
Response to Reviewers' Comments 

Thank you very much for your letter and for the reviewers’ comments regarding our 

manuscript entitled “Measurement Report: New insights into the boundary layer 

revolution impact on new particle formation characteristics in three megacities of China” 

(Manuscript ID: EGUSPHERE-2025-3637). These comments are all valuable and very 

helpful for improving our manuscript. We have addressed the reviewers’ comments 

point-by-point and revised the manuscript accordingly. All changes made in the 

manuscript are highlighted in blue in the marked version of the manuscript. The detailed 

responses to the editor and reviewers’ comments are shown as follows: 

 

Reviewer Comment:  

The authors mainly discuss the connection between PBLH on NPF via the decrease in 

condensation and coagulation sink in the morning due to the extending PBLH. This 

effect has been studied for over 20 years (Nilsson et al., 2001) by several groups and is 

widely accepted as one of the main reasons why NPF events are observed to take place 

on clear sky days, starting some hours after the sunrise, when the PBLH development 

starts. The other main reason is the important role of sulphuric acid, produced via photo-

oxidation of SO2, in NPF. The possible roles of decreasing RH and mixing of 

compounds in the mixing layer and the residual layer are also investigated. Many of 

these are not caused by increase of PBLH, but because of increase in solar radiation on 

the surface and the resulting increase in temperature. In this manuscript, the authors 

study the relations between BBLH and NPF occurrence only via the connection 

between PBLH and dimensionless parameter P (ratio of condensation sink and particle 

growth rate). If the aim is to use this parameter as the ratio between factors inhibiting 



and enhancing NPF, the vapours responsible for the growth should be assumed to be 

the same that form the initial clusters in NPF. This is not likely, as the GR already in < 

3nm is typically observed to be higher than sulphuric acid would produce. The authors 

do not present the connections between PBLH and CS or CS and NPF occurrence, even 

though they discuss these connections repeatedly. The determined GRs, or the size 

ranges they represent, are not shown and their reliability not discussed. 

Response:  

“The established connection between PBLH and NPF”:  

Thanks for the editor ’s comments. We acknowledge that the relationship between 

planetary boundary layer height (PBLH) and new particle formation (NPF), particularly 

in relation to the decrease in condensation and coagulation sinks, has been well-studied 

over the past two decades, with Nilsson et al., (2001) being a key reference in this area. 

We agree that this mechanism is widely accepted and serves as a fundamental 

explanation for the observed NPF events. However, our study seeks to build on this 

existing knowledge by focusing specifically on the role of the dimensionless survival 

parameter P (ratio of condensation sink (CS) to particle growth rate (GR)) in describing 

the interaction between PBLH and NPF. While the relationship between PBLH and 

NPF has been explored through several physical mechanisms, we aim to provide an 

understanding of this connection using a new framework.  

Analysis of boundary layer and NPF development suggests that random and sudden 

mixing processes in a thermally unstable atmosphere favor particle nucleation (Bigg, 

1997; Nilsson et al., 2001). Atmospheric stability influences the mixing of gases and 

particles (Alonso-Blanco et al., 2025). Aircraft measurements have shown that 

boundary layer development and vertical mixing facilitate the burst of ultrafine particles 



in the residual layer (Platis et al., 2015), and are highly correlated with the occurrence 

of NPF events (Hao et al., 2018; Leino et al., 2019) . 

 

“The role of sulfuric acid and other factors in NPF”: 

On the role of sulfuric acid and other factors in NPF: We concur with the reviewer that 

sulfuric acid plays a significant role in NPF, particularly through photo-oxidation of 

SO₂. Our manuscript does not intend to discount this established fact but focuses more 

specifically on the interactions between PBLH and the dimensionless survival 

parameter P. Our main objective in focusing on PBLH is to approach the analysis from 

an aerodynamic perspective. We aim to investigate whether changes in the PBL play a 

significant role in NPF, specifically in terms of their impact on CS and particles.  

