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ABSTRACT

This paper extends the theoretical developments of Part I to illustrate the power of the method in solving
multiple scattering problems with sources that result from i) the single scatter of a collimated beam of solar
radiation that is directly transmitted to a given point in the medium and ii) thermal emission. These source
terms are derived in the muitimode context and sotutions are presented to illustrate the effects of sun angle
and infrared emission on the radiance and irradiance fields that emerge from hypothetical box shaped clouds.
The results reiterate the earlier findings that the sides of clouds play an important role in the exchange of
radiative energy between the cloud and its environment. The total infrared emission by cuboidal clouds, for
example, is shown to be substantially larger than the emission from plane parallel clouds as a result of this

additional exchange of radiant energy.

The results presented in the paper, including the comparisons with available Monte Carlo calculations show
the multimode approach to be a viable, accurate and computationally efficient method of solving the general
problem of anisotropic scattering in horizontally finite optical media.

1. Imtreduction

In Preisendorfer and Stephens (1984), hereafter re-
ferred to as Part 1, the radiative transfer equation was
transformed using two-dimensional Fourier series to
solve the problem of radiative transfer in a laterally
finite medium. Solutions were presented for the rel-
atively simple case for which it was assumed that there
were no sources of radiation in a medium which was
illuminated only on its upper face. The advantage of
this multimode approach is that the new equation in-
cludes the explicit effects of the lateral sides of the
medium but yet it is in a form that is exactly analogous
to the plane-parallel equation.

This paper extends the concepts of Part 1 to address
three issues that are commonly encountered in prob-
lems of atmospheric radiation; namely i) to include
the effects of variable sun angle, ii) to include the effects
of thermal emission, and iii) to assess the effects of
diffuse incident radiation to the overall solutions. The
major emphasis of the paper is therefore to extend
Part 1 in such a way that the multimode method can
be fruitfully applied to a variety of solar and IR at-
mospheric radiation problems.

Section 2 briefly outlines the essential features of
the multimode procedure while a simple transfor-
mation is described in Section 3 that decouples the
geometric modes from the set of differential equations
and the solution reduces to a simple combination of

© 1984 American Meteorological Society

equivalent plane parallel solutions. In Section 4, the
direct (unscattered) radiation problem is solved in the
multimode context. Section 5 presents the multimode
equation for diffuse radiance with the “direct beam”
source term together with a brief outline of scattering
matrices and vectors required for use in appropriate
doubling algorithms which are used to solve the equa-
tions,

Section 6 describes the thermal emission source term
together with a simplified diffuse incident radiance
term. Some example solutions of the multimode equa-
tion with these two source terms are presented in Sec-
tion 7.

2. The radiative transfer equation in the mulitimode
setting

The general radiance function on a three-dimen-
sional box shaped medium, similar to that illustrated
in Fig. | of Part 1, is a function of three location
variables (¥, v and y) and the directional variable £.
The essence of the multimode procedure is to remove
from the radiative transfer equation the horizontal de-
pendencies u and v by using radiance amplitudes in
a two dimensional Fourier series
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