
Responses to reviewer #1 

General comments: 

New particle formation (NPF) is essential for understanding aerosol dynamics, 

particularly in climate-sensitive regions like the Tibetan Plateau (TP). To address the 

knowledge gaps specific to NPF in the TP, the authors conducted a study that combined 

field measurements and modeling, revealing frequent NPF events in the southeastern TP. 

Lulang, characterized by relatively low anthropogenic emissions but high biogenic 

emissions and trace-level SO2 concentrations, along with high monoterpene concentrations, 

served as a pertinent study area. 

To assess the influence of biogenic volatile organic compounds (BVOCs) and atmospheric 

transport on NPF in Lulang, a well-chosen set of regional simulations was performed using 

the updated WRF-Chem model during a typical NPF episode. For the most part, the 

conclusions were substantiated. The inclusion of organic NPF pathways helped bridge 

remaining gaps and yielded good agreement with observations, underscoring the vital role 

of organic compounds in nucleation. Crucially, oxygenated organic molecules resulting 

from monoterpene oxidation were identified as pivotal for NPF. The model updates 

successfully replicated observed NPF, highlighting the dominant nucleation mechanism 

involving sulfuric acid, ammonia, and highly oxygenated organic molecules. Vertical 

transport was found to have a substantial impact on NPF in the southeastern TP, 

emphasizing the significance of anthropogenic-biogenic interactions and meteorological 

dynamics. The analysis disclosed that nucleation primarily drives the production of near-

ground particles below 10 nm range, while vertical mixing enhances particle concentration 

in larger size ranges near the ground. These findings underscore the importance of vertical 

mixing in redistributing particles within the southeastern TP. 

In conclusion, this well-written and compelling paper provides valuable insights into the 

complex dynamics of NPF, focusing on the roles of different precursors and meteorological 

factors in the formation and growth of aerosol particles. However, I have some reservations 

about two aspects: the potential limitations of the 27 km grid resolution and the climatology 

of NPF events, specifically the model's ability to accurately represent the vertical transport 

of aerosols back into the boundary layer. 

Response: We would like to thank the referee for providing the insightful suggestions, 

which indeed help us further improve the manuscript. 

 

  

Specific comments: 



Comment 1: Page 5, line 109-113 “(Fig. 1a). In general, the measurement site is 

characterized by extensive emissions of BVOCs, especially monoterpenes … (Fig. 1b).” 

Please provide more details regarding the sources, data level, and resolution depicted in 

Figures 1a and 1b. The mention of a "nearby cottage" prompts the need for clarification: 

is this a single cottage, or does it represent a local distribution of cottages surrounding the 

measurement site? This is particularly crucial in assessing the direct emissions originating 

from these cottages. 

Response: Thanks for the comment. The biogenic emissions in Figure 1a were 

calculated online by using the Model of Emissions of Gases and Aerosols 

from Nature (MEGAN) that embedded in WRF-Chem (Guenther et al., 

2006). This module estimates the net emission rates of monoterpene, 

isoprene, and other BVOCs from terrestrial ecosystems to the above-canopy 

atmosphere. Anthropogenic emissions are obtained from the mosaic Asian 

anthropogenic emission inventory (MIX) at 0.25º×0.25º horizontal 

resolution and a monthly temporal resolution for the year 2010, with specific 

emissions for China sourced from the Multi-resolution Emission Inventory 

for China (MEIC) at 0.25º×0.25º horizontal resolution for 2017 

(http://meicmodel.org.cn) (Li et al., 2017b). Anthropogenic emissions 

encompass those from power plants, residential combustion, industrial 

processes, on-road mobile sources, and agricultural activities (Li et al., 

2017b). Figures 1a and 1b were plotted at the model resolution (27 km). In 

response to your valuable comments, we have included additional details in 

the Lines 175–177 in Section 2.2 and the captions of Figure 1 (Lines 122-

126). 

Regarding the biomass burning signals in the morning, there was a single 

residential cottage close to the site, which emitted pollutants by burning 

wood at almost regular morning hours. It is crucial to note that these 

biogenic burning signals represent highly localized emissions, which need 

to be excluded from data analysis. In line with your suggestion, we have 

clarified the role of the cottage in the Lines 113–114 in the revised Section 

2.1 of the manuscript. 

 

Comment 2: Page 7, line 132-134 “Besides, on a typical NPF day, such as 29 April 2021, …” 

Please explain the climatology/frequency of NPF days and describe the nature of a typical 

NPF day. As there have been no references to NPF events thus far, providing some context 

regarding the occurrence of NPF events at the study location would be helpful. 

Response: Thanks for the comment. On typical NPF days, the contour plot depicting 

particle number size distributions over time at a fixed location often exhibits 

a “banana shape”. The banana-shaped NPF event signifies the regional 



occurrence of this phenomenon, spanning a minimum radius of a few tens of 

kilometers (Kulmala et al., 2012). We applied a methodology proposed by 

Dal Maso et al. (2005) to identify NPF-event days during our 47-day 

campaign, revealing a total of 10 NPF days. This frequency is slightly lower 

than observations during the monsoon season, where over 80% (31/38 days) 

of days were reported to exhibit NPF by Cai et al. (2018). The relatively 

moderate frequency during our campaign could be attributed to factors such 

as high cloud coverage, frequent rain, and low radiation during the pre-

monsoon period. Notably, on clear sky days, more than 60% were identified 

as NPF event days. 

While NPF studies over the Tibetan Plateau (TP) are limited due to challenges 

in in-situ observations under extreme meteorological and topographic 

conditions, previous studies reported a high frequency of NPF events in TP. 

For instance, Tang et al. (2023) observed frequent NPF (80%) at Nam Co 

station (4730m a.s.l.) in the central TP during monsoon season. Long-term 

NPF measurements at the Himalayan Nepal Climate Observatory at Pyramid 

(NCO-P) site on the southern TP showed very frequent NPF events (~50%) 

(Venzac et al., 2008). These studies emphasize the significance and 

climatology of NPF in TP. 

To address your concern, we have added detailed descriptions of the NPF 

events in the Lines 142–143 in Section 2.1 and in the Lines 295–297 Section 

3.1 of the revised manuscript. Additionally, we have included a table 

providing statistics on NPF events in the supplementary information for 

further clarification (Table R1). 

 

Comments 3: Page 7: line 146-147- “In this study, the simulation domain covers the 

southeastern TP, with a grid resolution of 27 km and 30 vertical layers… 100 hPa.” 

What uncertainties are linked to the coarser model resolution? Can a grid resolution of 27 

km adequately capture certain cloud structures, sub-regional aerosol and cloud variations, 

and boundary layer dynamics? 

Response: Thank you for your comment. The choice of a 27 km resolution for the 

simulation domain was made to strike a balance between computational 

efficiency and the need to capture regional-scale atmospheric processes over 

the southeastern Tibetan Plateau. We appreciate your concern about 

potential uncertainties linked to this coarser model resolution. 

