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Abstract A two-dimensional cumulus model coupled with an aerosol module is used to simulate a case of tropical
convection in Nanjing. Numerical simulations at a resolution of 250 m are performed to investigate the effect of acrosol
concentration on the electrification and lightning flash rate in the thunderstorm clouds. In this aerosol module, the
distribution of aerosol particles is fitted by superimposing three log-normal distribution functions, and the activation of
aerosol particles to form cloud droplets is considered. The results show that: (1) The charge structure in the thundercloud
remains a triple charge structure as the aerosol concentration increases. (2) When the aerosol concentration is changed

from 50 to 1000 cm °, a stronger formation of cloud droplets, graupel and ice crystals results in an increasing charge
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separation and lightning flash rate. (3) In the range of 10003000 cm >, the decrease in ice crystals caused by vapor

competition leads to a reduction in upper positive charge, while the enhancement of graupel and cloud droplets results in

the contribution of inductive charge to the middle negative charge region and lower positive charge region increasing with

greater aerosol concentration. The flash rate shows a slight change. (4) At very high aerosol concentrations (above 3000

cm ), the magnitude of the charge and lightning flash rate, which remains steady in the thundercloud, is insensitive to

aerosol concentration.

Keywords Aerosol, Charge structure, Charge separation mechanism, Flash rate, Numerical simulation
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Table 1 Parameters for the aerosol particle distribution
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Fig.1 Environmental sounding used for the simulation of thunderstorm clouds. The thick solid lines depict the dew point (left) and temperature (right) profile.

FL N PR SRR T A e A =i, IR
I O R s FAT S R R A . AR SC TR 4 BB
R %, LA B RYIER L35 N N=100
cm >, N=500 cm . N=1000 cm>. N=3000 cm .

SRS AT e T RN TR B AEER 54
min B2 WIKIE . SUffr i A B, ik,
RIS RVIGHIRIE R EH S AE 54 min
I E AT SE R T8 2 e IR AT DL e BES
SEIER B3I, 2 Tl P IR R AE W ek
A5, mIE AT 14 km A7 OB )
BN B P A SR TR RS, AR h A 4
H, Bl: = B IEHRAHE (9 km mELLED,
M E A (5~9 km 2D, JEEAEE
—ANUIEHAHE (KT 5km &) £ 145E TN
KA B N L A T, P OQwps O
O 2R A0 H AT HE . B SO HE . YRIE FLA
M B T d R e B S ke )
TR YRR, AT HELL AT RS 2RI R
B BAE ARt DUR = B0 1 kme R 2 141,

HR P A S L R O R R R B S R
(14 v HR 8 3 A7 e gy 3 P e DA RS YK O HAL Al
HE AT AT N 4RI E A 1000 cm ™ 1
HNZE 3000 em > I, b0 3 TE A A HE HL AT R o

*2 MRNMIPERCLBEEREHEREGE (O, £
ABREE (On) REBRE ()

Table 2 Charge values in the upper positive charge region
(Qyp), middle negative region (Q.,), and lower positive

charge region (0y,)

Case Qup/ C an/ C le/ C
N=100 cm™> 88 —100 5
N=500 cm > 275 —371 73
N=1000 cm 365 —471 76
N=3000 cm > 359 —489 117
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Fig. 4 Precipitable ice mass flux (f;), non-precipitable ice mass flux (f;,), and flash rate for every minute in the four simulation cases
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