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ABSTRACT 

Numerical models of convective clouds with a bulk-water parameterization scheme extend the 
hail spectrum unrealistically to zero size. Since some of the microphysical characteristics of 
clouds depend critically on the hail accretional growth, it is desirable to see how the accretion 
rates may be improved by considering only hail sized particles, equal or greater than 0.5 cm in 
diameter. An equation for hail accretion rates which includes only hail particles larger than 
0.5 cm is derived. Calculations show that the new hail accretion rates may differ from their 
earlier values by a factor of more than 3. The new equation for hail accretion rates is tested in 
a 1-D time-dependent model. The numerical results show that the modeled cloud with the new 
formula is more effective to produce the amount of rainfall and hail in shorter time than in 
previous case. The result is in fair agreement with observations. 

1. Introduction 

The hail acretion rates essentially contribute to 
the mass transfer between different precipitation 
elements in intense Cumulonimbus clouds. 
Therefore, their parameterizing in numerical 
models has received increased attention in recent 
years (Mizuno, 1990; Verlinde et al., 1990). Hail 
accretional growth is numerically treated by a 
collection equation. Most models with a bulk­
water parameterization scheme use the approxi­
mate solutions to the integrand form of a stoch­
astic collection equation introduced by Kessler 
(1969) and Wisner et al. (1972), like, for instance, 
Orville and Kopp (1977), Lin et al. (1983), Curie 
and Jane (1989, 1991, 1993) and Farley et al. 
( 1994 ). These solutions are derived by integrating 
the corresponding equations over hail sizes from 
0 to + oo (hereafter called the idealized hail spec­
trum) when hail follows two-moment exponential 
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size distribution with one moment fixed. The hail 
size spectrum is treated rather loosely by taking 
into account the hail with size extension to zero, 
since the calculation of incomplete gamma func­
tions is computationally expensive (Farley et al., 
1989). However, the observed hail size spectrum 
is quite different. Therefore, the treatment of hail 
spectrum in existing models does not represent a 
real process. 

In reality, a hailstone is a particle which has an 
equivalent sphere diameter of 0.5 cm or more 
(Pruppacher and Klett, 1978; Matson and 
Huggins, 1980; Bohm, 1989). Smaller sizes are 
attributed to different kinds of graupel (Bohm, 
1989). On the other hand, graupel terminal velocit­
ies are mainly quite different compared to those 
for hail (Locatelli and Hobbs, 1974; Knight and 
Heymsfield, 1983; Heymsfield and Kajikawa, 1987; 
Murakami, 1990). Most hail models (e.g., Lin 
et al., 1983) assume the hail size distribution of 
exponential type found by Federer and Waldvogel 
(1975) adjusted for incloud conditions. Mean­
while, the graupel number concentrations are often 
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