As pointed out by the reviewer, these NPF events are indeed influenced by factors such 

as solar radiation and temperature. We agree with the reviewer’s opinion that radiation 

plays a significant role in NPF events. In response to the reviewer’s comment, we 

downloaded 20 years of ground-based radiation observation data (Liu et al., 2022) from 

the Xianghe site to analyze the influence of radiation on NPF events. The results of our 

analysis will be presented in detail later. We will revise the manuscript to better 

emphasize the interplay of these factors and their contribution to NPF events.  

For sulfur compounds and SO₂, we downloaded hourly data from the China National 

Environmental Monitoring Center and calculated H₂SO₄. We estimated the sulfuric acid 

proxy [H₂SO₄] based on local solar radiation, SO₂ concentration, CS, and RH 

(Mikkonen et al., 2011).  

𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝[𝐻𝐻2𝑆𝑆𝑆𝑆4] = 8.21 × 10−3 × 𝑘𝑘 × 𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 × 𝑆𝑆𝑆𝑆20.62 ∙ (𝐶𝐶𝐶𝐶 ∙ 𝑅𝑅𝑅𝑅)−0.13 



where 𝑘𝑘  is the temperature-dependent reaction-rate constant. The relative error 

between calculated sulfuric acid proxy and measured sulfuric acid concentration is 

estimated to be 42 % (Mikkonen et al., 2011; Xiao et al., 2015)  

Due to the proximity of the Beijing site to a highway, pollutants accumulate at night, 

with particle sizes primarily concentrated in the ranges of 15-200 nm. In Phase 1, 

horizontal winds greater than 3 m/s diluted the pre-existing particles and further 

reduced the CS. After sunrise, with the increase in radiation, the PBLH began to rise 

from 130 m, destabilizing the boundary layer and enhancing vertical dilution, which 

led to the lowest CS value of 0.011 S⁻¹. This created favorable conditions for NPF. In 

this phase, PBLH shows a negative correlation with CS, indicating that as PBLH 

increases, CS decreases. This suggests that a higher PBLH is conducive to reducing CS. 

By 12:00, NPF events began to occur. In Phase 3, particles grew to over 100 nm. At this 

point, the PBL stabilized, with the PBLH decreasing to below 200 m. Both CO and CS 

began to rise, with nighttime traffic emissions contributing significantly to the particle 

number size distribution (PNSD) during this period. 

 



 

Fig. R1. Evolutions of a typical regional NPF event (24 August 2017) and associated 

variables in Beijing. (a) 1-h average wind vector. Arrows represent the wind direction, 

and their lengths show the wind speed. (b) Time series of temperature, RH, PBLH, 

SO2, O3, CO, and CS. (c) The particle-number size distribution. The white dashed 

curve shows radiation. The dash box is the NPF window (11:00-19:00). 

 

Fig. R2. shows the correlations between various factors on August 24, 2017. Radiation 



exhibits a strong positive correlation with Nuc (11-25 nm) (p = 0.85), which is in line 

with the reviewer's observation of a significant relationship with radiation. However, 

PBLH also shows a strong correlation, with a notable positive correlation for particles 

in the 25-100 nm range (p = 0.74). Additionally, PBL has a clearing effect on particles 

larger than 100 nm, removing coarse particles and reducing CS. Radiation, on the other 

hand, shows almost no correlation with CS (p = 0.03), thus confirming that changes in 

PBL can lead to a lower CS. On this day, the correlation between 11-100 nm particles 

and both T and RH was less than 0.3. The NPF was primarily the result of the combined 

effects of radiation and PBLH. Radiation is associated with photochemical processes, 

while PBL reflects the aerosol dynamics within the PBLH. 

 

Fig. R2. The Spearman correlation coefficient of various parameters. 



“The assumption of vapors responsible for particle growth”:  

The reviewer raises an important point regarding the assumption that the same vapors 

responsible for particle growth are involved in the formation of initial clusters in NPF. 

