Response to Referee #1

Dear Referee,

We appreciate your positive and constructive comments. We have read these comments
carefully and made revisions accordingly. The responses to the comments are listed

below.

Sincerely,

Naifu Shao, Chunsong Lu*, and all co-authors.

Main comments:

This manuscript presents a modelling study of two successive fog events in the Yantze
River Delta region of China. It aims to show how the fog properties in the second event
are influenced by the first. I find this a truly interesting topic and exciting approach.

However, I struggled with the manuscript for the following reasons:

Response: Thank you for your valuable comments.

1. The central message is that fog properties are influenced by aerosol as well as other
boundary-layer conditions. The latter may be modified by a preceding fog event,
resulting in fog property differences between both events. (a) This simple -- and very
interesting — finding is hidden behind the phrase "self-enhanced AFIs", and thus took
me more time to understand than would have been necessary. I would suggest to focus
on the changes to the fog rather than "AFIs", and to speak about "aerosol loading" or
"polluted conditions" to clarify the meteorological context. (b) Also, "AFIs", which is
modelled on the common abbreviation "ACI" for aerosol-cloud interactions should

probably lose the "s" to make it consistent with ACI. (c) A change of the title could also



be considered to more close reflect the paper's focus, e.g. "Radiation fog properties in

two consecutive events under clean and polluted conditions..." or similar.
Response: Thank you for your suggestion.

(@) We agree with the referee and have deleted the phrase "Self-enhanced AFI" in many
places of the abstract and main text (e.g., Page 1 Line 24; Page 5 Lines 111-113). Instead,
we focus more on the changes to the fog, as suggested by the referee. We also speak
about "aerosol loading" or "polluted conditions" to clarify the meteorological context.

For example:

® “Our simulations indicate that conducive PBL conditions are affected by AFI with
high aerosol loading in Fogl, and then PBL promotes AFI in Fog2, resulting in
higher liquid water content, higher droplet number concentration, smaller droplet
size, larger fog optical depth, wider fog distribution, and longer fog lifetime in

Fog?2 than in Fogl” (Page 1, Lines 20-24).

® “The two fog scenarios provide an excellent opportunity to analyse AFI under
polluted conditions as a chain, i.e., how high aerosol loading affects properties in
the first fog scenario, how the properties in the first polluted fog scenario affect
radiation and the PBL structure, and then how radiation and the PBL affect
properties and AFI in the second fog scenario under polluted conditions” (Page 5,

Lines 101-105).

® “Here, we study how radiation fog properties are affected by high aerosol loading
and PBL meteorological conditions in two successive events in the YRD region”

(Page 5, Lines 115-116).

® “Furthermore, compared with the difference of aerosol-induced changes in RHom
and PBLH before fog formation, RHom increases by 6% and PBLH decreases by
92 m under polluted conditions, which is larger than those (RH2m: 4% and PBLH:
-59 m) under clean conditions” (Pages 11-12, Lines 266-269).

(b) All the "AFIs" in this manuscript are revised to "AFI".



(c) According to your suggestion, we have revised the title to be “Radiation fog
properties in two consecutive events under polluted and clean conditions in the Yangtze

River Delta, China: A simulation study”.

2. (a)The state of the art chapter does not seem complete. The central motivation, i.e.
limited knowledge about AFI, is only briefly stated, and not explained (line 81). (b) The
fundamental premise that an event may be influenced by a previous event does not
follow from the literature review presented at all. (c) The focus, concepts and
terminology of the first research question are neither derived from the literature, nor are
they explained. (1) What is a "stronger" fog scenario? (2) What does "stronger AFIs"

mean? (3) What would you expect? Why? And why does it matter?
Response: Thank you for your suggestion.

(a) Regarding limited knowledge about aerosol—fog interaction (AFI), we meant that it
is not clear how AFI and planetary boundary layer (PBL) interacts with each other and
the evolution of AFI in successive fog scenarios remains unknown. To make the
description clearer, we pointed out the questions directly (Page 4, Lines 95-99): “What
are the physical mechanisms behind the property changes during the two successive fog
events? Furthermore, which fog scenario has fog macro- and microphysical properties
more sensitive to aerosol, i.e., experiencing stronger AFIs? Are the mechanisms related

to the interaction between AFI and PBL?”

