Dear Editor and Referee#3,

Thank you very much for your attention and the referee’s evaluation and
comments on this work. Those comments are all valuable and very helpful
for revising and improving our paper, as well as the important guiding
significance to our research. Following are point-by-point responses to
Referee #3°s comments. All the line numbers mentioned in responses are

referred to the manuscript with changes marked.

(1) The manuscript is in need of careful English language editing
throughout, particularly the specific scientific term and the sentence
structure. There are too many to spend time providing a full list of typos
and language corrections.

Reply: Thank you for your comment. We are sorry for these language
mistakes in this manuscript. We have revised most of the content in the

article and carefully checked the language to reduce these errors.

(2) The data processing of polluted and clean subsets is not unambiguous
(Lines 124-125). What the exact AOD range or value are used in this study?
Please clarify.

Reply: Thank you for your comment. We have rewritten this part and added
a figure to illustrate the distribution of samples’ AOD value and the AOD

range of clean and polluted subsets (Fig. 2-1). (Lines: 138-155)
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Figure 2-1. The probability density function of ranked AOD of 532 samples. Black
solid lines denote accumulated occurrence frequencies for the AOD. Red lines show
the top and bottom terciles.

(3) I still cannot understand how these two periods (Period 1 and Period2,
lines 218-220) are chosen. However, these two time periods are the basis
for the following analysis and discussion.

Reply: Thank you for your comments. In this manuscript, we aim to
investigate the diurnal differences in the effect of aerosols on lightning in
the Sichuan Basin. By comparing the diurnal variation of CG lighting
flashes under clean and polluted subsets, we found that the difference in
the response of CG lightning flashes to aerosols mainly occurred between
the afternoon and other times (night and morning). Little difference
between the CG lightning flashes was found between the clean and
polluted subset, while at other times (especially around midnight), the CG
lightning flashes in the polluted subset were markedly greater than that in
the clean subset. Therefore, we selected two time periods in the afternoon

and night respectively in the following content to investigate the



relationship between CG lightning flashes and aerosols, thermodynamics-

dynamics factors and cloud-related parameters.

(4) How do you define the different time periods in this study? The time
periods used in this paper include “nighttime (1800-600BJT)” (line 139),
“midnight (2400-0100 BJT)” (line 140), “night (2300-2400 BJT)” (line
188), “midnight (2400-0300 BJT)” (line 170), “midnight (2300-0200 BJT)”
(line 171), ..., which is very confusing.

Reply: Thank you for your comment. We are sorry for these unclear
descriptions in the manuscript. We have revised these descriptions in the
revised manuscript. We direct describe the different time periods using

numbers like “1200-1800 BJT”.

(5) Conclusions are based on assumptions, rather than on detailed analysis
of the corresponding observation results. No statistics are presented to
prove the points as follows:

(5.1) Lines 193-195: “We speculate that this may be one of the causes for
the inconsistent response results of PPCG to aerosol loading in different
periods.”

(5.2) Lines 228-232: “Meanwhile, the relationship between aerosols and
CG lightning flashes did not show a similar nonlinear relationship at night

time. We speculate that this may be due to the lack of solar radiation at



night, weakening aerosol radiative effects.”

(5.3) Lines 253-255: “Thus, we may infer that the thunderstorm system in
the period] is different to that in period2.”

(5.4) Lines 351-353: “Therefore, it can be inferred that aerosols have
different effects on lightning at different times in the study region.”
Reply: Thank you for your comment. Given these comments, we have
revised the manuscript's content. The specific modifications are as follows:
Reply to 5.1: In the previous manuscript, we investigated the diurnal
variation of PPCG under polluted and clean conditions. The results showed
that there were some differences in PPCG's response to AOD at different
times of the day, but they were not obvious. After we improved the sample
processing method (as described in the reply to comment 9), the difference
in PPCG response to AOD became less obvious (as shown in Fig. 5-1).
Therefore, we decided to remove this part of the PPCG analysis in the
revised version. We will mainly focus on investigating the difference
between the daytime and nighttime effects of aerosols on lightning
frequency in the study area, which is also the main purpose of this study at
the beginning. Some studies have reported the relationship between
aerosols and PPCG, but different results have been found in different
regions (i.e., positive correlation: Tan et al. 2016; Murray et al. 2000;
negative correlation: Kar et al. 2014; Naccarato et al. 2003). This is an

interesting subject worthy of further study. In future research, we will adopt



more appropriate methods to conduct a more comprehensive study about

this.
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Figure 5-1. (a) The diurnal variation of the percentage of positive polarity CG
lightning flashes (PPCQ) in clean and polluted subsets. (b) The difference in the
PPCG between polluted and clean subsets

