Responses to anonymous referee #2

General comments:

The authors proposed a theoretical framework to estimate effective supersaturation by
measuring the scattering properties of interstitial and activated aerosols. Critical
activation diameter (Dd) can be obtained from the measurement/knowledge of
scattering coefficient of interstitial aerosols and activated aerosols at three wavelengths,
with the knowledge/assumption of aerosol size distribution, size-resolved activation
ratio curves, and aerosol composition. The hygroscopicity parameter (k) can be
estimated from the light scattering enhancement factor of activated aerosols based on
Kuang et al. (2017). Effective supersaturation can then be calculated from Dd and «k
based on k-Kohler theory. Although I am concerned about the accuracy of the s retrieval,
I do think it might be useful to have an instrument to continuously measure the scattering
properties of interstitial and activated aerosols and I encourage the authors to develop
new instruments to estimate s. I list my major and minor comments below. Hope they
are useful to improve the quality of the paper.

Response: Thanks for your comment, we have improved the manuscript based on your
suggestions, also more discussions about accuracy of effective supersaturation
measurements using the proposed framework was added in the revised manuscript. We
are now working on developing an instrument that could achieve continuous measuring
of the scattering and hygroscopic properties of interstitial and activated aerosols as well
as the effective supersaturation based on the proposed framework. We also added more

discussions in Sect.4 to manifest the potential applications of effective supersaturation



fluctuation measurements.

Major Comments:

Comment: Section 2.1. I think the definition of effective supersaturation is not correct.
Line 109~120: “Fluctuations in supersaturation mean that the effective supersaturation,
which directly affects aerosol activation, differs from the mean supersaturation.” It
seems that the authors define effective supersaturation as supersaturation fluctuation.
My understanding is that the effective supersaturation mentioned in this study refers to
the critical supersaturation corresponding to a certain Da, not supersaturation fluctuation
(e.g., due to turbulence). Please clarify the definition of effective supersaturation.
Response: Thanks for your comment. Yes, the effective supersaturation mentioned in
this study refers to the critical supersaturation corresponding to a certain Da, not
supersaturation fluctuation. The sentence “Fluctuations in supersaturation mean that the
effective supersaturation, which directly affects aerosol activation, differs from the
mean supersaturation” try to explain that the supersaturation fluctuations would result
in the difference between effective supersaturation with mean supersaturation. To make
this clear, this paragraph is revised as the following:

“The concept of effective supersaturation was introduced based on aerosol activation measurements

(Hudson and Yum, 1997;Hudson et al., 2010), which could be defined as the supersaturation in CCN
chamber (CCN activation under constant supersaturation conditions) that resulted in the same aerosol
activation fraction with the observed aerosol activation fraction in clouds. Quick fluctuations in
supersaturation would result in the effective supersaturation, which directly determined by aerosol
activation, differs from the mean supersaturation which is determined by average water vapor content
and temperature. However, the concept of k-Kohler theory is established according to a constant

supersaturation scenario, therefore provides a framework for deriving effective supersaturation from



aerosol activation measurements in clouds (Petters and Kreidenweis, 2007).”

Comment: Section 3.1 is not well written. For example, Line 177: “As a result, the
scattering properties:-". Please describe how the scattering properties shown in Fig.1a
are calculated. I figure out the answers by reading the caption of Fig.1, later paragraphs,
and supplementary materials. Since ACP does not have a page limit, [ would recommend
the authors add them in the main text to make it easy to read.

Response: Thanks for your comment, we have added this part as Sect.2.3 in the revised

manuscript.

Comment: The AR curve in Fig. 1a is for the average PNSD observed in the North
China Plain from six campaigns. Can you measure AR curve at a high temporal
resolution? Line 202~203. “For each aerosol size distribution--” What is the temporal
resolution of the measured aerosol size distribution? 10 min? Is the temporal resolution
of the estimated effective supersaturation limited by the temporal resolution of the
measured aerosol size distribution?

Response: Thanks for your comment, the AR curve in Fig.1a is just an example to
demonstrate the remarkable difference in scattering properties of interstitial and
activated aerosols in clouds. As the response to reviewer#1 that we could observe the
AR curve in a high temporal resolution if we have a instrument that could measure
aerosol size distribution in high temporal resolution, for example, minutes level. The

temporal resolution of measured aerosol size distribution in the six campaigns is 5



minutes. However, the temporal resolution of PNSD measurements in these campaigns
is not important in the machine learning prediction training for Da prediction (the shape
of PNSD matters). We use PNSD measurements from six campaigns is to include as
many PNSD shapes as possible, therefore, PNSD measurements in these campaigns
were averaged to 30 minutes resolution to reduce simulation time of the training datasets.
The temporal resolution of estimated effective supersaturation depends on time
resolution of measured scattering signals of interstitial and activated aerosols in clouds,

not the time resolution of training data.

Minor Comments:

Comment: Line 86: “but do not provide precise direct supersaturation measurements.”
As far as I know, to calculate s based on direct measurements of water vapor pressure
and temperature (if possible) is the best way to obtain s. Maybe you want to say “:
fluctuations, but they do not provide precise supersaturation measurements at a high
liquid water content.”

Response: Thanks for your comment, we agree that calculate SS based on direct
measurements of water vapor pressure and temperature is best way to obtain SS if
possible, however, it is almost impossible with current techniques. What I want to say
is that previous studies used this way to estimate supersaturation fluctuations, however
only fluctuations, the mean supersaturation could not be accurately measured. To make

this clear, we revised this sentence as:

“Although current techniques of water vapor and temperature measurements could not achieve

accurately measurements of supersaturation, however, direct measurements of water vapor pressure



and temperature were previously used to estimate supersaturation fluctuations”

Comment: Line 114: change to “S is the saturation ratio over an aqueous solution

droplet with a diameter of D, - D-is-the-droplet-diameter, "

Response: revised

Comment: Line 83: change “e” to “water vapor pressure”

Response: Revised
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