(b) We have added the sentences to show that an event may be influenced by a previous
event (Pages 4, Lines 92-95):  “Previous studies typically focused on an individual fog
event or analysed multiple fog events statistically, however, there were still several
studies mentioning that LWC, Nrand liquid water path (LWP) in the latter fog scenario

were larger than those in the preceding one (Quan et al., 2011; Wersted et al., 2017).”
(c) The focus, concepts and terminology are explained as follows.

(1) "Stronger fog scenario" means a fog scenario has larger macro- and microphysical



properties, such as fog droplet number concentration and liquid water content. To be
more specific, we have improved the description (Pages 4, Lines 93-94): “liquid water
content, droplet number concentration and liquid water path in the latter fog scenario

were larger than those in the preceding one”.

(2) "Stronger AFIs" means the more remarkable fog property response to changes in
aerosol loading. For example, if aerosol-induced changes in fog optical depth is larger,
AFT is stronger. We have added the above explanation (Page 4, Lines 96-98): “which
fog scenario has fog macro- and microphysical properties that are more sensitive to

aerosol, i.e., experiencing stronger AFI1?”

(3) The reason to analyze the evolution of AFI in two fog scenarios is that stronger AFI
can affect fog development, for example, increasing droplet number concentration more
significantly. Furthermore, we would like to examine the mechanisms responsible for
the evolution of AFI and study how the interaction between AFI and PBL make fog
properties change in the two successive fog events. We have revised the manuscript

accordingly:

® However, it is not clear how AFI in the first fog (Fogl) affects PBL and then AFI
in the second fog (Fog2), which is important to understand the interaction between

AFI and PBL as well as their effects on fog properties (Page 1, Lines 16-18).

® Our simulations indicate that conducive PBL conditions are affected by AFI with
high aerosol loading in Fogl, and then PBL promotes AFI in Fog2, resulting in
higher liquid water content, higher droplet number concentration, smaller droplet
size, larger fog optical depth, wider fog distribution, and longer fog lifetime in

Fog?2 than in Fogl (Page 1, Lines 20-24).

3. Insome places, aspects concerning methodology and interpretation remain unclear.
(a)How precisely is the validation performed? (b)To what extent and under what

conditions can the findings of this study be generalized? (c)Instead of using "AFIs", in



many places it would be more helpful to explicitly address the parameter of relevance,

e.g. LWP, aerosol loading, droplet radius...
Response: Thank you for your suggestion.

() We add Table 3 to explain the elements a—d in the Heidke skill (HSS) score. In our
study, the HSS score are 0.34 and 0.36 in Fogl and Fog2, respectively, which are close
to previous reports (Mecikalski et al., 2008; Xu et al., 2020; Yamane et al., 2010). We
have added the above description (Page 9, Lines 198-200).

Table 3. The elements a-d in the Heidke Skill Score calculation

Fog observed No fog observed
Fog simulated a b
No fog simulated c d

(b) “Our findings can be generalized due to the following reasons. First, the simulation
design is reasonable. Similar to many previous studies, polluted and clean conditions
are simulated through varying emission intensity. Second, the conclusions are robust,
because they are derived from physical analyses. The interactions between aerosol
loading, fog macro- and microphysical properties, and boundary layer meteorological
conditions are understood physically. Third, the fog events are typical and have large
coverage. Therefore, the findings in this study can be generalized, at least in polluted

fog events during winter.” The above discussions are added (Page 19, Lines 444-450).
(c) Thank you for your suggestion. AFI is replaced by parameters of relevance.

® “Larger TOD, particularly larger FOD, leads to lower SW, Tom, and PBLH” (Page
12, Lines 277-278).

® “Larger FOD and delaying dissipation result in lower temperature, higher relative
humidity, and higher stability by affecting solar radiation during the daytime”
(Page 13, Lines 293-294).

® “The cold centre is related to lower temperature under polluted conditions due to



larger FOD and longer duration in Fogl” (Page 13, Lines 298-300).

4. While the paper is both legible and intelligible, it would profit from a linguistic

revision.

Response: Thank you for your comment. Hope this manuscript has been improved after

a linguistic revision.

## DETAILS
(1) 15 - "pivotal" is unclear here

Reply: The word "pivotal" is replaced by "critical" (Page 1, Line 16).

(2) 15 - what is "the fog cycle"?

Reply: We mean the fog life cycle. We have revised the sentence: “Aerosol-fog
interaction (AFI) and planetary boundary layer (PBL) conditions play critical roles in
the fog life cycle” (Page 1, Lines 15-16).