Reply to 5.2 and 5.4: Firstly, in the previous manuscript, our analysis
mainly compared the differences in the relationship between aerosols and
lightning flashes in the afternoon and part of the night. The descriptions
such as “Therefore, it can be inferred that aerosols have different effects on
lightning at different times in the study region” in the article are not
rigorous. We have revised these descriptions in the manuscript.

The reason why we chose these two time periods is that we found that the
difference in the relationships between aerosols and lightning flashes in

these two time periods was the most obvious. In the afternoon (1200-1800



BJT), the lightning flashes have little difference in polluted and clean
subsets, while at night (2300-0500 BJT), the lightning flashes have the

largest difference in polluted and clean subsets (as shown in Fig. 5-2).
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Figure 5-2. (a) The diurnal variations in CG lightning flashes under clean and polluted
subsets over the study region during the summer (June, July, and August) season of
2010-2018. (b) The histogram of the difference in CG lightning flashes between the

polluted and clean subsets

Further analysis shows that the relationships between AOD and lightning
flashes in these two periods (afternoon: 1200-1800 BJT, night: 2300-0500
BJT) are apparent different (as shown in Fig. 5-3). The AOD and lightning
flashes show different nonlinear relationships in the afternoon and night.
The lightning flashes first increase with the increase of AOD and then
decrease when AOD exceed about 0.3. At night, the lightning flashes also
first increase with the increase of AOD but change little when AOD exceed
about 0.3. Some studies also reported a similar nonlinear relationship

between aerosol loading and lightning flashes and found a similar tipping



point of AOD (Wang et al. 2018: ~0.3, Altaratz et al. 2010, Koren et al.
2008: ~0.25). The microphysical effect of aerosols increases with the
increase of aerosols loading, but when the aerosol concentration exceeds a
threshold value, the microphysical effect of aerosols will reach saturation.
On the contrary, the direct effect of aerosols is weak when the aerosol
concentration is relatively low, and will gradually become stronger with
the increase of the aerosol concentration (Rosenfeld et al. 2008). The
relative intensity of these two effects of aerosols changes with the aerosol
concentration, which may result in the nonlinear relationship between

aerosols and lightning frequency.
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Figure 5-3. Relationships between lightning flashes and AOD in (a) afternoon (1200—
1800 BJT) and (b) night (2300-0500 BJT). Note that samples are first sorted by AOD
and then samples with similar AOD were averaged to create the presented scatter plot.



The max number of samples in each bin is equal to or less than 20. The difference
between the maximum and minimum AOD values of samples in each bin is equal to
or less than 0.05. An estimation of the error was calculated from the standard
deviation of each bin divided by the square root of the number of data points in the
bin. Linear-fit lines, Pearson correlation coefficients (r), and significant level (p) are
also shown.

In this study, when the aerosol loading is relatively low (AOD<~0.3), the
aerosols both positively correlated with the lightning flashes in the two
time periods. The biggest difference in the influence of aerosols on
lightning flashes in these two time periods occurs when the concentration
of aerosols is relatively high (AOD>~0.3). We speculate that this may be
caused by the different roles of solar radiation in the afternoon and at night
in the study region, as well as special topographic and meteorological
conditions. To prove this, we added the analysis of the relationship between
2m temperature and AOD, cloud-related factors (as shown in Fig. 5-4).
When the aerosol loading is relatively high, the aerosol layer above the
surface will reduce the solar radiation that reaches the surface by absorbing
or scattering the solar radiation and thus reducing the surface temperature
(Fig. 5-4a). This effect will disappear at night because of the absence of
solar radiation during this time period. Therefore, no significant
relationship can be found between AOD and T at night (Fig. 5-4e). The
increase in cloud liquid water will lead to thicker and larger clouds and
prevent solar radiation from reaching the ground. Meanwhile, too much
cloud liquid water may promote the development of the warm-rain process

