
Reply on RC2 

General comments: 

This study reported differential characterization of air ions in the boreal forest of Finland and the 

megacity of eastern China. The authors presented some interesting results. The manuscript is well-

written. After the following questions are considered, it would be worthy of publication in ACP. 

 

Response: We would like to thank the referee for the insightful comments, which have greatly 

improved our manuscript. The changes in the revised manuscript are highlighted in 

yellow. Below are our point-by-point responses to each comment. 

 

Specific comments:  

 

Comment 1: Air temperature was identified as a crucial factor influencing ion polarity. Thus, the 

temperature of the instruments themselves might affect ion polarity. Consequently, this could 

introduce bias at the two sites. How can these biases be avoided? 

 

Response: 

 

During measurement periods at SMEAR II and SOPRES, the NAIS instruments were 

operated according to the standard operating procedure provided by Manninen et al. 

(2016). At both sites, each NAIS was placed indoors in an air-conditioned 

environment maintained at approximately 25 °C, ensuring stable instrument 

temperatures and thus preventing potential temperature-induced biases or 

malfunctions. Therefore, the temperature of the instruments themselves is unlikely 

to affect the ion polarity measurements. As discussed in the manuscript on Page 8, 

line 226-231, we consider ambient air temperature to be the primary factor 

introducing differences in ion polarity at two sites. This is likely because elevated air 

temperatures enhance convective motions and turbulent mixing, thereby diminishing 

the Earth’s electrode effect and influencing ion polarity. 

To clarify that instrument temperature itself does not introduce such biases, we have 

added the following statement to Section 2.2 (Instrumentation, Page 5, line 133-134): 

“At both sites, each NAIS was placed indoors in an air-conditioned environment 

maintained at around 25 °C to ensure stable instrument temperatures and thus 

preventing potential temperature-induced biases or malfunctions.” 

 

Comment 2: What are the reasons that ion-induced nucleation could precede neutral nucleation in 

this polluted environment? 

 

Response: 

 

We thank the referee for the comment. As discussed on Page 21, line 489-497, we 

propose several possible reasons why ion-induced nucleation could precede neutral 

nucleation in a polluted environment: 

 

1. Small ions are more likely to be activated to growth than neutral particles 



at lower vapor supersaturations and ion-induced formation pathways are 

more important or even dominating at low vapor concentrations (Winkler 

et al., 2008; Wagner et al., 2017) 

2. The earlier onset of ion-induced nucleation may be associated with the 

relatively low vapor concentrations in the early morning, which facilitate 

the activation of charged clusters before neutral particles as vapor levels 

begin to rise with the increase in solar radiation. 

 

To clarify these points, we have revised the text on Page 21, Lines 488–497 to read: 

“As shown in Fig. 10, the formation of charged particles starts around an hour 

earlier than neutral particle formation at SORPES, suggesting that the ion-induced 

nucleation could precede neutral nucleation in this polluted area. This phenomenon 

may be explained by the fact that small ions are more easily activated to grow than 

neutral particles under lower vapor supersaturations (Winkler et al., 2008), and 

that ion-induced nucleation pathways are more important or even dominant at low 

vapor concentrations (Wagner et al., 2017). As ion-induced nucleation may require 

lower precursor vapor concentrations than neutral pathways, charged particles 

may be more readily activated in a polluted urban environment with limited low 

volatile or condensable vapors. The earlier onset of ion-induced nucleation may be 

linked to the relatively low condensable vapor concentrations in the morning, which 

enable charged clusters to activate earlier than neutral particles as vapor levels 

start to rise with the increase in solar radiation. Such early occurrence of ion-

induced nucleation has also been observed in other field measurements in Europe 

(Manninen et al., 2010; Gonser et al., 2014)” 

 

Comment 3, Lines 445–455: During new particle formation (NPF) events, both charged and neutral 

particles are present in the same atmospheric environment. What is the difference in their growth 

processes? 

 

Response: We thank the referee for this insightful question. Compared to neutral particles, 

charged clusters activate more readily and grow faster during the initial stages of 

NPF (Winkler et al., 2008), consistent with our observation that ion-induced 

nucleation can precede neutral nucleation. This might be because the electric 

charges increase the condensation of polar vapors on the charged clusters due to 

increased collision rate and/or enhance their growth by making the forming clusters 

more stable (decreased evaporation rate) (Laakso et al., 2003; Lehtipalo et al., 

2016). Once both ion and particle modes have formed during the growth process, 

the later-appearing neutral particles exhibit notably enhanced growth rates as 

particle size increases (Gonser et al., 2014). Consequently, the time difference 

between the earlier-occurring ion fraction and the total particle fraction gradually 

decreases, eventually vanishing completely. This apparent slowing of ion growth 

and acceleration of neutral particle growth indicate significant ion–particle 

interactions, including neutralization via ion–ion recombination and ion attachment 

to neutral clusters. These ion–particle interactions link and mutually influence the 



growth processes of charged and neutral particles, and this effect critically depends 

on the abundance of condensable vapors and the related strength of ion-induced 

nucleation (Gonzalez Carracedo et al., 2022) 

We have modified the paragraph on Page 21, Lines 488–497 to discuss on the 

differences in the growth processes of charged and neutral particles. 

 

Comment 4, Lines 475–480: As PM2.5 concentrations decreased in China, the atmospheric 

oxidation capacity increased. This could lead to an increase in H2SO4 concentrations. Particulate 

sulfate primarily forms in the particle phase. A reduction in PM2.5 does not necessarily indicate a 

decrease in gas-phase H2SO4 concentrations. 

 

Response: 

 

We thank the referee for the comment. Long-term observations in Beijing from 

2013 to 2018 showed a decrease in particulate sulfate concentrations in 

submicrometer particles, whereas the concentration of gas-phase H₂SO₄ did not 

exhibit a clear declining trend during the same period (Li et al., 2020). Moreover, 

the long-term behavior of gas-phase H₂SO₄ in response to air quality control 

measures in China remains a subject of debate. Therefore, we acknowledge that 

there is insufficient evidence to conclude that a reduction in PM₂.₅ necessarily 

indicates a decrease in gas-phase H₂SO₄ concentrations. 

However, Shen et al. (2022) reported that in the Yangtze River Delta (YRD) region 

of China, total particle formation rates declined from 2013 to 2019 due to 

reductions in anthropogenic emissions. Accordingly, we have revised the 

discussion on Page 20, Lines 479–483 to state: 

“This difference may be attributed to anthropogenic emission reductions since 

2013, driven by extensive air quality control efforts in China. As a result of these 

reductions, total particle formation rates in the YRD region was observed to decline 

over the period 2013–2019 (Shen et al., 2022). Given that variations in the ion-

induced fraction are primarily influenced by the formation rate of total particles, 

the ion-induced fraction may increase as air pollution improves in urban areas.” 
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