(3) 16: Why should they focus on these differences? What is special about successive

events?
(4) 17: What knowledge gap exactly?

Reply: We would like to reply to the two comments together, because they are closely
related to each other. The difference between two successive events is important to
understand the interaction between Aerosol-fog interaction (AFI) and planetary
boundary layer (PBL) as well as their effects on fog properties. That is why we are
interested in the difference between two fog events. However, it is not clear how AFI

in the first fog affects PBL and then AFI in the second fog. This is the knowledge gap.



We have revised the abstract accordingly (Page 1, Lines 16-18).

(5) 19: "AFIs ... promote..." -- Do you mean high/low aerosol loadings? Or the

interaction (mechanisms) specifically?

Reply: We mean the interaction (mechanisms) specifically. We have revised the
sentence (Page 1, Lines 20-24): “Our simulations indicate that conducive PBL
conditions are affected by AFI with high aerosol loading in Fogl, and then PBL
promotes AFI in Fog2, resulting in higher liquid water content, higher droplet number
concentration, smaller droplet size, larger fog optical depth, wider fog distribution, and

longer fog lifetime in Fog2 than in Fogl.”

(6) 22: "is defined as" -- you mean that you define it as, or is this taken from elsewhere?

Reply: We mean that we define it as. This phrase is deleted because self-enhanced AFI

is deleted, according to the referee’s other comments.

(7) 38: fog does not lead "to environmental pollution" - please clarify this statement

Reply: We agree with the referee and have deleted this phrase (Page 2, Lines 40-41):
“This leads to low visibility, affecting human health, transportation, and power system

(Niu et al., 2010)”.

(8) 40: You state that the "physical processes of fog remain unclear". What exactly do
you refer to? Can you provide a reference, please? I would think that the processes are

pretty well understood.

Reply: We have reorganized the sentences to describe the unclear physical processes of

fog and have added references (Page 2, Lines 41-46): “There exist uncertainties in fog



forecasting (Zhou and Du, 2010; Zhou et al., 2011). An important reason is that the
physical processes of fog remain unclear, because many processes (aerosol activation,
condensation, radiation as well as turbulence) not only occur simultaneously but also
interact with each other nonlinearly (Haeftelin et al., 2010), which affects fog properties

(Mazoyer et al., 2022) and impedes the related parameterisation (Poku et al., 2021)”.

(9) 47: First sentence is a repetition of statement in line 36.

Reply: We have revised the sentence (Page 3, Lines 52-53): “Since fog is a special type
of cloud (Guo et al., 2021; Kim and Yum, 2010, 2013; Wang et al., 2023), AFI is

expected to share similarities with aerosol—cloud interaction”.

(10)52: What do you mean by "fog number concentration"? droplet number

concentration in fog?

Reply: Yes, we mean fog droplet number concentration. The phrase is revised

accordingly (Page 3, Line 60).

(11)53: Can these numbers be generalized? How would they be expected to change
given different environmental conditions? Is this continental radiation fog, sea fog,

advection fog over land, ...?

Reply: The referee’s concern is reasonable. Here we take the two fog field campaigns
as examples representing polluted and clean conditions, respectively. Although the field
campaign in the North China Plain cannot fully stand for all polluted conditions and the
field campaign in Xishuangbanna, China, cannot fully stand for all clean conditions,
the comparison between the two examples does show the difference of fog properties
between polluted and clean conditions, i.e., fog droplet number concentration is higher

and effective radius is smaller in the polluted conditions than in the clean one. Examples



above are both continental radiation fog.

We have revised the sentences as follow (Page 3, Lines 57-63): “Different continental
fog observation projects showed that fog microphysical properties were significantly
affected by aerosol loading (Mazoyer et al., 2019; Niu et al., 2011; Quan et al., 2011;
Wang et al., 2021). In those polluted fog observations, for instance, Quan et al. (2011)
found that the fog droplet number concentration (Nr) was higher than 1,000 cm™ and
effective radius (Re) was approximately 7 um in the North China Plain. In those clean
fog observations, for example, Wang et al. (2021) showed that Nr was smaller than 100

3

cm™ and R. was approximately 9 um in the tropical rainforest in Xishuangbanna,

China”.

(12)70: That radiative cooling "is an important factor for temperature inversion,
providing stable conditions for fog formation" is not a finding of the cited studies in the

2010s, but can be derived from very basic textbook knowledge.

