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Abstract Using a two-dimensional spectral resolving cloud model, the effects of number concentration and size dis-
tribution of aerosol particles and relative humidity on mixed-phase convective clouds are investigated, and the chan-
ges in aerosol’s effects with relative humidity are discussed. The results show that, under the same initial thermody-
namic and dynamic conditions. the clean maritime clouds produce raindrops, ice crystals, and graupel particles more
effectively in both development and mature stages, resulting in a stronger radar reflectivity. With the increasing in
aerosol number concentration, such as in the polluted continental clouds simulated here, excessive aerosol particles
limit the growth of cloud droplets and the formation of precipitation particles. It is also found that the aerosol effect

on cloud properties and precipitation is strongly dependent on the environmental relative humidity, that is, as rela-
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tive humidity increases from 50% to 70% at the surface, the cloud changes from shallow cumulus cell to a deep con-

vective cloud. The aerosol effect is not as important in the dry air as in the humid air. This is consistent with the

previous studies. The increase of relative humidity makes ice particles form earlier and grow faster, and the cloud

anvil expands to a larger area. However, the rain initiating time is more sensitive to relative humidity than to aerosol

particle concentration,

Key words aerosol, microstructure of cloud, precipitation, relative humidity
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Table 1 The evolutions of the main parameters in cases MR, CN, and PC

L/BL MR CN PC
BAREFSF (m/s). B (min) | & (km) 13.0, 43, 4.0 13.2, 43, 4.0 12.7, 43, 3.9
ORBUK & (g/ke) . BF[A] (min) . B (km) 3.99, 43, 4.3 4.26, 44, 4.9 4.29, 46, 5.2
KRR S K (g/kg) L BE] (min) | @)% (km) 1.47, 80, 5.4 0. 58, 80, 5.2 111, 80, 5.5
Tk R &k (g/kg) . WFA] (min) , B (km) 4.11, 56, 3.0 2.94, 49, 5.1 144, 54, 3.7
W R (em ™) L ] (min) |, &2 (km) 64.7. 36, 2.3 329, 39, 2.4 1017, 40, 2.3
KRR (LD L BHE] (min) . & (km) 152, 49, 5.7 36. 5. 50, 6.2 69.3. 52, 6.0
TR R (L) | BHE] (min), B (km) 4.37, 50, 6.2 4,27, 49, 6.1 2.44, 57, 5.0
KB iG] (min) 48 50 54
B KK (mm/h) . Bf[E] (min) 268, 59 162, 61 34. 8, 63
i R FFEZK (mm) 22. 99 12.79 1.15
Z (km) 7.4 7.2 7.6
BREBRHRET (dB2) | BfE (min) . ZE (km) 65.8. 53. 3.5 63.5. 56, 3.0 50.3. 54, 3.8

£ REBAMIEE 2Rk e B BRI (B m /)

Table 2 The maximum ice formation rate (m—/s) at selected times in various microphysical processes

MR CN PC

i [t / min BEESURES B A RO BEESRES sEfR B4R BOF BEERARES B B4 ®It
40 0. 29 129.9 / 0. 06 0.31 38. 63 / / 0.27 32. 94 / /
44 33.02 934. 5 / 8. 08 53.60  266.4 / 0.72 40.15  125.8 / /

48 79.47 1155 0.02  7.36  184.9 60.25 0.38  1.85  449.6 48. 33 / 0. 56

52 8. 36 578.6 / 1.62 8.21 26.24  0.54  0.77 87. 60 38.31 / 5.55

58 1. 06 675.1  0.01  0.37 2.07 65.10  0.26  0.30 10. 67 1.47 / 3.85

60 0. 50 80.50  / 1. 11 1.63 22.94 0.01  0.11 1.52 / / 0. 96
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Fig. 3 (a) Time evolution of maximum precipitation rate, and the accumulated precipitation amount from (b) the total condensate, (c) lig-

uid phase. and (d) ice phase in cases MR, CN, and PC
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