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ABSTRACT 

Model predictions of sulfate production by an explicit cloud chemistry parameterization are 
compared with corresponding predictions by a bulk chemistry model. Under conditions of 
high S02 and H20 2 , the various model predictions are in reasonable agreement. For 
conditions of low H 20 2 , the explicit microphysical model predicts sulfate production as much 
as 30 times higher than the bulk model, though more commonly the difference is of the order 
of a factor of 3. The differences arise because of the size-dependent distribution of pH in the 
droplets, which is in tum a consequence of the size-dependent distributions of sulfate 
and ammonium ions. Experimental evidence for differing size-dependent distributions of 
ammonium and sulfate ions is reviewed and compared with model predictions. The results of 
the sulfate production comparison suggest that bulk cloud water pH is not always a reliable 
indicator of aqueous reaction conditions in clouds. Related to this, the ozone oxidation of 
aqueous S(IV) appears to be of more significance than would be suggested by pH 
measurements of bulk cloud water. 

1. Introduction 

It is now widely accepted that clouds play an 
important role in the chemical cycles of a number 
of trace constituents in the troposphere (NRC, 
1984). In particular, sulfur and nitrogen species 
are generally held to interact extensively with 
cloud hydrometeors. Consequently, the number 
of modeling studies of cloud chemistry (both 
prognostic and diagnostic) has increased dramati
cally in the last few years (e.g., Easter and Hales, 
1983; Chameides, 1984; Hegg et al., 1984; 
Trembley and Leighton, 1984; Lee and Shannon, 
1985; Flossman et al., 1985, 1987). The com
plexities of the processes involved have discour
aged investigators from simultaneously modeling 
all aspects of cloud chemistry and cloud physics 
with equal rigor. For example, in the Long Range 
Transport models (LRT's) commonly employed 
to address such issues as acid deposition, only a 
"bulk" type parameterization is generally feas
ible. For computational simplicity, the widely-

used bulk model treats the droplet spectrum as a 
single, well-mixed, ideal solution droplet that 
maintains vapor-liquid equilibrium with sur
rounding trace gases. In this paper, we discuss 
the tradeoff between accuracy and computational 
simplicity implicit in such assumptions by exam
ining how much these assumptions affect the 
bulk model's prediction of sulfate formation in 
cloud droplets. We consider primarily the process 
of sulfate formation because previous theoretical 
(Howell, 1949; Hegg and Hobbs, 1979) and 
experimental (Noone et al., 1988) results indicate 
that pH (and therefore the S02 oxidation rate) 
varies across the droplet spectrum and that this, 
in turn, may affect the overall sulfate production 
rate in the cloud. Our approach is to compare the 
predictions of sulfate production from a bulk 
model to those of a more explicit model. In the 
course of this comparison, other interesting facets 
of cloud chemistry attributable to the poly
disperse nature of the reaction medium will arise 
and will be discussed. 
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