We agree that this assumption may not always hold, especially considering the higher 

GR observed in particles smaller than 3 nm. In our research, we use the survival 

parameter P to more intuitively illustrate the impact of PBL on NPF, as P is one of the 

key factors in assessing NPF. We did not collect data for particles smaller than 3 nm; 

our primary concern is whether particles in the 11.3-25 nm range during NPF events 

can grow to over 100 nm. Additionally, when evaluating the impact of PBL on NPF, 

relying solely on CS and GR is insufficient, as pointed out by Cai et al., (2022). 

“The connections between PBLH and CS, and the reliability of GR”:  

The reviewer rightly points out that we have not presented the direct connections 

between PBLH and CS or CS and NPF occurrence in the manuscript, despite discussing 

them multiple times. We will revise the manuscript to explicitly present these 

connections, with a clearer explanation of how PBLH influences CS and, in turn, the 

probability of NPF events. In addition, we also explored the relationship between PBLH 

and PNCnuc, using case studies to illustrate how boundary layer development 

influences CS, NPF events, and PNCnuc. As shown in Fig. R2, PBLH is negatively 

correlated with CS and simultaneously promotes the increase of PNCnuc, thereby 

enhancing the likelihood of NPF occurrence. This is further supported by the case 

shown in Fig. R5, which also demonstrates that while PBLH can influence CS, the 

occurrence of NPF depends on multiple contributing factors. This will help enhance the 

robustness of our findings.  

 



Reviewer Comments:  

The results on the connection between PBLH and NPF occurrence are first based on 

the mentioned positive correlation between monthly mean PBLH and NPF frequencies 

(lines 251-253). However, the highest values of PBLH are between April and July 

(Table 1), but the lowest NPF occurrence is during summer months (lines 245-246 and 

figure 2). This correlation should be represented and investigated more in detail. 

 

Response:  

We thank the reviewer for this valuable comment. Indeed, the apparent contradiction 

between the monthly trend of PBLH and the frequency of NPF events highlights the 

importance of examining their relationship with greater nuance. 

The higher frequency of NPF events in Beijing during spring and autumn compared to 

summer is consistent with previous observational studies (Wu et al., 2021; Wu et al., 

2007). This conclusion is based on observational data; however, the current analysis 

remains relatively superficial, which may lead to some misinterpretation regarding the 

relationship between PBL and NPF frequency. We will further elaborate on and revise 

this part in the updated manuscript. Of course, the lower NPF frequency in summer 

compared to spring and autumn should be examined in conjunction with other variables, 

such as radiation, SO₂, temperature, and relative humidity, for a more comprehensive 

analysis. 

In Fig. R3c, all pollutant concentrations were normalized. During summer, SO₂ levels 

decreased by approximately 1.5 compared to winter, indicating a significant reduction 

in primary pollution and sulfur precursors. Although summer is characterized by strong 

photochemistry, elevated O₃ levels, and abundant OH production, the lack of SO₂ limits 



the formation of sufficient sulfuric acid to trigger nucleation. Additionally, the average 

radiation in July dropped from around 420 to 320 W m-2, likely due to the rainy season, 

which further reduced the production rate of H₂SO₄ (Dada et al., 2020). The high-

humidity conditions in Summer also contribute to an increase in CS, which is 

unfavorable for NPF (Kulmala et al., 2013). 

 



Fig. R3. The variation of PBLH, radiation, NO2, CO, SO2, O3, T, RH, and WS for all 

days in Beijing. The shading shows the 95 % confidence intervals of the mean. 

 

Fig. R4 shows the variation of CS during summer. In June and July, CS values were 

relatively low, with average values of 0.038 s⁻¹ and 0.036 s⁻¹, respectively. However, in 

August, the average CS exceeded 0.2 s⁻¹. Despite the presence of a high PBLH, which 

typically leads to lower CS, CS remained elevated. Such high CS levels are unfavorable 

for NPF, which explains the lower frequency of NPF events observed in August. The 

correlations shown in Figure R4 (the right line) were calculated using the Spearman 

method to assess relationships among various factors. The correlation coefficients 

between CS and temperature, RH, wind speed, PBLH, and radiation were all below 0.2. 