and further reduce the T. On the other hand, the increase in T is also



conducive to the rise of water vapour which is conducive to an increase in
cloud liquid water. In the afternoon, when the TCLW is less than about 0.1
kg m?, the relationship between T and TCLW is unclear. However, at night,
when the TCLW is less than about 0.1 kg m?, TLCW is positively
correlated with T. This shows that when the TCLW is relatively small
(<~0.1 kg m™) and the precipitation process has not yet formed, in the
afternoon, the increase of cloud water content by T and the decrease of T
by TCLW through blocking solar radiation cancel each other, resulting in
an insignificant relationship between T and TCLW. At night, due to the
absence of solar radiation, the effect of TCLW reducing T by blocking solar
radiation disappears, and the effect of T on the increase of TCLW is
dominant, resulting in a positive correlation between them. When the
TCLW is relatively large (>~0.1 kg m™), no matter in the afternoon or at
night, the warm-rain process is promoted, and the evaporation of
precipitation on the surface reduces the T. In the afternoon, the relationship
between TCIW and T is similar to that between TCLW and T (Fig. 5-4c).
However, at night, no obvious relationship was found between TCIW and
T (Fig. 5-4g). This may be due to the fact that the TCIW is more related to
the strength of the updraft. The T at night is not the main factor affecting
the convection intensity, but the conversion process from TCIW to
precipitation is more complex, so the TCIW has a weaker effect on the

reduction of the T. In addition, increase aerosol loading will produce more



but smaller cloud droplets that inhibit the warm rain process and may lead
to an increase in cloud liquid water (Fig. 5-4d and h). Therefore, the reason
for the negative relationship between AOD and T in the afternoon may also
include the effect of aerosol on cloud water content. In summary, in the
afternoon, excessive aerosols will reduce the T through its direct radiative
effects and microphysical effects. At night, such inhibit effects on T are
reduced. The reduced T leads to the increase of atmospheric stability and
thus inhibits lightning activity. This may explain the difference in the

relationships between AOD and lightning flashes in the afternoon and night.
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Figure 5-4. Relationships in (a and ¢) AOD-T, (b and f) TCLW-T, (c and g) TCIW and
(d and h) AOD-TCLW in the afternoon (1200-1800 BJT) and night (2300-0500 BJT).
Note that samples are first sorted by (a, e, d, and h) AOD, (b, f) TCLW, and (c, g)
TCIW, and then samples with similar (a, e, d, and h) AOD, (b, f) TCLW, and (c, g)
TCIW were averaged to create the presented scatter plot. The max number of samples
in each bin is equal to or less than 20. The difference between the maximum and
minimum AOD, TCLW, and TCIW values of samples in each bin is equal to or less
than 0.05, 0.05 and 0.01. An estimation of the error was calculated from the standard
deviation of each bin divided by the square root of the number of data points in the
bin. Smoothing spline-fit curves, Pearson correlation coefficients (r), and significant
level (p) are also shown in each panel.

Reply to 5.3: This inference is not rigorous. Based on the diurnal change
of the spatial distribution of lightning flashes (as shown in Fig. 5-5), the

spatial distribution of lightning has obvious differences in different time



periods. Compared with the afternoon, nighttime lightning mainly occurred
in the south and west part of the study region. This regional difference may
also be the reason why the relationship between vertical wind shear and
lightning flashes is different in the afternoon and at night. We have revised
the relevant statements in the manuscript.
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Figure 5-5. Diurnal cycle of total CG lightning flashes (unit: flashes hour™!) on a
0.5°%0.5° grid with an interval of 3 hours (BJT) for 2010-2018 including the summer
months (June, July, and August). The black lines represent the 1500m contour lines.