The intricate terrain of the TP poses challenges for coarse-resolution 

simulations, particularly in accurately representing orographic effects and 

fine-scale atmospheric processes. Coarse horizontal resolutions may 

struggle to capture meso- and micro-scale weather systems closely tied to 

complex terrain (Lindzen et al., 1983; Wang et al., 2020). Additionally, 



challenges arise in representing convection, cloud microphysics, and 

boundary layer dynamics at coarser resolutions (Sato et al., 2008; Jain et al., 

2019; Mishra et al., 2018). 

As widely acknowledged, accurate simulation of certain cloud structures and 

prediction of sub-regional dynamics are both challenging for regional/global 

models and even for convective-permitting models, especially on the TP. 

Studies have shown that increasing spatial resolution does not always lead 

to higher accuracy due to uncertainties in physics parameterizations and 

numerical algorithms (Zhang et al., 2013; Wehner et al., 2014; Bacmeister 

et al., 2014; Yu et al., 2015; Hart et al., 2005). While the 27 km resolution 

may not fully capture sub-regional cloud structures and aerosol distribution, 

it is crucial to emphasize that our primary focus is on regional-scale 

dynamics. Several studies with similar resolutions have demonstrated the 

model's ability to reproduce observations within an acceptable bias range (Li 

et al., 2015; Shi et al., 2008; Gao et al., 2018; Yang et al., 2018; Xu et al., 

2018; Rai et al., 2022). Gao et al. (2018) found the improved performance 

of precipitation simulations over the Tibetan Plateau with the WRF model 

at around 30 km resolution compared to coarser resolution GCMs and 

reanalysis. Yang et al. (2018), utilizing the WRF-Chem model at 25 km 

resolution, demonstrated an appropriate representation of the position of the 

rain band and near-surface aerosol concentrations. 

Although the 27 km and 30 layers resolution introduce limitations in 

capturing fine-scale boundary layer dynamics, studies (Ding et al., 2016; 

Huang et al., 2020) have indicated that, for regional-scale simulations, the 

use of 27 km and 30 layers resolution model on the representation of 

boundary layer processes is within an acceptable range. 

In summary, the choice of a 27 km and 30 layers resolution represents a 

compromise between computational efficiency and the need to capture key 

regional-scale atmospheric processes over the southeastern Tibetan Plateau. 

While uncertainties accompany 27 km and 30 layers resolution, especially 

in representing fine-scale features, previous studies and the specific goals of 

our research support the chosen resolution. Considering referee’s points, we 

have incorporated additional discussions to address the concerns of 

uncertainties linked to model resolution in the revised Section 2.2 of the 

manuscript (Lines 160–164). 

 

Comment 4: Page 9, Table 1- The authors mention the MB and RMSE over the entire study 

period. It's important to understand whether the model captures the diurnal variability of 

meteorological factors, aerosols, and trace gas components. This is especially critical for 

accurately reproducing NPF characteristics. While the table describes the comparison at 



Lulang, and the average values seem promising, is it possible to compare/validate the 

regional distribution of some of these parameters? 

Response: Thanks for the comment. To address your concerns, we have added the 

evaluations of our model's performance by incorporating a comparison of 

the spatial patterns of observed 2-meter temperature, 10-meter wind speed, 

SO2 concentrations, and PM2.5 concentrations with model simulations. 

Fig. R1a-d illustrates the comparison of our simulation results with observed 

meteorological fields obtained from the Integrated Surface Database 

(https://www.ncei.noaa.gov/products/land-based-station/integrated-surface-

database). The model demonstrates a commendable ability to capture the 

topographically induced contrast in temperature between the Tibetan Plateau 

and South Asia, as well as accurately representing wind speed patterns. 

To further validate the regional distribution of key parameters, we utilized 

air quality data from Chinese national monitoring stations, sourced from the 

China National Environmental Monitoring Centre. Specifically, our focus 

was on evaluating the model's simulation of NPF-relevant pollutants, e.g. 

SO2 and PM2.5. Fig. R1e-h presents the spatial patterns of SO2 and PM2.5 

concentrations, highlighting the model's effectiveness in capturing the 

regional distribution of these pollutants.  

Considering the referee’s points, these additional evaluations of spatial 

distributions have been incorporated into the revised Section 2.2 (Lines 200–

205) of the manuscript and Fig. S1 in the supplementary information. 

 

 

 

 

 

 



 

Fig. R1. Averaged spatial distributions of (a) observed and (b) simulated 2-m 

temperature during 28–30 April. Averaged spatial distributions of (c) observed and (d) 

simulated 10-wind speed temperature during 28–30 April. Averaged spatial distribution 

of (e) observed SO2 at Chinese national air quality monitoring stations and (f) simulated 

SO2 concentrations during 28–30 April. Averaged spatial distribution of (g) observed 

PM2.5 concentrations at Chinese national air quality monitoring stations and (h) 

simulated PM2.5 concentrations during 28–30 April. Here, the surface weather data are 

accessible at the Integrated Surface Database 

(https://www.ncei.noaa.gov/products/land-based-station/integrated-surface-database). 

https://www.ncei.noaa.gov/products/land-based-station/integrated-surface-database


The air quality dataset at the national monitoring stations is available from the China 

National Environmental Monitoring Centre (http://www.pm25.in). 

 

Comment 5: Page 12, Figure 3- Some of the NPF days showed morning peaks in number 

concentrations, which were associated with wood burning in a nearby residential cottage. 

Is this a regular practice? If so, residential burning near the measurement site could 

regularly influence NPF formation. For instance, on April 30th, it appears that NPF 

growth is influenced by the introduction of particles from wood burning. Is this 

phenomenon very local or more regional? If this practice is very localized, can the results 

be considered as specific to this region and not applicable to a larger area such as southern 

TP? 

Response: Thanks for the comment. The morning peaks in number concentrations during 

28-40 April, as illustrated in Fig. 3, are associated with wood burning in 

single nearby residential cottage. This practice is a regular occurrence during 

morning hours. It is essential to clarify that these biogenic burning signals 

are specific to very local emissions originating from the mentioned cottage. 

To assess the potential impact of this local burning on NPF, we examined 

black carbon (BC) concentrations measured by The Multi-Angle Absorption 

Photometer (MAAP, Thermo-Scientific Inc.) at our site. Notably, the BC 

concentration was extremely high during the wood burning period while 

relatively low during NPF event in the afternoon (Fig. R2). This observation 

suggests that the NPF growth process is minimally influenced by wood 

burning, reinforcing the notion that our results can be considered applicable 

to the regional scale. Furthermore, the characteristic "banana" shape in the 

particle number size distribution surface plot, as depicted in Fig. 3, signifies 

that nucleation and growth processes occur on a regional scale. This 

"banana" shape is a well-established criterion for identifying regional NPF 

events (Kulmala et al., 2012). This supports the generalizability of our 

findings beyond the localized impact of the nearby cottage, affirming the 

regional significance of NPF event. Meanwhile, the simulation results also 

support that the NPF event occurred on a regional scale in the southeastern 

Tibetan Plateau. Considering the referee’s points, we have added more 

discussions in the Lines 297–299 in the revised Section 3.1 of the manuscript 

and added Fig. R2 in Supplement Information. 