Reply: We agree with the referee and have revised the sentence (Page 4, Lines 77-79):
“Early studies showed that radiative cooling was an important factor for temperature
inversion, providing stable conditions for fog formation (Fitzjarrald and Lala, 1989;

Holets and Swanson, 1981; Roach et al., 1976)”.

(13)81: In what respect is this knowledge limited? What is lacking?
(14)83: Why do you think successive fog events are worth considering?

Reply: The two comments are replied together. The understanding of AFI remains
limited because the mechanism behind the interaction between aerosol, fog and PBL is
not fully studied, especially in two successive fog events. We have reorganized the
sentences to make a clearer description (Page 4, Lines 92-99): “Previous studies
typically focused on an individual fog event or analysed multiple fog events statistically,

however, there were still several studies mentioning that LWC, Ny, and liquid water path



(LWP) in the latter fog scenario were larger than those in the preceding one (Quan et
al., 2011; Weersted et al., 2017). What are the physical mechanisms behind the property
changes during the two successive fog events? Furthermore, which fog scenario has fog
macro- and microphysical properties more sensitive to aerosol, i.e., experiencing

stronger AFI? Are the mechanisms related to the interaction between AFI and PBL?”

(15)84/5: Why?

Reply: The reason is that fog is a special cloud near ground. We have revised the
sentence (Page 5, Lines 105-108): “Additionally, because fog is a special cloud near
ground, the evolution of AFI is also helpful to study the evolution of aerosol-cloud
interaction, which is critical to climate prediction (Boutle et al., 2018; Vautard et al.,

2009)”.

(16) 89: How do you define "stronger AFIs", what do you mean by this and why does it

matter?

Reply: "Stronger AFIs" are defined as the more remarkable fog property response to
changes in aerosol concentration. For example, if aerosol-induced change in fog optical
depth is larger, AFI is stronger. The reason to compare AFI strength in two fog scenarios
is that stronger AFI can promote fog development, for example, increasing droplet
number concentration more significantly. Furthermore, we would like to examine the
mechanisms responsible for the evolution of AFI and study how the interaction between
AFI and PBL make fog properties change in the two successive fog events. We have

revised the manuscript accordingly (Page 4, Lines 96-98, Page 5, Lines 101-105).

(17)101: What aerosol species?

(18)101: What is "massive"? Please be more specific.



Reply: We would like to reply two comments together. It is PM» s and the PM> 5 mass

concentration is over 100 ug m>.

We have revised the sentence (Pages 5, Lines 116-118): “The PM2 5 mass concentration
was over 100 pg m™ before fog events in the YRD due to anthropogenic emissions (Zhu

etal., 2019)”.

(19) 140: What does this experiment consist of, and what sensitivities are tested for?

Reply: The control run is tested for the polluted conditions with emission intensity
directly from the MEIC database. The sensitive experiment is tested for the clean
conditions with the emission intensity multiplied by 0.05. The design of the control run
and sensitivity test is the same as those in Jia et al. (2019) and Yan et al. (2020). We

have revised the sentences (Pages 7, Lines 156-160).

(20)160: How do you compare observations and model? How do you define

"consistent" in this regard?

Reply: We use ground-based fog observations and cloud optical depth from Himawari-
8 to evaluate simulations (Figure 4). “consistent” is defined as similarity of the
simulated fog spatial distributions and magnitude of optical depth between simulations
and observations. We add “generally” before “consistent” and revised the sentences to
be more objective (Page 8, Lines 184-187): “Qualitatively, the simulated fog spatial
distributions and magnitude are generally consistent with satellite and ground-based
observations. Similarly, Lee et al. (2016) evaluated fog distribution simulation against
cloud optical depth from satellite; they also concluded that the distributions of

simulation and observation were generally comparable with each other”.

Besides the qualitative evaluation, we also use HSS to quantitatively evaluate the

simulations. Please see the response to the next comment.
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Figure 4. (a, ¢) Distributions of ground-based fog observations (the circular points) and
cloud optical depth from Himawari-8 products at 08:00 LST on 26-27 November 2018.
(b, d) Simulated fog optical depth (FOD) distributions in the domain 03 at the
corresponding time of observations. Time ‘2608LST’ indicates 08:00 local standard
time (LST) (LST = Universal Time Coordinated + 8 h) on 26 November 2018. The

other time expressions follow the same logic.

(21)161: Based on which parameters is HSS calculated?