It should be noted that these calculations were based on the full dataset, without 

accounting for factors such as multivariate interactions or temporal lags. Further 

analysis based on specific case studies will be presented in the following sections. 



Fig. R4. The variation of CS for all days in Beijing (a) in June, (c) in July, and (c) in 

August. The shading shows the 95 % confidence intervals of the mean. The Spearman 

correlation coefficient of various parameters (a) in June, (c) in July, and (c) in August.  

 

To demonstrate the significance of various factors influencing NPF events, we selected 

several Non_NPF and undefined cases for individual analysis. 

As shown in Fig. R5, on August 1, 2019, high wind speeds (>2 m/s) removed the 



pollutants accumulated overnight, resulting in a low CS. As the PBL began to rise, CS 

further decreased to 0.001 s⁻¹, accompanied by an increase in SO₂ concentrations to 12 

μg/m³. This pattern is similar to that shown in Fig. R1. In Fig. R5b, new particles can 

be observed forming and rapidly growing to sizes above 100 nm. However, after 14:00, 

radiation dropped below 200 W/m², and precipitation led to RH exceeding 75%, which 

further suppressed the continuation of the NPF event. As a result, this event was 

ultimately classified as undefined. When the PBL evolves under favorable conditions 

with sufficient precursor gases, NPF events are more likely to be triggered. However, 

precipitation and high humidity can rapidly suppress the development of NPF events. 

Fig. R6 presents the PNSD and relevant variables such as radiation on August 10, 2019. 

On this day, horizontal winds again diluted the aerosol particles accumulated overnight. 

By 08:00, the boundary layer began to rise and became unstable. Under the combined 

influence of northerly winds bringing clean air and the rising PBL, CS decreased from 

0.023 to below 0.01 s⁻¹, indicating that the boundary layer has a significant impact on 

CS. However, SO₂ concentrations remained low throughout the day, around 2 μg/m³, 

which was insufficient to provide the precursors required for NPF, thereby greatly 

limiting its occurrence.  

Fig. R7 presents the PNSD and related variables such as radiation on August 13, 2019. 

Before 06:00, aerosols were mainly concentrated in the 15–30 nm size range, with 

concentrations below 10,000 dN/dlogDp [cm⁻³], and CS remained below 0.01 s⁻¹. After 

06:00, the PBL began to rise, but by 12:00 it only reached 500 m, which is significantly 

lower compared to other cases. A shallow PBL limits vertical dilution of pollutants, 

leading to an increase in CS up to 0.015 s⁻¹. RH remained above 80% throughout the 

day, and SO₂ concentrations stayed around 2 μg/m³—both unfavorable for NPF events. 



This indicates that under low PBLH conditions, the rising PBL may not effectively 

reduce CS, thereby further inhibiting the development of NPF events. 

 

Fig. R5. Evolutions of an undefined event (1 August 2018) and associated variables in 

Beijing. (a) 1-h average wind vector. Arrows represent the wind direction, and their 

lengths show the wind speed. (b) The particle-number size distribution. The white 



dashed curve shows radiation. (c) Time series of temperature, RH, PBLH, SO2, O3, CO, 

and CS. 

 

 

 

Fig. R6. Evolutions of a typical regional Non_NPF event (10 August 2018) and 

associated variables in Beijing. (a) 1-h average wind vector. Arrows represent the wind 

direction, and their lengths show the wind speed. (b) The particle-number size 

distribution. The white dashed curve shows radiation. (c) Time series of temperature, 



RH, PBLH, SO2, O3, CO, and CS. 

 

 

Fig. R7. Evolutions of a typical regional Non_NPF event (13 August 2018) and 

associated variables in Beijing. (a) 1-h average wind vector. Arrows represent the wind 

direction, and their lengths show the wind speed. (b) The particle-number size 

distribution. The white dashed curve shows radiation. (c) Time series of temperature, 



RH, PBLH, SO2, O3, CO, and CS. 