 

 

 



 

Fig. R2. (a) Temporal evolution of particle number size distribution and (b) BC 

concentrations measured in Lulang during 28–30 April, 2021. All time is in the UTC+8 

time zone in this study. 

 

Comment 6: Page 12, Figure 3- Please elaborate on the start times and end times of all the 

NPF events. 

Response: Thanks for the comment. The range of start times of all NPF events is 9:00–

13:30 and the range of end times is 13:00 –20:10. Considering the referee’s 

points, we have added a table showing statistics (including the start times 

and end times) on NPF events in the supplementary information (Table S1 

or Table. R1).  

 

Comment 7: Page 15, line 316-318- “The potential role of transport is also suggested by 

Fig. 3a, which … especially on 29 April.” 

Would this also suggest that there has been cluster formation somewhere else, transported, 

and that the growth is rather observed at the Lulang site? 

Response: The particle number size distribution shown in Fig. 3a reveals a high 

concentration of particles larger than 10 nm and relatively low 

concentrations of sub-10 nm particles, especially on April 29. It suggests 

the potential for cluster formation elsewhere followed by transport to the 

Lulang site. This observation aligns with our hypothesis that the observed 

NPF event is significantly influenced by regional transport or convective 

motions. We have modified the discussions in Lines 353-354 and 356-357 

in revised manuscript. 



 

 

Comment 8: Page 17, line 348-350- “The typical “banana” shape particle number size 

distribution showing nucleation and subsequent … a regional scale.”  

This description could probably be added in either the measurement or the results section 

when describing the characteristics of NPF. 

Response: Thanks for the comment. We added this sentence in the results section when 

describing the characteristics of NPF in the revised Section 3.1 (Lines 295–

297) of the manuscript. 

 

Comment 9: Page 16, Figure 5- It appears that on the 28th of April, there are preexisting 

aerosols (30 -90 nm) present in comparison to the observations. This raises the question of 

whether the emission inventories used in the model are consistent with the observations, a 

task that is challenging to maintain. Consequently, it would be good to consider what kind 

of uncertainties might arise from this misrepresentation, if any, in the formation of NPF.  

Response: Thanks for the comment. In our study, anthropogenic emissions were sourced 

from the mosaic Asian anthropogenic emission inventory (MIX) for the year 

2010, incorporating specific emissions for China from the Multi-resolution 

Emission Inventory for China (MEIC) for the year 2017. The MIX inventory, 

designed for 2008 and 2010, amalgamates up-to-date regional emission 

inventories to support Model Inter-Comparison Study for Asia (MICS-Asia) 

and Task Force on Hemispheric Transport of Air Pollution (TF HTAP) 

initiatives (Li et al., 2017b). MEIC, a widely used bottom-up emission 

inventory model for chemical simulation in China, encompasses 

approximately 700 anthropogenic sources over China (Zheng et al., 2018). 

It is acknowledged that emission estimates from these inventories are subject 

to uncertainties due to the lack of complete knowledge of human activities 

and emissions from different sources. Li et al. (2017b) outlined uncertainty 

range estimates for MIX, indicating relatively small for species dominated 

by large-scale combustion sources (e.g., SO2, NOx, and CO2) but larger for 

species mainly emitted by small-scale and scattered sources (e.g., CO, 

NMVOC, and carbonaceous aerosols). MEIC uncertainty range estimates 

were also reported (Li et al., 2017a; Zheng et al., 2018). The challenge of 

anthropogenic emission inventory uncertainties is particularly pronounced 

in the Tibetan Plateau due to data paucity and unreliable locally measured 

emission factors. 

The mosaic process in compiling MIX introduces uncertainties from 



inconsistencies among datasets, missing species, closure of mass balances, 

and border inconsistencies (Janssens-Maenhout et al., 2015). Moreover, 

gridded emissions from MIX are only available for 2008 and 2010, which 

may introduce temporal discrepancies. To partially address this issue, we 

updated the emissions in China with the MEIC inventory available for the 

year 2017.  

As a result, the uncertainties in emission inventories, especially for NMVOC 

and carbonaceous aerosols, could influence the simulation of atmospheric 

oxidation capacity and sinks, potentially affecting the simulation of NPF. 

The discrepancies between model results and observations shown in Fig. 5 

could be attributed to the uncertainties in emission inventories. Considering 

the referee’s points, we have added more discussions to address the 

uncertainty of the emission inventories in the Section 2.2 (Lines 177–180) 

of the revised manuscript. 

 

Comment 10: Page 17, Figure 6. The model results indicate that the nucleation and growth 

of aerosol particles extended widely over southeastern TP. It is interesting to note that 

nucleation events are not observed in the northeastern part of India (below southern TP), 

despite its high impact from biogenic sources, ammonia from agricultural activities, and 

anthropogenic sources. What are the other underlying conditions that favor nucleation 

events more in the southern TP region? Can this be explained by the higher OH radical 

concentration, which is a key oxidant for forming H2SO4, observed in the southeastern TP? 

 Response: Thanks for the comment. The extended nucleation and growth of aerosol 

particles over the southeastern Tibetan Plateau (TP), as indicated in Figure 

6, indeed raises an interesting contrast with the lack of nucleation events in 

the northeastern part of India. Previous observations in the northeastern part 

of India (e.g. in Ranichauri and Mukteshwar) also reported infrequent new 

particle formation event compared to the high altitudes of TP (Venzac et al., 

2008; Neitola et al., 2011; Sebastian et al., 2022). This discrepancy can be 

attributed to several underlying conditions. 

One notable factor is the higher concentration of the hydroxyl radical (OH), 

a key oxidant crucial for forming sulfuric acid (H2SO4) and indicative of 

atmospheric oxidizing capacity. The southeastern TP exhibits elevated OH 

radical concentrations compared to the northeastern India, creating more 

favorable conditions for nucleation events. Additionally, the Tibetan Plateau, 

being a relatively pristine environment, experiences a significantly lower 

condensation sink (CS) in comparison to South Asia, as illustrated in Fig. 

7c. The condensation sink quantifies the role of pre-existing particles in 

removing condensable vapors and newly formed particles from the 

atmosphere. The combination of a strong atmospheric oxidizing capacity 

and a low condensation sink over the Tibetan Plateau creates conditions that 



are more conducive to NPF. This sheds light on the intricate interplay of 

atmospheric factors influencing NPF in different regions. 

