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Numerical Studies of Cloud Acidification Processes
Using a One Dimensional Cumulus Cloud Model
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Abstract

A one dimensional cumulus cloud model has been developed for the investigation of tempo-
ral and altitudinal variation of trace gases and the wet deposition rates of sulfate for different
simulation conditions. The results show that the dynamic field, liquid mixing ratios and ihe
solubility of trace gases affect the distribution of trace gases and the droplet pH. Temporal
variation of the predicted surface precipitation and sulfate deposition rates agree well with the

field data.
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Schematic diagram for cumulus dynamics.

Fig. 1.
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Table 1. Aqueous Chemical Reactions used for Model Computation.
Reactions Constants Unit

1 H:0 = H*+OH" K,=10"" M?

2 S0, +H,0 = SO,-H,0 KH.=1.24 Matm™
3 SO,;-H,0 @ H*+HSO;~ Ks=0.022 M

4 HSO;~ = H*+S05* Ki=6.24x107® M

5 NH;+H.0 = NH;-H,O KH;=92.9 Magm ™
6 NH;-H,O @ NH,*+OH~ Ke=1.77x107% M

7 CO.+ H:0 = CO.-H,0 KH;=0.034 Matm™!
8 CO,-H,0 @ H*+HCO;5~ Ke=7.68%x1077 M

9 HCO;~ & H* +CO*+ Ke=4.68x107" M
10 HNO;+H;0 = HNO;-H,O KH0=2.10x10° Maem™!
11 HNO;-H,O 2 H*+NQOs™ Kiu=15.4 M
12 H.0.+H.0 = H,0.-H,0 K;.=7x10* Maim™!
13 03+ H,0 =2 05-H,0 Kiz=2%108 Matm
14 S(IV) +H;0, « SO K14:8X104[H+]/K(.1+[Hl]) st
15 S(IV)4+0; < SO Kis=3.1x10° M,
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Table 2. Simulation Conditions Chosen for the Pres-
ent Computation. (unit : ppb)

Run SO, NOx NH; HNO; O, H.0.

1 5 50 0.1 0.1 20 0.05

2 5 50 0.1 0.1 20 0.20

3 5 50 0.1 0.1 20 0.80
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Fig. 2. Temporal and Altitudinal Variation of Lig-

uid Mixing Ratios.
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Fig. 3. Temporal Variation of surface SO, concen-

trations for Different Simulation Conditions.
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Concentration for the Run 3.
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