(6) The results show that there are differences in the spatial distribution of
CG lightning between polluted and clean subsets (Fig.5). What is the
reason of this distribution? Will this influence the following analysis?
Before the authors discuss the relationships between CG and aerosols at
different periods, a more comprehensive discussion, related to the
differences in the spatial distribution of CG lightning between polluted and
clean subsets is required.

Reply: Thank you for your comment. We have redrawn this figure and

added more information (as shown in Fig. 6-1). Between 2100 BJT and



0900 BJT, the difference in lightning flashes under polluted and clean
subsets is obvious, but it is not obvious for the rest of the time (the change
of lightning flashes of most grid points is less than 1). During this period,
the most obvious differences were concentrated in the south and northwest

parts of the study region (Figure 6-1d, I, j, and k).

Difference (Nashes hnur"grld")

6 4 2 0 2 4 6
(@) 1200-1500 BIT OICISEURUSE " () 1800-2100 BIT  (d) 2100-2400 BJT
= ez o . T ] Y e o o A
+ NS, 2 2 NN “ N W X, T
32 ﬁ: ¥ %2 o2 7 W R 37 \v?é
3 P+ 3 3 {#'+ 3 {
U 31 " 31 P 1 * F
w0} &7+ + & 30} 42 + o+ 30 >4 o 30 P + + o«
ﬁfé; + ot DI T s:‘ L2 S S = &j, + @w? - i;.."., + + 4+ ol -
Ay att - A 4 1 s Khg i
Nl N o, [ o il TR Hael” "
ot % e 2] % X Ak 4ok ’
), BF 28 % : ; 28 - 28 X
& R ! s | 4P e, L g
1A e I VAV i e I AN e - R A
102 104 106 108 102 104 106 108 102 104 106 108 102 104 106 108
_'§ 40 (€) 1200-1500 BI'1 ‘é 40 (f) 1500-1800 BIT é 40 (2) 1800-2100 BJ1 TQ_ 401 (1) 2100-2400 1
> PR p
30 30 Positive:41.4% 3 Positive:70% 3 Nf« %
S Pasitive:28.6% c Negat 0 s Nogative:30% = Flashes:60.5
E 20 Negative:71.4% E 20 Flashes:-5.2 E: 20 Flashes:10.4 E 0 Percentage:79.1%
E 0 Flashes:-10.2 £10 Percentage:-7.1% E10 Percentage:13.9% £ 10
= = = =
z Percentage:-334% | 7 [P Z 9
o
0-0.1 0.1-1.0 1.0-20 2.0-4.0 >4.0 0-0.1 0.1-1.01.0-2.02.0-4.0 >4.0 001 L1-1.0 1.0-2.0 2.0-4.0 >4.0 O-0.1 0.1-1.0 1.0-2.02.0-4.0 >4.0

(i) 2400-0300 RTDifference (j) 0300-0600 BJT Difference (k) 0600-0900 BJTDifference (1) 0900-1200 ByTDifference
33 33 33

33 - -
7 AL s TLBEAN. Y e EAGAY , ALPBTGAY
3:%"%-.‘ 5 '?igl N s T Vs o TN
32 27 32 257 32 £ W o X7 b
?V ,' + ”c' T+ + + +
i Pl a1 i 3 -+ + + 4+
3 j + o+ 4+ 3 j¢¢¢¢0 s J’o*-@ ~ F + o+ o+
X5 + o+ + . S+ 4 T b+ 4 5 X +++ &
30 {)? = i P B i T o« 30 ,&: s PN ] + 4 0
o ARG e o 29| XV o B i N T
|, SEet - nl, SE ol | FELaEE | B 2
1 S AT ’ 1 AT, ’ | LN ’ | PR AT
VIV, Gt " TININN JE [V Gl TN I [V, @i~ TN B ', G- 288
102 104 106 108 102 104 106 108 102 104 106 108 102 104 106 108
< 40} (m) 2400-0300 BJT 5 40} (n) 0300-0600 BJT S (0) 0600-0900 BJT { 2 40 (p) 0900-1200 BJT
g Positive:77.1% 5 Positive:81.4% 5 > SO0 >
300 Neg 2.9% 30} Negative:18.6% 30 '\“:'f'l\":_"l"];f 30 Positive:82.9%
e sgf  Flashes:113.7 e sq) Flashes:87.7 2 0 F,‘:‘:u::.‘é‘g ¥ = 2 Negative:17.1%
2 U Percentage:124.7% 27 Percentage:105.6% 2 e o 2 Flashes:21.4
= = Percentage:122.7% = -
En Ew Ew Percentage:105.2%
“ = 0 T S
0-0.1 0.1-1.0 1.0-2.02.0-4.0 >4.0 0-0.1 0.1-1.0 1.0-2.02.0-4.0 >4.0 0-0.1 0.1-1.0 1.0-2.0 2.0-4.0 >4.0 0-0.1 0.1-1.0 1.0-2.02.0-4.0 >4.0
Difference Difference Difference Difference