 

Reviewer Comments:  

The difference in PBLH between event and non-event days (Fig. 3) is surprisingly small. 

This might be related to the apparently applied linear concentration scale in the heat-

map plots (e.g. Fig. 1d-1i, Figs 4 and 5), with which the strongest events are observed, 

but often events producing lower concentrations are not. The shaded areas in Fig. 3 

should be explained. E.g., in panel (a), it seems that the PBLH patterns on non-NPF 

days were in practice identical, which is not plausible. 

 

Response:  

We appreciate the reviewer’s insightful comment regarding the relatively small PBLH 

difference between NPF and Non-NPF days shown in Fig. 3, and we acknowledge the 

concern about potentially limited visibility of weaker NPF events due to the use of 

linear color scales in the heatmaps.  

 

“The small PBLH difference”:  

During NPF events, the average maximum PBLH in spring and autumn reached 

approximately 1400 m, while on non-NPF days in the same seasons, it was around 

1000 m. These two seasons also exhibited the highest NPF frequencies, which supports 

the statement: “The results on the connection between PBLH and NPF occurrence are 

first based on the mentioned positive correlation between monthly mean PBLH and 



NPF frequencies (lines 251–253).” A higher PBLH is also associated with a cleaner CS 

environment. In contrast, during summer, the average PBLH was similar for both NPF 

and Non-NPF days, approximately 1000 m, indicating that other factors—beyond 

PBLH—may play a more critical role in driving NPF during this season.  

 

Fig. R8. A case of duration variation of PBLH in BJ. 

 

“The visibility of weaker events in heatmaps”: 

We acknowledge that the use of linear color scales may underrepresent lower-

concentration NPF events, particularly those with weak growth or particle number 

concentrations below 10⁴ cm⁻³. To address this, we plan to revise Figs. 1d–1i, 4, and 5 

using a logarithmic color scale, which will better visualize low-intensity NPF events 

and provide a more complete representation of particle growth dynamics. 



 

Fig. R9. The average diurnal variation of PNC during observations in BJ in Spring.  

 

“The shaded areas in Fig. 3”: 

We appreciate the reviewer’s careful observation regarding the shaded areas in Fig. 3. 

We would like to clarify that the shaded regions in all panels of Fig. 3 represent the 95% 

confidence interval (CI) of the average PBLH values, calculated across all available 

NPF and Non_NPF days. This information was not clearly stated in the initial 

submission and has now been explicitly added to the figure caption and methods section 

for clarity. 

To further improve transparency and interpretability: 

We used an additional figure to illustrate the differences in PBLH between NPF and 

non-NPF events. As shown in Fig. R10, we performed hourly averaging across all sites 

for each season. It is evident that in spring and autumn, the average PBLH at 13:00 LT 

on NPF days is more than 600 m higher than on non-NPF days. In summer, however, 

the difference in peak PBLH between the two types of events is relatively small 

(<200 m), which also explains why the daily PBLH over the entire year shows little 



distinction between NPF and Non-NPF events. In winter, the overall PBLH at the 

Beijing site is relatively low, contributing to the lower annual average. 

  

 

Fig. R10. The average of PBLH during NPF events and Non_NPF events at (a) BJ in 

Spring, (b) BJ in Summer, and (c) BJ in Autumn, (d) BJ in Winter, (e) GZ, and (f) SH. 

 

Reviewer Comment:  

The classification of events to Type 1 and Type 2 is done based on the PBLH at the time 

when the NPF event is determined to start. Based on the example figures in Fig. 4, the 

start time of the event may be when the PNC_nuc is less than 50 % of the maximum 

(Fig. 4a) or when it is almost 90 % of the maximum (Fig. 4b). The classification criteria 

should be considered carefully and presented clearly to justify the interpretation of the 

classification results. Additionally, the PNC_nuc seems to be calculated for particles 



larger than 10 nm. If so, the concentration PNC_nuc would elevate one or several hours 

after the start time of the NPF. 

