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Effects of Aerosols on Lightning Activity in Regions with Different
Lightning Diurnal Variations
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Abstract This study investigated the relationship between lightning activity and aerosols in the
Sichuan Basin (region 1) and Guangdong region (region 2) by analyzing 9-year (2010-2018)
summer datasets of cloud-to-ground (CG) lightning and aerosol optical depth (AOD) data. The
results indicate that there is a non-linear relationship between AOD and CG lightning flashes in
regions 1 and 2, with thresholds of~0.5 and~0.3 for AOD, respectively. When AOD is below the
threshold, the CG lightning flashes in both regions increase with the increase of AOD. When AOD
exceeds the thresholds, the relationship between the CG lightning flashes and AOD becomes
scattered in both regions. However, in Region 1, the CG lightning flashes still increases overall
with the increase of AOD, while in Region 2, the CG lightning flashes initially shows no
significant change and then decreases with the increase of AOD. The relationship between
lightning activity and aerosols in regions 1 and 2 is determined by the relationship between
lightning and aerosols that occur at night and in the afternoon, respectively. Combined with the
radiation suppression effect of aerosols, it is stronger during the day and weaker at night, which
may lead to different relationships between lightning activity and aerosols in the two regions
under conditions with high aerosol content. In addition, the diurnal variation of CG lightning
flashes in regions 1 and 2 shows bimodal and unimodal forms under various aerosol loading,
respectively. Under condition with high aerosol loading, the peak in the evening of region 1 and

the peak in the afternoon of region 2 appear later.
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RO TN HE B A A RN, £ E =TT, KRR R TR
TEABRAN XA R F5F A VG B B 35 520 (Westcott, 1995; Kar et al., 2014; Altaratz et al.,
2017; Thornton et al., 2017; Liu et al., 2021; Wang et al., 2021). <V K8 ixk 1 Firige 42 5 1 [A] B,
WEEN: P ERAIAR SRR (Fan et al., 2016; Kuniyal and Guleria, 2019; 2= 5%, 2020). Fi#
TR R ME N m RS AU, 2 50 B T IR, R0 2 MR R LUk
= E LR (Rosenfeld et al., 2008; Yuan et al., 2011; Yang et al., 2014; Jifi lE4%, 2015; X{3%E
P45, 2017; XIMRAE, 2018). 5 —J7 I, HES RNIAR H 2 A I AT LAE i A IR SR B 4
S, FATHVR Z ARSI, s TR B I AE R iE (Koren et al., 2008; Yang et al., 2013;
Tan etal., 2016). I A3 P Fh s i A A 58 GRFE — S 3 R 52 0 DA G 200, T e AT TR B E 2
RN Z R R AR, XS BUEIR S N S Z A 58 R SEbr_EARH 228, AR X,
AR BRI AT RE 2 SR N IS B 98 . ALY (Wang et al., 2018; Lal et al.,
2018; Shi et al., 2020; Zhao et al., 2020, 2022).
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1M F/FMIAH B . Wang et al. (2023) &1xf DU I A 0 R0, B URIR & BRGE &I T,
RIS T A ALE BTN S Bl AERBA) A A A T S 4TS R B LR e Bk ) B2 0 o e 5 o
EEAS 2RI )45 5, Ten Hoeve etal. (2012) R IV Bhidh b X A= W5 R I8 7 A 1 A< G HE
A )38 o G BRGS0 = B A s 65 R L, T R D e i S N b . W et al.

(2011 JETE50F R 56 b DX RS AN B 7K s 2l B H AR EAT BB A I, A S R A4 S
W TR IR, 4N TR R H AR IR . Guo etal. (20160 RILFEZRIL
ZHNHLX, 5 R T R S SR S TS AR, R LA T A SRR I TR X
AT RER B NTETS B2 ME N, A A I AR SR i A F BE D S35, 40k DR HEE 1 i k2L,
H E G0 R S 2 95 I (Lee etal., 2016).
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Fig. 1 The spatial distribution of mean (a) AOD and (b) CG lightning flashes. The locations of region 1 and region

2 are marked by black rectangles.
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each panel represents the quadratic fitting curve between them.
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Table 1 The correlation coefficients and significance level between CG lightning flashes and AOD.

X3 1 r p X3 2 r p

AR 0.74 <0.01 EEYUN 0.54 <0.01
AOD<0.5 0.79 <0.01 AOD<0.3 0.91 <0.01
AOD>0.5 0.45 0.08 AOD>0.3 0.12 0.57
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Fig. 7 The diurnal variations of CG lightning flashes in region 1 and region 2 with different aerosol loadings.
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