Reply: Table 3 is added to more clearly show how HSS is calculated. The description
of HSS score is also revised (Pages 8-9, Lines 191-197): “Elements a—d are the numbers
of “hits”, “false alarms”, “misses”, and “correct negatives”, respectively, which are
determined by observations and simulations as shown in Table 3. To identify observed
fog at a station, two criteria are used: visibility less than 1 km and relative humidity

larger than 90% (Yan et al., 2020). Simulated foggy grids are recognized based on three

criteria (Jia et al., 2019; Zhao et al., 2013): fog water mixing ratio over 0.01 g kg™, N¢



greater than 1 cm™, and the fog base touching the ground. The elements a—d are
calculated based on fog occurrence at the observation stations and the closest model

grids”.

Table 3. The elements a-d in the Heidke Skill Score calculation

Fog observed No fog observed
Fog simulated a b
No fog simulated c d

(22)172: Why this threshold?

Reply: “We also test other thresholds, 1%, 2.5%, 7.5%, and 10% (Fig. S3). The results
are similar to those based on the threshold of 5%.” We have added the above description

(Page 9, Lines 206-208). Figure 3 is added in the supplement.
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Figure S3. Aerosol effect on relative changes in macro- and microphysical properties
during the first fog (Fogl) and the second fog (Fog2). Figure S3 a-d are the results with
fog fraction area thresholds 1%, 2.5%, 7.5%, and 10% respectively. Ny, LWC, R., Area,
Height, Duration, LWP, and FOD indicate fog number droplet concentration, liquid

water content, effective radius, fog area fraction, fog top height, liquid water path, and



fog optical depth, respectively. The ratio of changes is calculated as Polluted/Clean.

(23)Figure 5: 1 find it slightly confusing that the reference case is shown with 100%

bars in all cases. I suggest leaving this out and only showing the polluted (a,b) or fog2

(c) situations.

Reply: We agree with the referee and have deleted the 100% bars. As suggested, we

only show figure (a, b) and deleted figure c.
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Figure 5. (a) Aerosol-induced changes in macro- and microphysical properties during
the first fog (Fogl) and the second fog (Fog2) under polluted and clean conditions. (b)
Temporal evolution of fog area fraction under clean and polluted conditions. Ny, LWC,
R., Area, Height, Duration, LWP, and FOD indicate fog droplet number concentration,
liquid water content, effective radius, fog area fraction, fog-top height, liquid water path,
and fog optical depth, respectively. The ratios of changes are calculated by
Polluted/Clean in Fig. 5a which reveal the aerosol-induced changes. The numbers
above the bars in Fig. 5a represent the difference in those ratios of changes between
Fogl and Fog2 (calculated by Fog2-Fogl). Time 2522’ in Fig. 5b indicates 22:00 local
standard time (LST) (LST = Universal Time Coordinated + 8 h) on 25 November 2018.

The other time expressions follow the same logic.

(24) 185ft: Here, and in several other places, you assume that AFI lead to changes in
fog2. In section 5 you state that fog?2 is different because boundary-layer conditions are

different after a previous fog event, and not specifically because of the aerosol. Please



make sure your reasoning is consistent.

Reply: Sorry for the confusion. Fog2 formation is related with PBL conditions which
can be affected by AFI. The reasoning is that AFI postpones the dissipation of Fog1 due
to feedbacks in fog and generates more conducive PBL meteorological conditions
before Fog2 than before Fogl; these more conducive conditions promote the earlier
formation of Fog2. We have revised the whole manuscript (e.g., Page 11, Lines 246-

247; Page 2, Lines 33-36).

(25)241: higher stability
Reply: Stronger stability has been replaced by higher stability, according to your advice.

We have revised the sentence (Page 13, Line 302): “Therefore, lower temperature,
higher relative humidity, and higher stability result from AFI in Fogl, contributing to

the earlier formation of Fog2”.
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Response to Referee #2

This paper describes a case study of two fog events on two consecutive days in Nanjing,
simulated by WRF-chem, and proposes that aerosol-fog interactions in the first fog
promote aerosol-fog interactions in the second. Most of the hypothesis is reasonable:
the first fog influences boundary layer turbulence for the second fog, and that influence
is affected by aerosols. However, 1 am not yet convinced whether the hypothesis
that aerosol-fog interaction in the second fog is affected by aerosol-fog interaction in

the first is adequately demonstrated by the simulations in the paper.