 

Response: 

We appreciate the reviewer’s valuable feedback on the classification of Type 1 and Type 

2 events. We agree that the criteria for classifying these events should be clarified and 

justified more rigorously, and we will make the following revisions to address these 

concerns: 

“The classification of Type 1 and Type 2 events”: 

We defined the two types based on the timing of the onset of 10 nm particle growth and 

the development of the boundary layer, rather than on whether PNCnuc reaches 50% 

of its maximum value. In Type 1, 10 nm particle growth begins when the boundary layer 

has just started to develop; in Type 2, growth begins when the boundary layer has 

already reached a certain height (greater than 800 m). As shown in the figure, under 

similar conditions of temperature, RH, radiation, and SO₂ concentration, 10 nm 

particles in Type 1 begin to grow at 09:00, when the PBLH is only 330 m. In contrast, 

for Type 2, growth begins at 11:00, by which time the PBLH has reached 1000 m. Since 

the onset time of NPF and the timing of boundary layer development vary from case to 

case, we use the variable t to represent the time at which 10 nm particle growth begins. 

 

“The PNC_nuc calculation”: 

The reviewer is correct in noting that PNC_nuc is calculated for particles larger than 10 

nm. This can indeed cause a delay in the observed concentration increase, as nucleation-



mode particles smaller than 10 nm typically grow first before becoming detectable at 

sizes larger than 10 nm. To clarify: 

We will revise the manuscript to explicitly state that PNC_nuc is calculated for particles 

larger than 10 nm and acknowledge that this may result in a lag in the observed 

PNC_nuc increase. We define the NPF time based on observational results. The 

determination is made according to actual observations, and we cannot estimate the 

time required for particles to grow from 3 nm to 11 nm. Instead, we analyze the NPF 

events based on the observed NPF window, rather than making assumptions. 

 

Fig. R11. Evolutions of a typical regional type1 (24 August 2017) and type2 event (5 

September 2017)  

 



Type 1 refers to cases where the onset of the NPF event and the rapid growth of 

nucleation-mode particles (11–25 nm) are observed near the surface when the 

convective boundary layer has just begun to develop and the PBLH is still relatively 

low. At this stage, turbulent mixing is only starting to intensify, and NPF is more 

directly influenced by local near-surface radiation conditions and the gradual 

accumulation of gaseous precursors such as H₂SO₄. In this events, the H₂SO₄ 

concentration typically begins to increase around the time when 10 nm particles start to 

grow, indicating that the initial development of the boundary layer, together with the 

concurrent enhancement of local photochemical production, jointly triggers the NPF 

event. Type 2, in contrast, corresponds to situations where significant NPF at the surface 

only begins after the PBLH has risen to a certain height (typically above ~800 m). This 

suggests that the onset of NPF in these cases relies more on the presence of a well-

developed mixed layer and strong vertical mixing. In these cases, the H₂SO₄ 

concentration often reaches a high level—sometimes close to its peak—even before the 

NPF onset, yet no 10 nm particle burst is observed at the surface until the PBLH rapidly 

increases and mixing between the residual layer or upper-level air and the surface 

occurs. . The delayed onset of NPF at the surface implies that, for Type 2 events, the 

development of the PBL and the associated vertical mixing act as the primary “switch” 

that triggers NPF, while H₂SO₄ provides a pre-existing pool of condensable vapours. 

The different timing between PBLH evolution, H₂SO₄ and NPF in the two types 

therefore supports that our classification is fundamentally PBL-driven, with H₂SO₄ 

serving as an independent chemical indicator of the underlying mechanisms.  