Figure 6-1. (a-d, i-1) Diurnal changes of total CG lightning flash differences (unit:
flashes hour ') between polluted and clean subset (polluted—clean) during the study
period with an interval of 3 hours (BJT). Black lines represent the 1500m contour
lines. The spatial resolution is 0.5°x0.5°. The colour in a grid represents the value of
lightning flashes change in the grid. Plus signs denote those grids with relatively large
lightning flashes difference (the absolute value of lightning flashes difference ranks in
the top third). (e-h, m-p) Histograms of the differences (red: positive, blue: negative)
between lightning flashes in the polluted and clean subsets. The percentages of grids
with the positive (negative) difference in the total grids, the total change of lightning
flashes, and its percentage are also given.

Fig. 6-2 and 6-3 show the diurnal cycle of lightning flashes in polluted and
clean subsets, respectively. In general, the spatial distribution of lightning

flashes under polluted and clean subsets is similar, especially between 1800



and 0600 BJT. We speculate that the spatial distribution of lightning flashes
in the study region is mainly controlled by terrain and meteorological
conditions, and aerosol may have little impact on its spatial distribution.
The difference brought by aerosols may be mainly reflected in the time
difference. In addition, this difference in the spatial distribution of lightning
flashes needs to be considered in the following analysis. This may be the
reason for the difference in lightning flashes and other factors (such as

vertical wind shear) between afternoon and night.
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Figure 6-2. Diurnal cycle of lightning flashes in polluted subset on a 0.5°x0.5° grid
with an interval of 3 hours (BJT) for 2010-2018 including the summer months (June,
July, and August). The black lines represent the 1500m contour lines.
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Figure 6-3. Same as in Fig. 6-2, but for lightning flashes in a clean subset.

(7) Lines 240-283, Figures 7-9: How did the samples be sorted? More
information about the methods should be provided. Furthermore, your
conclusion seems not reliable because of the large standard deviation of
each bin.

Reply: Thank you for your comment. In the previous manuscript, when
creating the scatter plot between lightning flashes and other factors
(referred to as x), the lightning data were first sorted as a function of x and
then every 20 points were averaged. This method does not control the range
of x in each bin, resulting in a large standard deviation in some bins. We
have improved this method in the revised manuscript. The samples were
first sorted as a function of x and then samples with similar x were averaged.
The max number of samples in each bin is equal to or less than 20. The
difference between the maximum and minimum x of samples in each bin

is limited to a fixed range. This information has been added to the figure



title. With the improved method, the standard deviation in each figure is

lower than the previous results.

(8) Lines 256-271: The analysis seems to be completely wrong. The
authors claim that “A positive relationship (r = 0.94) between them is found
in Period2” (line 261, Fig. 8b). However, a negative relationship between
them 1s shown in Fig. 8b.

Reply: We are sorry for this mistake. We have checked and revised this

wrong analysis in the revised manuscript.

(9) Figures 10-11: The authors got “564 samples” in total (line 123),
however, the total number of samples in Figs. 10-11 is much larger than
564 samples, which cannot convince the reader of the validity of the
conclusions.

Reply: Thank you for your comments. In the revised manuscript, we
modified the sample processing method.

