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ABSTRACT

In this paper we demonstrate that the anomalous diffraction theory of van de Hulst \jlith some modifications,
provides a reasonable approximation of the volume extinction and absorption coetﬁcne_nts: We also show how
the shortwave radiative properties of a water cloud can be derived in terms of 1) cloud liquid water pat_h, 2) the
effective radius of the droplet distribution, and 3) the bulk absorption coefficient of water. With the aid of the
approximate diffraction theory we describe how cloud albedo and shortwave absorptiqn depend on thq drop}et
size. We demonstrate this dependence to be somewhat compléx and show that the variation o( gbsor_pnon with
variation of droplet size depends also on the cloud liquid water path. For “deep” or sem:-m!imte clquds,
absorption increases monotonically with increasing effective radius, but the reverse dependence is at'at.)l;shed
for thin clouds. The implications of these results to the so-called absorption paradox and to the possibility of
dJetermining droplet size information from remotely measured reflectance spectra are also discussed.

1. Introduction

There has been a certain amount of recent discussion
in the literature concerning the relevance of cloud mi-
crophysical properties (specifically droplet size) to the
gross radiative properties of clouds. Stimulated by the
so-called “shortwave absorption paradox™ (Reynolds
etal., 1975; Herman, 1977; Stephens et al., 1978; Ack-
erman and Cox, 1981), particular emphasis has focused
on the effects of very large droplets on cloud shortwave
absorption (e.g., Wiscombe et al., 1984; Welch et al,,
1980; and implied in the work of Twomey and Bohren,
1980). This research has created a certain amount of
confusion regarding the likely effect of large droplets
on the cloud shortwave absorption. Under some con-
ditions, the absorption is either decreased or largely
unchanged by the introduction of large droplets (Wis-
combe et al., 1984) while other analyses indicate a
monotonically increasing absorption with increasing
drop size distribution. (For example, Twomey and
Bohren derive a square root dependence on particle
size.)

The purpose of the research reported in this paper
is twofold. We consider the effect of droplet size dis-
tribution on the shortwave absorption and reflection
of water clouds, and we also demonstrate the utility of
the anomalous diffraction theory of van de Hulst (1957)
as a means of parameterizing the single scattering
properties of clouds. The connection between these
seemingly unrelated objectives is realized in sections 5
to 7, in which the approximation is used to describe
cloud radiative properties as a function of the effective
droplet size. These relationships are then used to assess
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the effects of droplet size on the reflection and absorp-
tion of solar radiation by cloud layers.

The motivation for the second stated objective stems,
in part, from those class of problems that desire to
couple radiative transfer in a realistic but simplified
manner to some other physical process such as the dif-
fusional growth of water or ice particles in the atmo-
sphere (Roach, 1976; Barkstrom, 1978; Stephens,
1983), or perhaps even to a multitude of processes such
as in climate models. For applications such as these,
the theory of light scattering by particles is of such
overall complexity that the use of exact scattering so-
lutions (if they even exist) is impractical. As a substitute
to these rigorous solutions, we propose to use van de
Hulst's anomalous diffraction relations to approximate
the extinction efficiencies for cloud droplets and then
incorporate these into a multiple scattering model in
order to derive spectrally integrated cloud shortwave
absorptance and albedo.

Section 2 contains a brief account of anomalous dif-
fraction theory and is followed in section 3 with some
comparisons of this approximate theory to Mie theory.
These comparisons are then used as a basis for modi-
fying the ADT to provide improved agreement with
Mie theory. In section 5, this modified theory is applied
to a polydisperse cloud model and we demonstrate it
not only to be a useful approximation to Mie theory
but also to offer a certain amount of insight in the
effect of cloud droplet size distributions on absorption.
This section is then followed by examples of the simple

. theory which is applied in a two-stream model of mul-

tiple scattering. The utility of the diffraction theory is
then demonstrated in sections 6 and 7 by considering