 

Fig. R12. The diurnal evolution of PBLH, radiation, SO₂, PNCnuc, and proxy [H₂SO₄] 

in Type 1 events, (24 August, 2017), and in Type2 (5 September 2017) 

 

Reviewer Comment:  

The air mass back trajectories are calculated for 48 hours backwards. While on line 377 

the nucleation mode concentrations are mentioned, on line 391 particles smaller than 

100 nm are discussed. Whichever the size range considered for NPF event duration for 

which the trajectories are calculated, it should be noticed that if the NPF mode has 

diameters of several tens or even close to hundred nanometres, the original formation 

of particles has happened up to 20 or 30 hours before the air mass arrives to the station, 

whereas for particles in sizes close to 10 nm the NPF has taken place only up to few 

hours before observation. This should be considered when discussing the information 



of the depicted trajectories. Additionally, using expressions like “pollution sources” 

for the main air mass origins several tens of hours prior to the NPF events is misleading, 

since the NPF events typically occur in Beijing under relatively clean Northern air 

masses, when the CS is low. It is likely that the most intense events occur when the 

clean air mass with low CS arrives to areas with high emissions of NPF precursors and 

thus the “pollution sources” are near the observation site, not several days away in the 

upwind direction. 

 

Response: 

We thank the referee for pointing out that particle growth from the nucleation mode to 

tens of nanometers requires several hours to tens of hours, and that this needs to be 

taken into account when interpreting the 48-hour back trajectories. We acknowledge 

that the observed particle sizes (e.g., 25–100 nm) reflect growth that typically requires 

10–30 hours after nucleation. Therefore, the original nucleation is likely to have 

occurred substantially earlier than the observation time. Consequently, the 48-hour 

upwind regions of the trajectories do not represent “pollution sources” for the NPF 

precursors. Instead, they mainly reflect the background origin of the clean air mass that 

provides low CS conditions. Strong NPF events in Beijing typically occur when clean 

northern air masses with low CS enter the region, and then encounter local emission 

sources of NPF precursors (SO₂, NH₃ and VOCs) near the observation site. We 

therefore no longer refer to the distant upwind regions as “pollution sources” in the 

revised manuscript.  



Based on 48-hour backward trajectory analysis, we examined the source contributions 

to nucleation-mode (Nuc, 11–25 nm), Aitken-mode (25–100 nm), and coarse-mode 

(>100 nm) particles at the three sites: Beijing, Guangzhou, and Shanghai. In Beijing, 

high-weight Nuc and Aitken-mode trajectories were predominantly associated with air 

masses originating from the north and northwest–north long-range transport pathways. 

Approximately 60–75% of new particle-related trajectories originated from regions 

north of the Beijing–Tianjin–Hebei area (Fig. R13). These cold, dry, and relatively 

clean air masses tend to exhibit lower CS levels, which favor the oxidation of SO₂ to 

H₂SO₄ and subsequent nucleation. 

In contrast, for Guangzhou, the highest Nuc-mode probabilities were linked to air 

masses from the south and southwest (South China Sea and southern coastal areas), 

with about 50–70% of NPF days associated with marine-origin air masses. This 

supports the proposed mechanism of enhanced nucleation due to increased radiation in 

mixed marine–continental boundary layers (O'dowd et al., 2002). For Shanghai, the 

high-probability regions for Nuc and Aitken modes were mainly located in the inland 

west (the Yangtze River Delta to Central China), where cleaner air provides a lower 

background particle surface area, thereby enhancing nucleation success. 

Coarse-mode particles are not directly involved in nucleation; instead, they influence 

CS and can suppress nucleation. These particles mainly reflect regional resuspension 

and aged aerosols. In Beijing, coarse-mode particles primarily originated from the 

surrounding areas, indicating local emissions and pollutant accumulation. In contrast, 

in Guangzhou and Shanghai, coarse particles were more concentrated near the coastline 

and local regions, suggesting contributions from sea salt resuspension or local coarse 

aerosol emissions.  



 

Fig. R13. The 48h backward trajectory by using PSCF, and the map of NPF event 

contribution levels in BJ, GZ, and SH during NPF days. 

 

Reviewer Comment (Lines 67–68): 

"NPF can change boundary layer structure directly or indirectly" — reference needed, 

particularly since aerosol optical depth is usually dominated by particles of several 

hundred nm, not nucleation-mode particles.  

