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, I 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 Fog2 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.

e=g==(hserved mass concentration
e=g==Simulated mass concentration
e=gi==Simulated number concentration

Fogl
250 o8 Fogz 25000
"= 200} 120000 £
en
2 £
g g
S £
< 150 F 4 15000 =
i 7
- ]
g 5
g (]
poe =
§ 100 b - 10000 _é,é
w
g e f. 2
Py "ae E
< sof {5000 3
& 00®% S
-
1 L L L L L 1 1L L

0
2512 2518 2600 2606 2612 2618 2700 2706 2712
LST(Date and Hour)

Figure S4. The timeseries of PM2s mass concentration and aerosol number
concentration in Nanjing (the blue line: observed PM..s mass concentration, the red line:
simulated PM25s 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” — | 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 MYNN2.5 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).



References

Boutle, 1., Price, J., Kudzotsa, 1., Kokkola, H., and Romakkaniemi, S.: Aerosol—fog
interaction and the transition to well-mixed radiation fog, Atmos. Chem. Phys.,
18, 7827-7840, https://doi.org/10.5194/acp-18-7827-2018, 2018.

Chaboureau, J.-P. and Bechtold, P.: A Simple Cloud Parameterization Derived from
Cloud Resolving Model Data: Diagnostic and Prognostic Applications, J. Atmos.
Sci., 59, 2362-2372, https://doi.org/10.1175/1520-
0469(2002)059<2362:ascpdf>2.0.co;2, 2002.

Lee, H.-H., Chen, S.-H., Kleeman, M. J., Zhang, H., DeNero, S. P., and Joe, D. K.:
Implementation of warm-cloud processes in a source-oriented WRF/Chem
model to study the effect of aerosol mixing state on fog formation in the Central
Valley of California, Atmos. Chem. Phys., 16, 8353-8374,
https://doi.org/10.5194/acp-16-8353-2016, 2016.

Mecikalski, J. R., Bedka, K. M., Paech, S. J., and Litten, L. A.: A Statistical Evaluation
of GOES Cloud-Top Properties for Nowcasting Convective Initiation, Mon.
Weather Rev., 136, 4899-4914, https://doi.org/10.1175/2008mwr2352.1, 2008.

Niu, S. J,, Liu, D. Y., Zhao, L. J., Ly, C. S., L, J. J., and Yang, J.: Summary of a 4-Year
Fog Field Study in Northern Nanjing, Part 2: Fog Microphysics, Pure Appl.
Geophys., 169, 1137-1155, https://doi.org/10.1007/s00024-011-0344-9, 2011.

Quan, J,, Liu, Y., Jia, X., Liu, L., Dou, Y., Xin, J., and Seinfeld, J. H.: Anthropogenic
aerosols prolong fog lifetime in China, Environ. Res. Lett., 16, 044048,
https://doi.org/10.1088/1748-9326/abef32, 2021.

Xu, X., Ly, C., Liu, Y., Gao, W., Wang, Y., Cheng, Y., Luo, S., and Van Weverberg, K.:
Effects of Cloud Liquid-Phase Microphysical Processes in Mixed-Phase
Cumuli Over the Tibetan Plateau, J. Geophys. Res.: Atmos., 125,
https://doi.org/10.1029/2020;d033371, 2020.

Yamane, Y., Hayashi, T., Dewan, A. M., and Akter, F.: Severe local convective storms
n Bangladesh: Part 11, Atmos. Res., 95, 407-418,
https://doi.org/10.1016/j.atmosres.2009.11.003, 2010.

Yan, S., Zhu, B., Zhu, T., Shi, C., Liu, D., Kang, H., Lu, W., and Lu, C.: The Effect of
Aerosols on Fog Lifetime: Observational Evidence and Model Simulations,
Geophys. Res. Lett., 48, https://doi.org/10.1029/2020g1091156, 2021.

Zhou, B. and Ferrier, B. S.: Asymptotic Analysis of Equilibrium in Radiation Fog, J.
Appl. Meteorol. Clim., 47, 1704-1722, https://doi.org/10.1175/2007jamc1685.1,
2008.



https://doi.org/10.5194/acp-18-7827-2018
https://doi.org/10.1175/1520-0469(2002)059
https://doi.org/10.1175/1520-0469(2002)059
https://doi.org/10.5194/acp-16-8353-2016
https://doi.org/10.1175/2008mwr2352.1
https://doi.org/10.1007/s00024-011-0344-9
https://doi.org/10.1088/1748-9326/abef32
https://doi.org/10.1029/2020jd033371
https://doi.org/10.1016/j.atmosres.2009.11.003
https://doi.org/10.1029/2020gl091156
https://doi.org/10.1175/2007jamc1685.1