 

Comment 11: Page 19, line 374-377- “In contrast, the OH radical concentration, which is 

a key oxidant for forming…ozone background over the TP”.  

The OH radical concentrations are also high over the Brahmaputra valley region and 

Bangladesh (Figure 7b), which are also the regions showing higher aerosols. How does 

the mechanism of OH formation differ over these regions from southern TP. 

 Response: Thank you for the comment. The concentration of hydroxyl radicals (OH) 

is influenced by both sources and sinks. On one hand, OH is a major 

atmospheric oxidant primarily produced in the global troposphere through 

the UV photolysis of ozone (Levy, 1971). This process involves the 

production of electronically excited O(1D) atoms, which react with water 

molecules to form OH. Therefore, factors such as ozone concentration, air 

humidity, and UV radiation intensity determine the rate of OH generation. 

In the polluted lower atmosphere, OH can also be efficiently produced by 

the photolysis of nitrous acid (HONO) (Fu et al., 2019). It's noteworthy that 

hydroperoxy radicals (HO2) can react with NO to recycle back to OH, with 

the photolysis of formaldehyde (HCHO) serving as the primary source of 

HO2 (Tan et al., 2019; Ehhalt and Rohrer, 2000). On the other hand, reactions 

with carbon monoxide (CO) and hydrocarbons constitute the major sinks for 

OH. 

In the polluted Brahmaputra valley region and Bangladesh, as depicted in 

Figs. R4a and R4b, elevated levels of formaldehyde (HCHO) and nitrogen 

dioxide (NO2) contribute to OH production. HCHO is a precursor for the 

production of hydroperoxy radicals (HO2), which can further convert to OH. 

The high concentration of NO in these regions enhances the conversion of 

HO2 to OH. Furthermore, the UV photolysis of ozone is promoted due to the 

presence of abundant ozone precursors in these polluted areas (Fig. R4c). 

The photolysis of HONO also contributes to OH production in the polluted 

Brahmaputra valley (Fig. R4e). However, it may be underestimated due to 

the absence of the heterogeneous generation and primary emission of HONO 

in the current version of model.  

In the southern Tibetan Plateau (TP), OH production is facilitated by factors 

such as intense solar radiation, a high ozone background (Fig. R4c). The 

presence of abundant water vapor enhances the chemical production of OH 

radicals over the TP (Fig. R4d). Notably, the lower concentration of alkenes 

(Fig. R4f) indicates a reduced sink for OH, contributing to the higher OH 

concentration over the TP. We have more discussions on spatial distribution 



of OH in the revised manuscript (Lines 417–419) and present Fig. R3 in the 

Supplement. 

 

 

  

Fig. R3. Average spatial distributions of simulated near-surface (a) formaldehyde 

(HCHO) concentrations, (b) NO concentrations, (c) O3×O3 photolysis rate, (d) relative 

humidity, (e) nitrous acid (HONO) concentrations, (f) alkenes concentrations during 

28–30 April. Note: The black star marks the location of the Lulang site. 

 

 

 

Comment 12: Page 19, line 391-393- “The vertical simulation of zonal averaged wind 

vector and NH3 concentrations over 94–96 °E … TP.” 

This is where the coarse resolution of the model could result in the misrepresentation of 

vertical velocities, which is always difficult to simulate. The Himalayan ranges have 

complex topography. How do you think this would impact the long-range transportation of 

pollutants from South Asia? For example, in Figure 8b, the transfer of pollutants across 

higher elevations could require both local and synoptic influences in terms of advection 

and vertical mixing. What do the vertical velocities look like in the model simulation? 



 Response: Thank you for your comment. The impact of the complex topography of 

the Himalayas on the long-range transportation of pollutants from South 

Asia to the Tibetan Plateau (TP) is a crucial aspect to consider. The intricate 

interplay between large-scale circulation and local valley wind patterns 

significantly influences the transport mechanisms. 

Although previous studies have confirmed the transport of pollutants across 

the Himalayas, the complex topography of the TP complicates transport 

mechanisms. On one hand, Cao et al. (2010) revealed that the Himalayas 

acted as a huge barrier to the transport of a large amount of BC over the 

plateau based on model simulations. On the other hand, some studies found 

that the valleys across the Himalayas served as channels for the efficient 

transport of pollutants (Hindman and Upadhyay, 2002; Marinoni et al., 

2010).  

The complex topography tends to weaken overall wind speed due to 

orographic drags. However, it simultaneously generates more small-scale 

mountain-valley circulations and enhances valley winds over the Himalayan 

region compared to smoother topography. Studies investigating the impact 

of resolution on transport processes over the TP have primarily focused on 

moisture using the Weather Research and Forecasting (WRF) model (Shi et 

al., 2008; Karki et al., 2017; Lin et al., 2018; Wang et al., 2020). These 

studies found that while the resolved complex topography yielded more 

small-scale mountain-valley circulations and enhanced valley winds, the 

overall moisture transport across the Himalayas towards the TP was weaker 

with complex topography due to orographic drags. In the contrast, Zhang et 

al. (2020) observed a 50% higher overall transport flux of pollutants across 

the Himalayas in the simulation with complex topography, even though the 

overall wind speed was weakened. This was primarily attributed to the 

strengthened efficiency of near-surface meridional transport towards the TP, 

the enhanced wind speed at some valleys, and the deeper valley channels 

associated with the complex topography. 

Figs. 8a-b show that high concentrations of NH3 extending from South Asia 

accumulate on the southern slope of the Himalayas before overflowing into 

the TP region. To provide further insight into the transport pathways across 

the mountains, Fig. R4 illustrates the zonal-averaged vertical velocity over 

94–96 °E during the daytime. Near the southern part of the mountain, 

elevated concentrations of NH3 accumulate, reaching heights of up to 5 km, 

which could be advected to the TP with the prominent southerlies (Fig. R5). 

Additionally, up-valley winds during the daytime favour the transport of 

pollutants towards the TP (Fig. R4). 

Considering the referee’s comments, we have added more discussions in the 

section 3.2 (Lines 429–434) and supplementary information in the revised 



manuscript. 

 

 

Fig. R4. Latitude–height cross sections of vertical velocity averaged along 94–96°E 

during the daytime (12:00–18:00 UTC+8) of 28–30 April. Note: The pink dashed lines 

show the location of the research domain marked in Fig.6a.  

Comment 13: Page 20, Figure 8- To understand the long-range transportation of aerosols, 

it would be helpful to visualize the spatial distribution of wind vectors at around 3000m. 

 Response: Thank you for your comment. Fig. R5 illustrates the spatial distribution of 

wind vectors at around 3000 m together with NH3 concentration. This 

visualization provides additional insights into the long-range transportation 

of pollutants, showing that the high concentration of pollutants could be 

advected to the Tibetan Plateau (TP) via southwesterly winds. In conjunction 

with the up-valley winds shown in Fig. R4, it supports to illustrate the 

effective transport of pollutants towards the TP. 

