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Abstract A two-dimensional (2-D) cumulus model with electrification and lightning processes is implemented to
investigate aerosol effects on microphysical process, electrification, and charge structure in thunderstorms. The 2-D
cumulus model coupled with a droplet freezing module is used to simulate a SEET (Studies of Electrical Evolution in
Thunderstorms) case. The results show that the number concentration of cloud droplets increases and its scale decreases
with increasing aerosol concentration, but the content of raindrops reduces. Ice crystals grow rapidly in low temperature
region, which is attributed to droplets freezing, and the number concentration of ice crystals increases but the scale
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decreases. The number concentration of graupels increases first and then decreases sharply because ice crystals are

difficult to grow into graupels with larger scale when the aerosol concentration exceeds 1000 cm™. In addition, the charge

structure of thunderstorms is not affected by aerosol concentration, but aerosols have significant effect on the strength of

electrification, i.e., when the aerosol concentration is lower, more ice crystals and graupels collision enhances the

non-inductive charging process and increases the charge density as the aerosol concentration increases; however, the

non-inductive charging rate starts to decrease when the aerosol concentration exceeds 1000 cm™ due to the appearance of

small ice crystals and little graupels, and the charge density is reduced.

Keywords Aerosol, Cloud droplet freezing, Non-inductive charging, Charge structure
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Fig. 1 (a) Environment temperature and humidity stratification (solid line represents the environment temperature and dashed line represents the dew point

temperature) and (b) wind vertical profile (solid line represents horizontal wind and dashed line represents vertical wind)
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Fig. 2 Spatial and temporal distributions of the mixing ratio (shadings) and the number concentration (contours) of cloud droplet [left column; Q. and H,

represent the mixing ratio and number concentration of cloud droplet, respectively; black contours represent the number concentration 10°, 107, 10%, and 10°

kg ', respectively; red solid lines represent the isotherm (—40 °C and 0 °C)] and raindrop (right column; O, and H, represent the mixing ratio and number

concentration of raindrop, respectively; black contours represent the number concentration 10°, 10%, 10°, and 10° kg™, respectively). The numbers represent the

maximum values in each layer in the vertical direction; the same hereafter
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Fig. 4 Spatial and temporal distributions of the mixing ratio and number concentration of ice crystal (left column; Q; and H; represent the mixing ratio and

number concentration of ice crystal, respectively; black contours represent the number concentration 10°, 107, 10°, and 10° kg™', respectively) and graupel

(right column; O, and H, represent the mixing ratio and the number concentration of graupel, respectively; black contours represent the number concentration

10%, 10%, 10°, and 10° kg ', respectively)
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Table 1 The non-inductive charging rate and inductive
charging rate in four cases

AERHE  ARENRERPCm s R AR /PCm s
Nyfem™ SN fe/MHE s KNAH 50/ MHE
100 244.80 —14.86 8.85 —2.54
500 1308.60 —184.30 240.29 —130.56
1000 1801.80 —431.67 73.88 —86.07
3000 1290.00 —346.18 101.20 —266.20
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Fig. 5 The evolution of non-inductive charging rate: (a) No=100 cm >; (b) Ng=500 cm ; (¢) Ng=1000 cm>; (d) Ny=3000 cm . The black solid lines represent

the isotherms (—40 °C, —15 °C, and 0 °C)
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Fig. 6 The charge structure distribution in different stages (shadings represent the charge density and thick black line represents the outline of the thunderstorm)
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