
Responses to anonymous referee #1 

General comment: 

Kuang et al. presents a theoretical framework for measuring cloud effective 

supersaturation fluctuations using an advanced optical system, which can improve 

understanding aerosol activation and cloud microphysics. The framework focuses on 

observing the critical activation diameter and hygroscopicity of activated aerosols 

through the scattering and water-induced scattering enhancement of interstitial and 

activated aerosols. It allows for minute- to second-level effective supersaturation 

measurements, capturing vital fluctuations for cloud microphysics studies. I think the 

manuscript, once revised to address the concerns outlined below, could be considered 

for publication. 

Response: Thanks for your comments, which really helped improve the manuscript.  

 

Major Comments:  

Comment: The theoretical framework introduced in this paper are mainly based on κ-

Köhler theory, that is, supersaturation could be obtained with known dry diameter and 

hygroscopicity kappa. However, the application of κ-Köhler theory is under assumption 

of water surface tension and fully dissolution. Previous studies have uncovered the 

surface tension reduction (Gerard et al., 2016; Noziere et al., 2010; Ovadnevaite et al., 

2017) and slightly soluble components (Ho et al., 2010) in atmospheric aerosol samples. 

So, if the apply the framework in field observation, the authors should add some 

discussion about the uncertainty originated from the above-mentioned assumptions. 



Response: Thanks for your comments, we do agree with the surface attention and 

solubility changes of slight soluble components could impact on the effective 

supersaturation derivations. The following discussions was added in the discussion part. 

“Previous studies have shown that the reduction in surface tension (Nozière et al., 2010;Gérard et al., 

2016;Ovadnevaite et al., 2017) associated with surfactants in atmospheric aerosols can affect aerosol 

activation and, consequently, the derivation of effective supersaturation. However, if the derivation of 

κ (as done in this study) assumes a constant water surface tension, the impact of surface tension 

changes is minimized, as these effects are already incorporated in the κ calculation. Nonetheless, 

differences in surface tension between supersaturated and subsaturated conditions (Davies et al., 

2019;Petters and Kreidenweis, 2013), and their impact on effective supersaturation, still exist. 

Additionally, prior research has suggested that slightly soluble components in aerosols can influence 

κ values under both supersaturated and subsaturated conditions (Ho et al., 2010;Petters and 

Kreidenweis, 2008;Lee et al., 2022;Han et al., 2022;Riipinen et al., 2015;Wang et al., 2019). Therefore, 

κ observed under subsaturated conditions would affect the derivation of effective supersaturation.” 

 

Comment: As the author mentioned in section 3.2 that the hygroscopicity parameter 

kappa for supersaturation prediction was 𝜅𝑎𝑐𝑡,𝑓(𝑅𝐻) from aerosol light scattering 

enhancement factor 𝑓(𝑅𝐻) by using humidified nephelometer under unsaturated 

condition. So, would it bring uncertainty to supersaturation prediction since there may 

be hygroscopicity deviations between unsaturated and supersaturated condition? 

Though the authors discussed a bias of 0.1 in 𝜅 only results in a 0.01% bias in 

supersaturation retrievals, but the retrievals supersaturation ratio was very low as it was 

shown in Fig 2c (the lowest value can be 0.02), so 0.01% uncertainty is comparatively 



large.  

Response: Thanks for your comment, we agree with that 0.01% is comparatively large 

when average SS is also low. We replotted Figure S1 as the following:  

It could be found that 0.1 bias in 𝜅 result different SS bias at different SS levels, and the 

SS bias would increase as SS increase. we revised the sentence in the discussion part as: 

“Additionally, 𝜅  measured under subsaturated conditions differs from that under supersaturated 

conditions (Tao et al., 2023) might also bring some uncertainties. However, as shown in Fig. S1b, even 

a bias of 0.1 in 𝜅 only result in a ~0.01% bias when SS is ~0.1% and a ~0.005% bias when SS is 

~0.05% in supersaturation retrievals, making the first-order estimates of 𝜅𝐷𝑎 from optical 

measurements generally suitable for supersaturation observations.”  

Also, a comprehensive uncertainty analysis after this part of discussion was added in Sect.4 in the 

revised manuscript.  

 

Comment: As the author mentioned in the paper that we assumed aerosol populations 

remained unchanged during the 30-minute period (based on comparisons between 

PM1/PM2.5 and TSP inlets), which can sometimes introduce significant uncertainties 

in the size resolved AR calculations. Based on the authors observation experience, I 

wonder what is the frequency of the significant uncertainties’ events. And 30-minute 



period was long and the assumption of constant aerosol populations may be not very 

appropriate, is there any possible improvement to decrease the time period? 