Response: 



Thank you for the insightful remark. We agree that particles with diameters of several 

hundred nanometers or more can influence the boundary layer structure. Our intention 

is to highlight a potential indirect feedback mechanism associated with NPF, in which 

particles that grow beyond 100 nm may alter the surface radiative balance and energy 

fluxes—such as through the formation of cloud condensation nuclei (CCN)—thereby 

affecting the evolution of the boundary layer (Dong et al., 2019).  

Ground-based Sun–sky radiometer inversions over urban sites further demonstrate that 

particles with median radii around 0.17–0.3 μm dominate the volume size distribution 

and the column AOD, while coarse-mode contributions are episodic (Gerasopoulos et 

al., 2011; Zhang et al., 2019). Sensitivity experiments with WRF-Chem confirm that 

AOD is particularly sensitive to changes in the geometric diameter and width of the 

accumulation mode, whereas changes in the Aitken mode have a much smaller impact 

(Palacios-Peña et al., 2020). We will clarify this point in the revised manuscript and 

modify the sentence to avoid overstatement. 

 

Reviewer Comment (Lines 80–83 and in general): 

"What are the variables that correlate? Concentrations, diameters, occurrences, 

intensities?" 

Response: 

Thank you for requesting clarification. In those lines, the cited study suggests that an 

increase in PBLH enhances atmospheric dispersion, resulting in a cleaner background 

that facilitates the occurrence of NPF. (Blanco-Alegre et al., 2022) reported that during 

a 13-month observation campaign at a background site in León, Spain, the PBLH 



showed a significant positive correlation with nucleation-mode particle number 

concentration (PNCnuc) and a significant negative correlation with accumulation-mode 

particles (PNCacc) during the warm season. This suggests that higher PBLH enhances 

vertical mixing and dilutes pre-existing accumulation-mode aerosols, thereby creating 

a cleaner background that is favorable for the occurrence and development of NPF 

events. 

 

Reviewer Comment (Lines 94–95): 

"The extensive data observations conducted in Nanjing by Nanjing University are not 

mentioned." 

Response: 

We appreciate this important point. Indeed, Nanjing University has conducted several 

long-term NPF studies, particularly within the Yangtze River Delta region, which are 

highly relevant to our work. We will revise the introduction to include references such 

as: 

Aerosol size distribution and new particle formation in the western Yangtze River Delta 

of China: 2 years of measurements at the SORPES station (Qi et al., 2015), 

which covers long-term NPF datasets and mechanisms in Nanjing. These studies 

provide essential context and support regional comparison between Nanjing and the 

three cities in our manuscript (Beijing, Guangzhou, and Shanghai). 

 

Reviewer Comment (Lines 134–135): 



"PNCnuc remained below 1000 cm⁻³ mentioned as the reason for NPF being lower. I 

would assume it is the outcome." 

Response: 

We agree with the reviewer’s assessment. Our intention is to point out that, in Beijing 

during winter, the PNCnuc remains low between 08:00 and 15:00, with no evident 

accumulation of pollutants or occurrence of NPF events. This indicates a relatively 

clean background during this period compared to other seasons and cities, rather than 

serving as a conclusion that this is the reason for the lower NPF frequency. The sentence 

was ambiguously phrased and will be corrected to: 

“During wintertime, the PNC of particles smaller than 30 nm remained below 1000 cm⁻³, 

reflecting the overall low frequency or intensity of NPF events in this season.” 

We thank the reviewer for highlighting this causal misrepresentation. 

 

Reviewer Comment (Lines 136–137): 

"UFPs are typically primary particles that facilitate the growth of new particles in the 

atmosphere." 

Response: 

Thank you for this important correction. Our wording was imprecise. While ultrafine 

particles (UFPs) can include both primary and secondary components, they do not 

generally facilitate NPF growth. Rather, primary UFPs contribute to the CS, which can 

actually suppress the growth and survival of newly formed particles. We will revise this 

sentence accordingly to: 



“In summer, elevated UFP concentrations—mainly from primary sources—contribute 

to a higher CS, which may hinder the early growth of newly formed nucleation-mode 

particles.” 
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