Despite this, the paper describes a useful and interesting study of aerosol-fog
interactions, which in itself is well worth publishing in ACP. It is also well structured
and well written, in general. | recommend that the authors either perform additional
simulations to test their hypothesis, they weaken their definition of self-enhancement,
or they change the message of the paper to simply highlight aerosol-fog interactions in
Nanjing. Either way, in my assessment the article needs major revisions, but assuming

the major comments can be addressed, it would be suitable for ACP.

Dear Referee,

Thank you for your positive and constructive comments. We have addressed your
comments and the corresponding replies are listed below. Briefly, we have performed
additional simulations, weakened the definition of self-enhancement and changed the
message of the paper to simply highlight aerosol-fog interactions in Nanjing, according

to your suggestions.

With regards,

Naifu Shao, Chunsong Lu*, and co-authors.



Major comments

1. The authors’ summary of their evidence for their hypothesis of ‘self-enhanced
aerosol-fog interactions’ is that by increasing droplet concentrations and by postponing
the dissipation of the first fog and promoting the earlier formation of the second,

aerosols increase the fog thickness and prolong its lifetime.

Reply: Yes, we agree with you. “AFI postpones the dissipation of Fogl due to these
two feedbacks and generates more conducive PBL meteorological conditions before
Fog?2 than before Fogl. These more conducive conditions promote the earlier formation
of Fog2, further enhancing the two feedbacks and strengthening the AFI” (Page 2, Line
33-36).

2. Figure 7 shows the meteorological differences that arise during the first fog
between clean and polluted conditions persist into the second fog. This figure is key.
But would these meteorological differences still persist if the second fog, and the period
between the fogs, were not also polluted? Can the authors demonstrate that direct
aerosol-meteorology interactions during the clear-sky period between the two fogs do

not lead to the meteorological differences in Figure 7 and the early onset of Fog 2?

Response: Thank you for your suggestion. We think it is possible to reply to this
comment by examining the meteorological conditions before Fog 1, instead of
examining the conditions before Fog 2. The reason is that there is no fog before Fog 1;
all the differences of meteorological conditions before Fog 1 is caused by aerosol-
meteorology interaction, which was the question the reviewer asked. “As shown in
Table 5, the relative humidity at 2 m (RH2m) above ground and planetary boundary
layer height (PBLH) before Fogl on 25 November under clean conditions are 76 % and
669 m, respectively, quite similar to those under polluted conditions (76 % and 670 m,
respectively). Therefore, it is not likely that aerosol-meteorology interaction can lead
to the meteorological differences in Figure 7. Besides, a previous study (Yan et al.,

2021) also noted that aerosol-fog interaction was more remarkable than aerosol—



radiation interaction.” The above discussions are added in the revised manuscript (Page

12, Lines 285-290).

3. Assuming the authors can demonstrate this, their theory is aerosol-fog interaction
in Fog 1 changes meteorology which enhances aerosol-fog interaction in Fog 2. They
show the first part of this in Figure 7: aerosol-fog interactions affect meteorology. It’s
reasonable that this influences the formation time of Fog 2 in the simulations. But does
it also influence aerosol-fog interactions in fog 2? The authors do show aerosol-fog
interactions are stronger in Fog 2 than Fog 1 in their table 3. However, the authors don’t
demonstrate a causal link between the increased strength of ACI from Fog 1 to Fog 2
and the ACI in Fog 1. To show conclusively the aerosol-fog interaction is ‘self-
enhancing’ in the simulations as per their own definition, I think the authors would need
to show that the aerosols in the first fog affect the aerosol-fog interactions in the second
fog. In principle, this could be done with a third simulation, in which the first fog was
clean and the second polluted. In this simulation, if the AFIs were weaker in the second
fog than in the simulation in which both fogs were polluted, | think the authors’

hypothesis would be confirmed.

Response: Thank you for your suggestion. We design the third simulation called EXP3,
as you suggested. Fogl is under clean conditions (5% of emission from the MEIC
database) and Fogz2 is under polluted conditions (the default emission from the MEIC
database). Particularly, according to Fogl dissipate time, the clean condition is set
before 11:00 LST on 26 November 2018, and the polluted condition is set after 12:00
LST on 26 November 2018. In Table 4, two fog events in the EXP1 are both under
polluted conditions. The EXP2 represents that the two fog events are both under clean
conditions. The response of fog optical depth to the change of droplet number
concentration (AlnFOD/AInNy), from the EXP2 to the EXP3 is 1.17 in Fog2, smaller
than 1.32 from the EXP2 to the EXP1. Therefore, the aerosol-fog interaction (AFI) in
Fogl can affect AFI in Fog2.



