NPF events have a minor contribution”.
24. Line 547: profound impact, awkward phrasing
Reply: It has been revised to “significant impact”.
25. Line 758: linear fit
Reply: It has been revised.

26. Line 772: space after activation ratio
Reply: It has been revised.
27. Figure 2: is there a way to not use shades of the same color on this graph? The blues
cannot be easily distinguished. Maybe adding symbols would help?
Reply: We changed the color of “κHTDMA (This Measurement)” from light blue to black.

Figure 2. The median and interquartile κ obtained from HTDMA and CCN measurements during
this campaign, at the Panyu site (urban Guangzhou), and from South China Sea. The κ was pointed
against the corresponding median D50 (CCN measurement) or selected diameter (HTDMA
measurement). Dots represent the median values and bars represent the interquartile ranges. The κ
values in this measurement were obtained from HTDMA measurement (in black) and CCNc
measurement (ss=0.1%, 0.2%, 0.4%, 0.7%, 0.9%, and 1.0% in red and yellow for different surface
tensions). The yellow lines and dots represent the κ values recalculated based on σs/a*. The κ values
in the Panyu measurement were obtained from HTDMA measurement (in purple) and CCNc
measurement (ss=0.1%, 0.2%, 0.4%, and 0.7%, in green). The κ values from the South China Sea
were obtained from CCNc measurement (ss=0.18%, 0.34%, and 0.59%, in light blue). The κ values
from the North China Plain were obtained from HTDMA measurement.
28. Figure 6: maybe helpful to write in the legend 0.5xGR and 2xGR, etc. to make it clearer.
Reply: It has been revised. We also revised Fig. 6, Fig. S5, Fig. S6, and Fig. S7.
29. Table S1: background particle distributions
Reply: It has been revised.
30. Figure S2: Is average value during the campaign mean it was averaged over that time of day
interval over the whole campaign?
Reply: Yes. It represents the average diurnal variation during the whole campaign. We had revised
the title to make it clear, “…The blue color represents the average diurnal variation during the
campaign.”.

31. Figure S7: What is it meant by “new” GR, formation rate, and background PSND?
Reply: They represent the GR on the October 18 event (highest among three events), formation
rate on the October 29 event (highest among three events) and background PNSD (lowest CS among
three events) on the October 29 event. To avoid confusion, we have revised the corresponding
sentences in lines 552-555 and Fig. 11 and Fig. S9, “…including the growth rate on the October 18
event (high growth rate scenario), the formation rate on the October 29 event (high formation rate
scenario), and the background PNSD on the October 29 event (mainly distributed in Aitken mode,
denoted as low CS PNSD scenario…”

Figure 11. The measured and model NCN (a) and NCCN (b) on the Panyu NPF event. The bule line
represents the measured value. The red, yellow, purple and green lines represent the simulated NCCN
based on standard input, growth rate of the NPF event on October 18th (denoted as high GR),
formation rate of the NPF event on October 29th (high J), and background particle distribution of
the NPF event on October 29th (low CS PNSD), respectively.

Figure S9. The simulated NPF event on 12th December, 2014 based on the high growth rate (a), the
high formation rate (b), and the low CS PNSD (c).
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