Considering the referee’s comments, we have added discussion in the 

section 3.2 (Lines 429–434) and supplementary information in the revised 

manuscript. 



 

Fig. R5. Spatial distributions of simulated NH3 concentration together with wind fields 

at 3000 meters averaged from 12:00 to 18:00 during 28–30 April. 

 

Comment 14: Page 21, Figure 9: The overall contribution looks very informative. However, 

is it possible to examine the resultant diurnal evolution of the number of aerosol number 

concentrations measured vs. modeled, like Figure 5c but in terms of diurnal evolution? 

 Response: Thank you for your comment. Fig. R6 illustrates the comparison between 

the observed and simulated CN1-40. As depicted in the Fig. R6, the overall 

diurnal pattern is well captured by the simulation, despite a tendency to 

overestimate particle number concentrations, which could be attributed to 

various factors, including uncertainties in emission inventories, topography, 

and model resolution. The evening peak in simulated CN1-40 is primarily 

influenced by the condensation of condensable gases, with potential 

uncertainties arising from anthropogenic emission inventory limitations, 

given the scarcity of reliable data and locally measured emission factors. 

It's noteworthy that WRF-Chem demonstrates good agreement in 

reproducing the diurnal variation and magnitude of particle number 

concentrations during the daytime, which aligns with the primary focus of 

this study. This lends overall reliability to the results.  

Considering the referee’s comments, we have added discussions in the 

section 3.3 in the revised manuscript (Lines 461–463) and Fig. R6 in 

Supplement Information. 



 

Fig. R6. Diurnal evolutions of observed and simulated 1-40 nm particle number 

concentrations averaged during 28–30 April over the research domain. 

 

 

Comment 15: Page 24, line 460-462- “The lower PM2.5 concentration at the boundary 

layer top suggests a lower condensation sink … particles (Fig. S1b). 

Is the vertical distribution of PM2.5 simulated at Lulang, or is it the spatial average? 

 Response: Thanks for your comment. The vertical distribution of PM2.5 depicted in Fig. 

S1b represents the averaged simulation results over the region outlined by the 

pink dashed rectangle in Fig. 6a during the period from 28 to 30 April.  

As illustrated in Fig. 6a, our model indicates that the nucleation and growth of 

aerosol particles extend across a large regional expanse, spanning several 

thousand kilometers in the southeastern Tibetan Plateau. To provide a more 

comprehensive understanding of the nucleation and growth processes in this 

region, our analysis extends beyond Lulang to encompass the broader area 

marked by the pink dashed rectangle in Fig. 6a.  

 

Comment 16: Page 24, Figure 11b-c- The vertical mixing follows a diurnal cycle and 

responds to the diurnal variation of temperature, and the PBL. The lower boundary layer 

traps more pollutants closer to the surface, as observed in the supplementary figure. The 

PBL plays a significant role in the diurnal pattern of aerosol loading. So, how is this 

process unique concerning NPF formation? Is vertical mixing influenced by other factors 

such as convection or precipitation over the study location? 



 Response: Thanks for your comment. Our investigation reveals that vertical mixing 

plays a pivotal role in shaping the vertical heterogeneity of new particle 

formation (NPF). This process significantly influences the chemistry 

stratification of NPF-relevant pollutants within the planetary boundary layer 

(PBL) by modulating the transport processes. NPF-relevant factors exhibit a 

non-uniform distribution vertically, primarily attributed to the evolution of 

the PBL. This is evident in the decreasing PM2.5 concentrations with 

increasing altitude, acting as a sink for condensable gases and nanoparticles. 

Furthermore, particles formed at NPF-preferential level would influence 

aerosol number concentrations at different altitudes through vertical mixing. 

As discussed in section 3.2, near-surface nucleation induced by 

anthropogenic-biogenic interactions is facilitated over the southeastern 

Tibetan Plateau, resulting in the formation of substantial nanoparticles. 

These newly formed nanoparticles are then transported upwards through 

vertical mixing within the PBL (Fig. 11a). During this ascent, they encounter 

a notable reduction in air temperature and PM2.5 concentration in the upper 

PBL (Figs. S5b-c). These altered conditions create an environment 

conducive to the condensational growth of small particles (Fig. 11b), leading 

to an increased concentration of particles within the 10–40 nm size range in 

the upper air (Fig. 10c). Subsequently, the particles that undergo growth 

through condensation in the upper air are effectively transported back down 

to lower altitudes by vertical mixing (Fig. 11c). This process significantly 

enhances particle concentrations in the size range of 10–40 nm near the 

surface, as observed in the CN10–40 measurements (Fig. 9b). 

As NPF mostly occurred in nearly clear-sky days, the vertical mixing 

influenced by convection or precipitation were not considered in this study. 

 

 

 

Comment 17: Page 25, line 490-491- “On clear-sky days, a high frequency of NPF 

exceeding 60% was observed.” 

The frequency of NPF occurrence is not clear in the current study. The measurements were 

conducted during the period from April 4 to May 24, 2021. Please provide details 

regarding the number of occurrences, start time, end time, etc. If the study is based solely 

on selected days, please include this clarification in the measurement section. 

Response: Thanks for your comments. We have added a table providing statistics on 

NPF events in the supplementary information, including the number of 

occurrences, start time, end time, formation rate and growth rate on NPF days. 



 

Table R1 The statistics of NPF parameters in Lulang. Note: the NPF start and end time, 

formation rate (J1.5 nm and J3 nm) and growth rate (GR<3 nm, GR3-7 nm, GR7-15 nm) are the 

median values.  

Parameter Value 

NPF frequency 21.3% 

NPF frequency of clear-sky day 66.7% 

NPF start time (UTC+8) 11:50 

NPF end time (UTC+8) 17:00 

J1.5 nm (cm-3 s-1) 1.3 

J3 nm (cm-3 s-1) 0.2 

GR<3 nm (nm h-1) 0.6 

GR3-7 nm (nm h-1) 2.5 

GR7-15 nm (nm h-1) 5.4 
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Responses to reviewer #2 

Review of New particle formation induced by anthropogenic-biogenic interactions 

in the southeastern Tibetan Plateau, Lai et al. 

This manuscript contains a suite of high-quality measurement data showing H2SO4, 

HOMs, and a PNSD from the Tibetan plateau. Frequent NPF was observed and an 

analysis of both the measurement data and some very impressive WRF-Chem 

simulations are presented giving some fascinating insights into the chemistry on a 

larger scale than measurements allow. The WRF-Chem simulations are possible due 

to some improvements to the VBS. The methodology for both the measurements and 

model are, however, extremely sparse. The developments to VBS are not discussed 

at all, neither are the processing of the measurement data. Similarly, the analysis of 

the mass spectral data is not given enough time. Many of the key arguments depend 

on the HOMs being monoterpene oxidation products, but the mass spectra are not 

discussed in detail. I understand that this would result in a very large paper so I 

think these things belong in the supplement. Once these are addressed, I very highly 

recommend this for publication as it is an extremely impressive paper. 