In the previous manuscript, the time of a sample includes 24 hours. It starts
at 0600 BJT one day and ends at 0600 BJT the next day, as shown in Fig.

9-1.
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Figure 9-1. Schematic diagram of sample time selection.

Then, we only retain grids with CG flashes larger than ten during the period
of a sample (the blue region shown in Fig. 9-2) to make sure there are
relatively strong thunderstorms in those grids (hereinafter referred to as
useful grids). Only samples with useful grids will be retained. Based on

this rule, we finally got 564 samples during the whole study period.
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Figure 9-2. Black lines frame the study region. The blue region is grids with CG
flashes larger than ten during the period of a sample. The spatial resolution of these

grids is 0.5°x0.5°.
The AOD in a sample was calculated from the hourly averaged AOD of

these grids as follows:

A0D _ Y2, AODgigx
le =
Sample 24 X Nerid

The AODsample 1S the AOD value of a sample. The AODgrigx 1s the AOD

value in k hour of a useful grid. The ngig is the number of useful grids in a



sample.

This method has some drawbacks. It did not take into account the wet
deposition of aerosols by precipitation during thunderstorms. Therefore,
the definition of clean and polluted subsets, as well as the analysis related
to the value of AOD in the previous manuscript were not rigorous. In
addition, we set a lightning threshold of ten to filter out many relatively
weak lightning activities. However, these weak lightning activities should
also be considered in the analysis. In the revised manuscript, we have
improved the sample processing method in view of these drawbacks.

In the revised manuscript, a sample starts at 1200 BJT one day and ends at
1200 BJT the next day, as shown in Fig. 9-3 (b). In the study region, most
thunderstorms from in the afternoon, at night, and the next morning (Fig.
9-3 (a)). The thunderstorms in the morning may be associated with intense
thunderstorms at night. Therefore, noon is a relatively appropriate cut-off
point for the sample period. The thunderstorm is weakest at noon, and the
impact of precipitation on aerosols is relatively weak. Therefore, we
selected the averaged AOD of the useful grids on the first hour (between
1200 BJT and 1300 BJT) of a sample period to represent the AODsampie. In
addition, we limited the number of grids with CG lightning flashes to less
than 10% of the total grids (7 grids) in each of the six hours before the start
of'a sample. This is to ensure that thunderstorm has been weak for a period

of time before the start of a sample to reduce the possible impact of



thunderstorm precipitation on aerosol loading.
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Figure 9-3. (a) The diurnal variation of CG lightning flashes during the study period.
Numgrigs: number of grids with CG lightning flashes in each hour. Numrota1: number
of grids (70) in the entire study region. (b) Schematic diagram of sample time
selection.

It should be noted that the definition of useful grids has been changed to
those grids with at least one CG lightning flash during a sample period.
This change allowed some grids with relatively weak thunderstorms to
include in the analysis. Finally, the AOD in a sample is calculated as

follows:
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The AODgampie 1s the AOD value of a sample. The AODy is the AOD value
in the first hour of a useful grid. The ngiig 1s the number of useful grids in
a sample. Finally, we got 532 samples. The definition of the clean and
polluted subsets is the same as the method used in the previous manuscript.

All samples are sorted according to AODsampie and divided into three equal



sample subsets where the top third of the AOD range is labelled as polluted,
and the bottom third is labelled as clean. The distribution of samples’ AOD

and the AOD range of clean and polluted are shown in Fig. 9-4.
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Figure 9-4. The probability density function of ranked AOD of 532 samples. Black
solid lines denote accumulated occurrence frequencies for the AOD. Red lines show
the top and bottom terciles.

In section 3.4 (in raw manuscript), we aim to discuss the joint effects of
aerosols and dynamics-thermodynamics factors. The analysis method we
used needs enough samples. Therefore, we take each useful grid in a
sample as a new sample, thus obtaining 11408 new samples. However, this
method 1s not rigorous, so we abandoned it in the revised manuscript. We
adjust the content in section 3.4 and the analysis in section 3.4 is still based

on the 532 samples used in the above content.

Technical corrections:
Reply: Thank you for your technical corrections. We have revised all these

errors in the revised manuscript.
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