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We use elementary considerations to carry out a Fourier decomposition of the radiation intensity
for an atmosphere that has a ground defined by a general (asymmetric) reflection function, in order
to represent better a remote-sensing problem.

We let I(,u, ) denote the intensity (radiance) of the radiation field and utilize the equation
of transfer[1] for a plane-parallel medium to model our atmosphere. We write
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or ar J_, Jo

where 7 € (0,7) is the optical variable and @ is the albedo for single scattering. In addition,
i € [-1,1] and ¢ € [0,27] are, respectively, the cosine of the polar angle (as measured from
the positive T axis) and the azimuthal angle which describe the direction of propagation of the
radiation. We note also that the phase function p(cos®) is represented by a finite Legendre
polynomial expansion in terms of the scattering angle 0.

We assume that the atmosphere is illuminated uniformly by a solar beam with a direction
specified by (po, ¢0), and so we seek a solution to Eq. (1) that satisfies the boundary conditions

I(0, 11, 0) = w6(p — 20)6(p — p0) (2)
and 2r 1
I(0, —p,0) = /0 /0 R(p' s i, @', o) (10, 1, " ) dpi' dp’ (3)

for p € (0,1] and ¢ € [0, 27].

As we wish to include the possibility that there could be some phenomenon (e.g. rows of
plants, or ocean waves) related to the ground that introduces a special direction into the problem,
we make no assumptions regarding the symmetry of the function R(y', s, ¢’, ) that describes the
reflection of radiation from some direction defined by the variables (4', '), with p' € (0,1] and
¢’ € [0,27], to another direction defined by the variables (—p, ), with € (0,1] and ¢ € [0, 27].
We then develop[2], for a general model of ground reflectance, a complete formulation for all of
the component problems related to a Fourier decomposition of the radiation intensity, that is
independent of the solution technique to be used.

In contrast to simpler problems, the intensity for this problem has both sine and cosine com-
ponents that are coupled by way of the boundary conditions at the ground.
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