 

Response: We would like to thank the referee for providing the insightful 

suggestions, which indeed help us further improve the manuscript. 

 

General comments 

1) The methodology regarding instrumentation is a little bit thin-on-the-ground. It 

would be nice to have more information about the equipment. What flow rates 

were the instruments run at? Did they share an inlet? Did the PSM run in 

scanning mode? What were the time resolution? How were the PTR and CIMS 

instruments calibrated? What about mass-dependent transmission corrections? 

This information can go in the supplement, but it is important. 

Response: Thanks for your comment. The particle number size distributions (PNSDs) 

in the size range from 1 nm to 20 µm were collectively measured using five 

instruments, including a Particle Size Magnifier (PSM, Airmodus Inc.), a 

Neutral cluster and Air Ion Spectrometer (NAIS, Ariel Inc.), two Scanning 

Mobility Particle Sizers (nano-SMPS and long-SMPS, TSI Inc.) and an 

Aerodynamic Particle Sizer (APS, TSI Inc.). The PSM was operated in the 

scanning mode, with the saturator flow rate continuously changing from 0.1 

L/min to 1.3 L/min. The NAIS observed air ion number size distributions 

from 0.8 nm to 40 nm and particle number size distributions from 2 nm to 

40 nm. The nano-SMPS and long-SMPS share similar configurations but 



differ by a differential mobility analyzer (DMA) and a condensation particle 

counter (CPC) for measuring PNSDs in the size range of 4−70 nm and 

12−540 nm, respectively. The APS measures the PNSD from 500 nm to 20 

μm in the aerodynamic diameter. The sample air of nano-SMPS, long-

SMPS and APS were dried using the silica gel dryer. The inlet flow rate of 

PSM, NAIS, nano-SMPS, long-SMPS and APS were 2.5 L/min, 54 L/min, 

1.5 L/min, 1 L/min and 5 L/min, respectively. Throughout the intensive 

campaign, nano-SMPS and long-SMPS shared one inlet tube while the other 

instruments used separated inlet tubes. The PNSD in the overlapping size 

ranges detected by different particle sizers demonstrated good agreement. 

To obtain the PNSD from 4 nm to 1000 nm, the SMPS data and APS data 

were merged by following the method described by Beddows et al. (2010). 

The time resolution of PSM, NAIS, nano-SMPS, long-SMPS and APS data 

were 4 min, 3.5 min, 5.5 min, 5.5 min and 5.5 min, respectively.  

The monoterpene concentration was measured by a Proton Transfer 

Reaction Time-Of-Flight Mass Spectrometer (PTR-TOF-MS, Ionicon 

Analytik Inc.). During the campaign, the transmission function of the PTR-

TOF-MS was calibrated with a 15-component gas mixture standard that 

included isoprene, α-pinene, benzene, and toluene. A nitrate Chemical 

Ionization with the Atmospheric Pressure interface Time-Of-Flight mass 

spectrometer (CI-APi-TOF, Aerodyne Research Inc.) was used to detect the 

H2SO4 and HOMs (Jokinen et al., 2012). H2SO4 was calibrated during the 

campaign by utilizing a stable and adjustable concentration H2SO4 source 

(Kürten et al., 2012). The mass-dependent transmission correction of the CI-

APi-TOF was determined by following the method described by Heinritzi et 

al. (2016), by depleting the reagent ions with several perfluorinated acids 

before the campaign.  

To address your concern, we have included additional information regarding 

instrumentation (section S1) in the supplementary information section for 

further clarity. 

 

2) Comment: The improvements to WRF-Chem are very valuable! But barely 

discussed. You say you updated VBS to incorporate RO2 chemistry, including 

autoxidation and dimerization! Is this similar to existing work such as 

PRAM/autoPRAM? (1). This should definitely be discussed in detail (again, 

even if only in the supplement) as the outcomes of the paper hinge on these 

results. Also, are there plans to make these improvements available widely? 

Response: Thanks for your comment.  

Previous studies have demonstrated that oxidation of monoterpene could 

generate large amounts of ultra- and extremely low-volatility organic 

compounds, which are important precursors for NPF (Ehn et al., 2014). Thus, 



in our study, the peroxy radicals (RO2) chemistry we accounted for is 

specific to monoterpenes. The modified volatility basis set (VBS) 

framework we used in WRF-Chem explicitly represents peroxy radicals 

(RO2) chemistry and distributes products into the appropriate volatility bins 

after RO2 termination into stable molecules. In the modified VBS framework, 

organic species are lumped into the C* bins, with C* ranging from 10−9 to 

105 μg m−3, separated by powers of 102 (i.e., 8 bins in total).  

The reactions begin with oxidation of monoterpene with O3, OH, and NO3, 

producing peroxy radicals (RO2). The model distinguishes two types of 

peroxy radicals: one with the potential for autoxidation and the other without. 

The radical termination proceeds via unimolecular termination or reactions 

with HO2, NO, or another peroxy radical. Peroxy radical cross-reactions can 

produce dimers (ROOR), and the fraction of dimers in all cross-reaction 

products is assumed to depend on the volatility of the reacting peroxy 

radicals. The non-dimer cross-reaction products, as well as the termination 

products via unimolecular termination or reaction with NO, undergo either 

functionalization or fragmentation. The reactions and rate coefficients in our 

work are summarized in Table S1 of Schervish and Donahue (2020). It is 

noteworthy that the mechanism of peroxy radical autoxidation used in this 

study was similar with that in PRAM/autoPRAM (Roldin et al., 2019), but 

it is a simplified version due to the computational efficiency of the regional 

transport model. We map the stable molecules generated from each peroxy 

radical termination pathway to a distribution of species in the VBS space 

through kernels, allowing us to represent the wide variety of both peroxy 

radicals and stabilization reactions (Schervish and Donahue, 2020). The 

kernels used in this work are summarized in Tables S3–S6 of Schervish and 

Donahue (2020). 

To address your comment, we have added discussions in the supplementary 

information (section S2) to provide more details about the improvements 

made to the WRF-Chem model, especially regarding the updates to the VBS. 

Additionally, we want to clarify that the modified codes of WRF-Chem in 

this study are available upon request to the corresponding authors. 

 

 

 

3) Similar to the previous comments, as your arguments hinge on the HOMs being 

monoterpene oxidation products, it would be nice if you showed them in more 

detail. The mass defect shows them, but you’ve lumped C6-10 together. Why not 

colour it by carbon number? I’d also like to see DBE per carbon, and average 

oxidation state. Otherwise I have no idea what the HOMs actually are. I’d need 

to be satisfied that the HOMs are similar to alpha-pinene oxidation products, as 



many of the later arguments depend on alpha pinene lab studies. 