We have revised the simulation design accordingly (Page 7, Lines 160-166) and
the analysis accordingly (Page 10, Lines 231-233).

Table 4. Quantitative estimation of AFI strength in two fog events (Fogl and Fog2),
including the responses of fog optical depth (FOD), liquid water path (LWP), and fog
effective radius (Re) to the changes in fog droplet number concentration (Nf). The EXP1
is that two fog events are both under polluted conditions, and EXP2 is under clean
conditions. The EXP3 is that Fog1 is under clean conditions and Fog?2 is under polluted
conditions. The ratio is the relative change between Fogl and Fog2, calculated as (Fog2
— Fogl)/Fogl. In the fourth and sixth columns, Fogl in both EXP2 and EXP3 is under

clean conditions.

EXP1 vs EXP2 EXP3 vs EXP2
Fogl Fog2 Ratio Fogl Fog2 Ratio
AInFOD/AInN¢ 0.98 1.32 34.7% - 1.17 —
AInLWP/AInN¢ 0.76 1.08 42.1% - 1.00 -
—AlInRe/AInNy 0.22 0.24 9.1% - 0.17 —

4. The authors also need to show how the absolute PM2.5 concentration varies with
time through the two fog events (preferably both in simulations and observations).
Otherwise, the results in Table 3 are not useful, as the AFIs might get stronger simply
because aerosol concentrations get higher. Furthermore, for the same reason, it would
be useful to show the timeseries of aerosol number concentrations (perhaps > 100nm

diameter) in the two simulations.

Reply: The timeseries of PM2s mass concentration and aerosol number concentration

are shown in Fig. S4. PM2s mass concentration is similar before Fogl and Fog2



formation, and aerosol number concentration before Fogz2 is less than that before Fogl
formation. Therefore, changes in aerosol concentration are not the main reason for
increasing aerosol-induced changes in the two fog properties. The above discussions

are added (Pages 9-10, Lines 219-223), and Figure S4 is added in the supplement.
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Figure S4. The timeseries of PM2s mass concentration and aerosol number
concentration in Nanjing (the blue line: observed PM2.s mass concentration, the red line:
simulated PM>5s mass concentration, and the green line: simulated PM2s number
concentration). Fogl and Fog?2 in the light grey box are the two fog events. Time ‘2512’
indicates 12:00 local standard time (LST) (LST = Universal Time Coordinated + 8 h)

on 25 November 2018. The other time expressions follow the same logic.

5. Figure 4 is very hard to interpret quantitatively. Is LWP from Himawari available
as it is, for example, from MODIS, GOES or SEVIRI? Could it be used instead of the

visible light images?

Reply: LWP is not available in Himawari products, but COD is available. The

monitoring time of MODIS satellite is too late because fog events have dissipated. The



monitoring range of geostationary satellites GOES and SEVIRI cannot cover the fog
area in our article. Therefore, we use the COD products to replace the visible light

images in Fig. 4.

We revised the sentences (Pages 8, Lines 181-187): “Figure 4 shows the evaluation
of fog spatial distribution. The simulated fog optical depth (FOD) distribution is
compared with the Himawari-8 cloud optical depth products and ground-based
observations (the black circles in Fig. 4) at 08:00 LST on 26 and 27 November 2018,
respectively. Qualitatively, the simulated fog spatial distribution and magnitude are
generally consistent with satellite and ground-based observations. Similarly, Lee et al.
(2016) evaluated fog distribution simulation against cloud optical depth from satellite;
they also concluded that the distributions of simulation and observation were generally

comparable with each other.”
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Figure 4. (a, ¢) Distributions of ground-based fog observations (the circular points) and
cloud optical depth from Himawari-8 products at 08:00 LST on 26-27 November 2018.
(b, d) Simulated fog optical depth (FOD) distributions in the domain 03 at the



corresponding time of observations. Time ‘2608LST’ indicates 08:00 local standard
time (LST) (LST = Universal Time Coordinated + 8 h) on 26 November 2018. The

other time expressions follow the same logic.