Response: Thanks for your comment, this is a good question. For the observed radiation 

fog case in this study, the assumption that aerosol populations remained unchanged is 

generally applicable because the stagnant characteristics as demonstrated by Kuang et 

al. (2024) . However, as we recently observed in mountain clouds, aerosol population 

might have already changed in minute level because the quick movement of air parcels, 

which means wind speed is a key factor, and the spatial inhomogeneous of aerosol 

distribution is another important factor. In this year, we have decreased the time of 

observing size-resolved AR to about to 10 minutes interval based on that scanning 

period of SMPS is 5 minutes. The time resolution of size-resolved AR measurements 

depends on the time resolution of aerosol size distribution measurements.    

 

Comment: As the author mentioned that the supersaturation is effective ratio that make 

specific number or fraction of aerosol particles activated to CCN, rather than real 

environment supersaturation ratio. So, I am interested in how to use the “effective ratio” 

and detect new insight in observation or climate models. Can the author give a simple 

example or description about it? 

Response: Thanks for your comment, I am also exploring this issue. My conclusion is 

that supersaturation fluctuations caused by turbulence and other factors would made the 

physically mean supersaturation not application in quantification of aerosol activation, 

as the existence of so-called sub-saturation cloud caused by turbulence. However, the 



key part of Twomey effect is that cloud number difference, which means determining 

cloud number is one crucial part (might be the most important part, because the concept 

of water vapor competition is based on number difference), and the growth of cloud 

droplets is another crucial part. In view of this, accurately determining effective 

supersaturation not mean supersaturation is very important in climate models with 

respect to aerosol activation, however, current models are describing mean 

supersaturation, we need have the capabilities to effectively observe effective 

supersaturation first.   

We also added more discussions in Sect.4 to manifest the potential applications of 

effective supersaturation fluctuation measurements. 

“As mentioned in Sect. 2.1, the theoretical framework proposed in this study is designed to 

observe effective supersaturation fluctuations, rather than supersaturation fluctuations themselves. 

While there are non-negligible uncertainties associated with observing effective supersaturation using 

the proposed theory, the size and hygroscopicity distributions of total interstitial and activated aerosol 

populations remain nearly constant when measured with second-scale or shorter time resolution. The 

parameter that changes over time is the dynamic exchange between interstitial and activated aerosols. 

Consequently, fluctuations in the scattering signals of interstitial and activated aerosols can reflect this 

exchange at high temporal resolution. Since effective supersaturation fluctuations result from 

underlying supersaturation variations, they could, in principle, provide insights into the causes of these 

fluctuations, such as turbulence, though this would require further investigation and endeavor. In 

addition, for size-resolved AR, both σ and MAF are crucial parameters. However, using scattering 

coefficients at just three wavelengths of Aurora 3000 nephelometer is insufficient for accurately 

retrieving σ and MAF. If σ and MAF could be measured more precisely through the extended optical 

framework, it would provide deeper insights into supersaturation fluctuations.” 

 



Minor Comments: 

Comment: Line 199-200: please added some description and references about how to 

accurately retrieve 𝐷 by machine learning techniques. 

Response: Thanks for your comment, we have added details of the machine learning 

procedure in Sect 3.1. 

In the manuscript, the following paragraph was added: 

“This assumption was tested using Mie theory, based on aerosol size distributions sampled during 

six campaigns conducted in the North China Plain region (Kuang et al., 2018). For each aerosol size 

distribution, we randomly assumed different activation curves using Eq.2. That is, for each PNSD from 

those campaigns, the scattering coefficients of submicron interstitial and activated+interstital aerosols 

at wavelengths of 450 nm, 525 nm and 635 nm corresponding to nephelometer case under 100 size-

resolved AR scenarios were simulated using the procedure. And each size-resolved AR curve was 

produced by using randomly produced  𝐷𝑎,  σ and MAF as inputs of Eq.2. In the random step, the 

range of 𝐷𝑎 is 100-700 nm, the range of σ is 1-30, the range of MAF is 0.5-1. In each pair, simulated 

𝜎𝑠𝑝,𝑃𝑀1,𝑖𝑛𝑡𝑒𝑟(𝑑𝑟𝑦, 𝜆)—at 450 nm, 525 nm, 635 nm, and  𝜎𝑠𝑝,𝑃𝑀1,𝑎𝑙𝑙(𝑑𝑟𝑦, 𝜆) at 450 nm, 525 nm, 635 

nm was the x values of the random forest model, corresponding Da is the y value of the random forest 

model, and the random forest package from Python Scikit–Learn machine learning library 

(http://scikit-learn.org/stable/index.html) is used for this purpose. With these configurations, more than 

million pairs are simulated. To preliminarily validate this approach, we randomly selected 75% of the 

simulated data pairs for training the model, while the remaining 25% were used for validation.”  

 

Comment: References section: The format of the references is not consistent (e.g., some 

journal names are full but others are abbreviations). Please revised carefully. 

Response: Thanks for your comment, abbreviations were revised as full names.  
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