Response: Thanks for your comment. We have modified the mass defect plot (Fig. 3c 

or Fig. R1c) in the revised manuscript, by colouring the values by carbon 

number. Fig. R1c shows the mass defect plots of negative ion cluster during 

the NPF period on 29 April. Many ions with m/z values higher than 300 Th 

and carbon number higher than 10 were observed during the NPF, suggesting 

the contribution of HOMs to the nucleation.  

During 28-30 April, 2021, the median double bond equivalent (DBE) and 

DBE per carbon of neutral HOMs observed by CI-APi-TOF were 2.97 and 

0.34, respectively. Moreover, the C10 HOMs dominated the carbon 

distribution of HOMs, with the fraction of 32%. All those evidences suggest 

that the HOMs are mainly formed by the oxidation of monoterpene oxidation. 

The detailed data analysis of CI-APi-TOF data (e.g. bin-PMF etc) is beyond 

the scope of this study. Our another work will focus on the pathway of HOMs 

formation from monoterpene oxidation in the southeastern part of Tibetan 

Plateau. Nevertheless, we have presented required results from CI-APi-TOF 

measurements to support that HOMs in the southeastern part of Tibetan 

Plateau are mainly from monoterpene oxidation in the revised manuscript 

(Lines 327-332). 

We indeed improved the WRF-Chem model based on the mechanism of 

alpha-pinene oxidation, as a large number of lab experiments have thoroughly 

investigated this mechanism. Various monoterpenes including alpha-pinene, 

beta-pinene and limonene are grouped together in the WRF-Chem, which 

leads to the uncertainties in the modelling of HOMs. The yield of HOMs is 

higher for alpha-pinene than for beta-pinene, while lower than for limonene. 

In the revised manuscript, we have added the discussions on the model 

uncertainties in the supplementary information (section S2). 

 



 

Fig. R1. (a) Nucleation rates (J1.7) as a function of H2SO4 concentration at ambient 

observations in Lulang (green circles), Hyytiälä (gray circles) (Sihto et al., 2006; 

Kulmala et al., 2013) and CLOUD experiments (red diamonds) (Lehtipalo et al., 2018). 

The cyan and blue lines denote ternary (H2SO4-NH3-H2O) nucleation and binary 

nucleation (H2SO4- H2O), respectively, based on CLOUD data in Kürten et al. (2016). 

(b) Averaged diurnal variations of H2SO4 concentrations and HOMs concentration on 

NPF days in Lulang. The solid lines are the median values and shaded areas denote the 

25th or 75th percentiles. (c) A mass defect plot illustrating the chemical composition of 

negative ion clusters at 12:00 on 29 April. The size and color of symbol size correspond 

to the relative signal intensity on a logarithmic scale and carbon number, respectively.  

(d) Formation rate at 10 nm (J10) versus formation rate at 3 nm (J3) at ambient 

observations in Lulang (diamonds). Diamonds are color-coded by condensation sink. 

Error bars present the 25th - 75th percentiles. The solid grey line shows the relationship 

between J10 and J3 based on theory (Kulmala et al., 2012) and the uncertainties are 

shown by the shaded bands. Dash 1:1 line is shown for reference. 

 

Specific comments 

1. Line 223: I’m not sure I understand the logic here, why only those species with 

C* of 10-9 and 10-7? Why not 10-8? Surely this would avoid you having to input the 



factor-of-six adjustment?  

Response: Thanks for your comment.  

In this study, we aimed to encompass the broad volatility spectrum of 

organic vapors while balancing computational efficiency. To achieve this, 

biogenic organic species are lumped into eight volatility bins having 

saturation vapor concentrations (C*) of 10-10–10-9,10-8–10-7,10-6–10-5,10-4–

10-3,10-2–10-1,100–101,102–103,104–105 µgm−3. 

Lehtipalo et al. (2018) demonstrated that, among Highly Oxygenated 

Molecules (HOMs), only organic vapors with ultra-low or extremely low 

volatility are significant contributors to nucleation. Hence, in our model, 

surrogate species with C* values lower than 10-7 µgm−3 formed from 

monoterpene oxidation are considered as the nucleating vapors. Considering 

the referee’s points, we clarified in the revised manuscript (Lines 249, 252). 

 

2. Line 229: Can you explain the temperature dependence function? 

Response: Thanks for your comment.  

The temperature dependence function for organic nucleation in our study is 

derived from the work of Dunne et al. (2016). 

Dunne et al. (2016) determined the temperature dependence through the 

Atmospheric Cluster Dynamics Code model (ACDC) studies based on 

quantum chemical calculations of cluster binding energies. They used the 

organic proxy compound 3-methyl-1,2,3-butane-tricarboxylic acid 

(MBTCA) for their calculations. MBTCA was chosen because it is a well-

known compound formed in the oxidation of volatile organic compounds 

and has a high O:C ratio. The formation free energies for MBTCA-sulfuric 

acid clusters were already available from previous works (Riccobono et al., 

2014). 

However, it's important to note that this estimation could potentially lead to 

a stronger temperature dependence than reality. This is because the 

isomerization reactions that create organic molecules with sufficiently low 

volatility to participate in nucleation are slower at low temperatures. In these 

cases, instead of isomerization, organic peroxy radicals react with other 

peroxy radicals to create stable, less oxidized species, leading to a decrease 

in oxidation levels. 

To address this, Dunne proposed a plausible weaker temperature 

dependence, which lies between the extremes of zero temperature 

dependence and the MBTCA case. The expression used for the temperature 

dependence is as follows: 

Jorg’ = Jorg exp(−(T − 278)/10) 

This formula represents the temperature dependence we apply in our model.  



To address your concern, we have included additional information regarding 

the temperature dependence in the supplementary information (section S3) 

for further clarity. 

 

 

3. Line 279: Not sure Qi and Riccobono are the right references here. Maybe 

these two: (2, 3) as the former shows the formation of particles primarily through 

HOMs, while the latter shows the importance of HOMs as well as H2SO4 + NH3 

in the boreal environment a little more accurately than Riccobono. Maybe also 

(4) to show their role in growth. 

Response: Thanks for your comment. We have modified the references in the revised 

manuscript (Lines 313–314). 

 

 

4. Figure 3: This figure is great. Is it possible to include one for the whole 

campaign including H2SO4 and HOM? Also maybe use a different colour palette 

other than Jet (maybe Turbo or Viridis). Same for the other figures. 

Response: Thanks for your comment. We modified the Fig. 3a, by using Turbo 

colormap in the revised manuscript (Fig. R2). The time series of particle 

number size distribution from 1 nm to 1000 nm, ion number size distribution, 

SO2, monoterpene, O3, H2SO4 and HOMs during the whole campaign were 

presented in Supplemental Information (Fig. R3) and we added descriptions 

in the revised manuscript (Lines 291–292). 