Minor Comments

1. In the abstract the authors say “AFIs in the first fog...result in higher [droplet]
number concentration ...in Fog 2 than in Fog 1. For this to be true, my first thought
was that AFIs in the first fog would have to reduce scavenging of aerosol and result in
higher aerosol concentration in the second fog than would have been the case if the first
fog hadn’t formed. The authors don’t show this. They do show that Fog 1 changes
meteorological conditions, which might indirectly affect droplet concentration in Fog
2 by changing LWC in Fog 2, but starting the list at line 21 with droplet concentration
rather than LWC implies (to me at least) that the main mechanism is an aerosol one:
aerosol-fog interaction in Fog 1 affect aerosols in Fog 2, which then change droplet
concentration in Fog 2, which then changes LWC and lifetime (the classic ACI
pathway). The authors don’t have any evidence for that (the mechanism is meteorology,

not aerosols).

Reply: Sorry for the misleading sentences. We agree with the reviewer that the
mechanism is meteorology, not aerosols. Therefore, we have revised the abstract (Page
1, Lines 20-24): “Our simulations indicate that conducive PBL conditions are affected
by AFI with high aerosol loading in Fogl, and then PBL promotes AFI in Fog2,
resulting in higher liquid water content, higher droplet number concentration, smaller
droplet size, larger fog optical depth, wider fog distribution, and longer fog lifetime in

Fog2 than in Fogl.”

2. Line 45 “proven” — I would say “showed” — a ‘pivotal role’ is not a mathematical

concept so it is not really ‘proved’.



Reply: We have revised the sentence accordingly (Page 2, Lines 49-50): “The critical
roles of aerosols and the planetary boundary layer (PBL) in these processes have been

shown (Boutle et al., 2018; Niu et al., 2011; Quan et al., 2021). ”

3. Line 70 — what is the ‘critical turbulence coefficient’? The reader should not need

to look up the literature unless they are very unfamiliar with fog.

Reply: “The critical turbulence coefficient was the turbulence threshold for diagnosing
whether turbulence suppressed fog or not. If the turbulence intensity inside fog was
weaker than the critical turbulence coefficient, the fog persisted; otherwise, the fog
dissipated (Zhou and Ferrier, 2008).” The above description is added (Page 4, Lines 81-
84).

4. Line 115 -the innermost simulation still has quite coarse spatial resolution. How
well can this resolve the turbulence? Is there a sub-grid cloud parameterization in the

model, or does the Grell 3D cumulus scheme lead to sub-grid variability in fog?

Reply: Turbulence is parameterized in the planetary boundary layer scheme. Based on
closure theory, turbulent fluxes are calculated from gradients and parameterized
vertical mixing coefficients. Besides, the parameterized vertical mixing coefficient also
affects the vertical distribution of meteorological elements by the heat diffusion
equation. Considering the consumption of computing cost, this kind of planetary
boundary layer scheme is widely used in mesoscale numerical models (such as WRF),

though its accuracy is not as good as the large eddy simulation.

There is a sub-grid cloud parameterization in the MYNNZ2.5 planetary boundary
layer scheme, instead of the Morrision microphysics scheme or the Grell 3D cumulus
scheme. The sub-grid cloud parameterization can be found in the reference paper
(Chaboureau and Bechtold, 2002), which is consistent with the source code in

MYNNZ2.5 planetary boundary layer scheme. The sub-grid cloud water content is



derived from a function of the normalized saturation deficit. So, sub-grid cloud

parameterization is considered in our paper.

We revised the sentences (Page 6, Line 144-145): “Turbulence is parameterised in
the MYNNZ2.5 scheme and there is also a sub-grid cloud parameterisation (Chaboureau

and Bechtold, 2002) in the MYNN2.5 scheme.”

5. Line 165- what would be a perfect HSS score? Is the score calculated using each

gridbox as input? Please be clearer about how this evaluation was done.

Reply: “A perfect HSS score is 1.0, indicating that simulations are identical to
observations. We used the fog occurrence at the observation stations and the closest
model grids as input for HSS score. In our study, the HSS score are 0.34 and 0.36 in
Fogl and Fog2, respectively, which are close to previous reports (Mecikalski et al.,
2008; Xu et al., 2020; Yamane et al., 2010).” The above description is added in the

revised manuscript (Pages 8-9, Lines 196-200).

6. Figure 9: Is ‘fog optical depth per unit height’ the same as “average extinction

coefficient through the fog”? It might help the reader to explain this in the caption.

Reply: Yes, ‘fog optical depth per unit height’ is the same as “average extinction
coefficient through the fog”. We have revised the sentences in the revised manuscript

(Page 44, lines 872-873; Page 14, Lines 325, 332).
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