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ABSTRACT 

The optical properties of rain were derived from Mie theory for the short-wave region 0.25-5 µm, 
using lognormal rain-drop size distributions. The optical depth of rain follows the large-drop 
approximation closely. The asymmetry parameter is slightly larger than that for typical clouds, 
especially at around 1.5 µm. The quite variable coalbedo was parameterized for 4 spectral bands 
as a function of the rain intensity. For a cloudlayer with rain, the suggested flexible parameter­
izations may be combined in a simple fashion with existing cloud-drop optics, e.g. in GCM 
radiation schemes. 

1. Introduction 

The effects of rain on the cloud optics are 
presently neglected in weather forecast and general 
circulation models (GCM), although an estimate 
of the rain intensity R is available in these models. 
The optical properties needed for radiative flux 
calculations are the optical depth r, the single 
scattering albedo w, and the asymmetry parameter 
g. These were derived for precipitating and nonpre­
cipitating waterclouds in Savijarvi et al. ( 1997, 
SAR in what follows) in the solar range A= 
0.25-5 µm, by using Mie theory and integrating 
over several cloud-drop plus rain-drop size distri­
butions. A parameterization scheme for the cloud 
optics including the large-drop part was also 
developed in SAR, by utilizing R. It was shown, 
for instance, that extra absorption of solar radi­
ation in clouds (up to several tens of W m- 2

) may 
take place due to the existence of the large drops 
(i.e. rain). 

In this short note, Mie theory results for the 
optical properties of raindrops alone are presented, 
using rain-drop size distributions without cloud 
drops. As an alternative to SAR, a simple but 
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relatively accurate four-spectral-band para­
meterization is developed for the rain optics in 
the shortwave region as a function of the rainfall 
rate. The rain optics (rp wp gr) can then be com­
bined with any cloud-drop optics (re, we, ge), 
already in use, e.g., in a GCM radiation scheme, 
through: 

(1) 

(2) 

(3) 

which is valid assuming that raindrops are ran­
domly distributed inside a cloud layer containing 
both cloud and rain. The cloud-drop optics might 
be parameterized, for instance, as in Slingo ( 1989 ), 
or as given in SAR. Eqs. ( 1)-(3) can then be fed 
into any multiple-scattering scheme calculations. 
Eqs. ( 1)-(3) have been used by, e.g., Rocke! et al. 
( 1991) when combining ice particle and water­
drop optics of a mixed cloud. 

The rain optics can also be utilized in a layer 
without cloud drops, i.e., below a precipitating 
cloud. Although this should have only a minor 
effect in a GCM framework, rains occurring norm­
ally for short periods of time only, case studies 
and some signal propagation applications (e.g., 