 

Fig. R2 Temporal evolution of (a) particle number size distribution from 1 nm to 1000 

nm, (b) positive ion number size distribution from 0.8 nm to 40 nm. Note that the high 

peaks of number concentrations around 10–200 nm observed in the morning was caused 

by the wood burning in a residential cottage near the site. (c) SO2, monoterpene and O3 

concentrations measured in Lulang site during 28–30 April, 2021. All time is in the 

UTC+8 time zone in this study. 

 



 

Fig. R3. Time series of (a) particle number size distribution from 1 nm to 1000 nm, (b) 

positive ion number size distribution from 0.8 nm to 40 nm, (c) SO2, monoterpene and 

O3 concentrations, (d) sulfuric acid and HOMs concentrations during the observation 

campaign in Lulang from 4 April to 24 May, 2021. 

 

5. Figure 4c: As above, the sequence of greens is quite difficult to understand here. 

Also, is the choice of red + green for sulphuric acid + H2SO4 color blind friendly? 

Response: Thanks for your comment. We have modified Fig. 4c considering color blind 

friendly (see Fig. R1). 

 

6. Figure 5b,c: I’m finding these bar charts slightly hard to read. Why do the charts 

start at <101 cm-3? It makes the actual difference quite hard to see. Why not a boxplot 



with a Y axis? Then we’d be able to see the min/max concentrations measured & 

predicted by the model, as well as the distribution, and median value. 

Response: Thank you for the comment. We re-plotted Figure 5b,c using boxplots (see 

Fig. R4).  

 

Fig. R4. (a) Simulated particle number size distribution in Lulang. (b) Observed and 

simulated H2SO4 and monoterpene concentration in Lulang. Bars are the median value 

during 28–30 April. The horizontal lines of box represent the 66th percentile, median 

and 33rd percentile and the whiskers represent the 75th and 25th percentiles. (c) Same as 

Fig. 5b but for number concentrations of 1–10 nm and 10–40 nm particles. (d) The 

observed and simulated particle number size distributions averaged from 12:00 to 18:00 

during 28–30 April. The gray squares and gray circles show the measurements by NAIS 

and SMPS, respectively. Red, blue and orange lines represent the NPF-on, NPF_inorg 

and NPF-off experiments.  

 

7. Figure 5d: It looks like there’s a factor of 2-3 difference between the point where the 

NAIS and SMPS cross over. Do you have a reference instrument you can correct to? If 

not, it’s common practice to correct the NanoSMPS/NAIS to the LongSMPS. In either 

case, it doesn’t make any difference to the conclusions of the figure. 

Response: Thank you for the comment. We corrected particle number size distribution 

observed by NAIS to the that observed by LongSMPS and re-plotted Fig. 

5d (see Fig. R4). 

 

8. Line 384: Do you mean “high values” rather than “certain values”? 

Response: Thanks for your comment. Due to the strong atmospheric oxidizing capacity 



and low condensation sink (CS), H2SO4 concentrations can reach relatively 

high values, especially on the Tibetan Plateau (TP) compared to the 

surrounding areas. However, it's important to note that, in an absolute sense 

(or compared with the H2SO4 concentration in polluted environments), we 

do not consider the sulfuric acid concentration to be very high, as the 

average value is below 1 ppt. 

Considering the referee’s comments, we have modified the sentence in the 

revised manuscript (Lines 423–424). 

 

 

 

9. Line 386 (and following paragraph): What about the SO2? If that is also 

anthropogenic (which I’d presume it is as I doubt there’s much DMS up there) 

then this strengthens your biogenic-anthropogenic argument. 

Response: Thanks for your comment. Indeed, SO2 is also of anthropogenic origin and 

aligns with NH3 in its characteristics in the simulation. SO2, primarily 

derived from coal combustion in power generation and industrial 

production, displays high concentrations in South Asia (as depicted in Fig. 

7a). In addition to NH3, the southerly winds during the daytime can also 

transport SO2 to the TP, contributing to NPF over the TP. This additional 

information reinforces the biogenic-anthropogenic argument. The roles of 

DMS in H2SO4 formation were not considered as DMS was not observed 

and simulated in this study. 

Considering the referee’s comments, we have incorporated discussions 

about SO2 in the revised manuscript (Lines 411–413 and Lines 432–434). 

 

10. Figure 10: Is nucleation rate here J1.5, J3, or J10? Also, it might be easier to 

read if instead of “binary” and “ternary” you put H2SO4-H2O and H2SO4-NH3-

H2O. 

Response: Thank you for your comment. In this study, the nucleation rates presented in 

Figure 10 are based on parameterizations derived from the CLOUD 

experiments, specifically reporting nucleation rates at a mobility diameter 

of 1.7 nm. Therefore, strictly speaking, the nucleation rate in this study 

refers to J1.7. Considering the referee’s points, we clarified in Figure 10 that 

the nucleation rate corresponds to J1.7 in the revised manuscript (see Fig. 

R5). We also modified the “binary” and “ternary” to “H2SO4-H2O” and 

“H2SO4-NH3-H2O” in the revised manuscript. 



 

Fig, R5.  (a) Averaged diurnal evolution of vertical cross section of simulated 

nucleation rate (J1.7) over the research domain during 28–30 April. Note: The black 

dashed line shows the planetary boundary layer height (PBLH). (b) The relative 

contribution of different NPF pathways averaged over the research domain during 28–

30 April. (c) Same as Fig. 10a but for 10–40 nm particle number concentrations. (d) 

Same as Fig. 10a but for 10–40 nm biogenic organic mass concentrations. 

 

11. Line 461: What fraction of total CN10-40 mass does this Biogenic organic mass 

comprise? 

Response: Thanks for your comment. The biogenic organic mass comprises 17% of the 

total CN10-40 mass in our simulation. The concentration of pre-existing 

particles is overestimated due to the uncertainties in the emission inventories. 

Therefore, the model could underestimate the biogenic organic mass in the 

size range 10-40 nm as the HOMs from biogenic sources could condense on 

large particles. 

 

12. Line 462: Maybe worth considering that autoxidation rates also decrease with 

temperature (5) 

Response: Thanks for your comment. Indeed, the temperature-dependent factors 

influencing the condensation process of organic vapors are complex. While 

autoxidation rates tend to decrease with temperature, the volatility of 

organics also decreases at lower temperatures, introducing a competing 



effect (Stolzenburg et al., 2018). 

In our study, we found that changes in volatility play a leading role in the 

PBL. Consequently, the lower temperature at higher altitudes (Fig. S1c) 

creates more favorable conditions for the condensation process of organic 

vapors, leading to the counter-gradient of biogenic organic mass (Fig. 10d) 

and contributing to the subsequent growth of nanoparticles. 

We have added the discussions on the temperature-dependence of 

autoxidation rates in the revised manuscript (Lines 506–508).   
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