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We present a numerical method for the evaluation of higher-order characteristics of optical
fields scattered and emitted from the ocean surface that is specified by a full gravity-capillary
wave spectrum. The method automatically handles shadowing effects presenting on the
surface, and enables us to study these optical characteristics in most of current computers.
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Fig.1. Comparison of the along-wind correlation

function for the surface displacement, as calculated
using a set of generated surfaces (solid line), and the
original correlation function for the JONSWAP wave
spectrum (dotted line), under the conditions of wind
velocity 8.7 m/s, wind fetch 40 km, and water depth
50 m.

Fig. 2.
multiple scattering presenting on a random water
surface.
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Fig. 3. Contour plots of the effective reflectivities of 1st and 2nd orders for
the JONSWAP wave surface: (a) w” as calculated by the present method,
(b) w™ as calculated using Eq. (2.40) in Ref. 6), and (c) w*® as calculated by

the present method. The viewing vector ¢ and the incident vector &  are
specified by the viewing angle ¢, the incident angle x, and horizontal angle «,
which are defined as follows: 6=(—sing,0,cos¢), and 3'=(—cosesinx,singa,
cosacosx). The viewing angle is 80°. The wind/water conditions are the same
as those in Fig. 1, and the wind direction is along the x-axis.
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Table 1. Percentages of number of rays correspond-
ing to lowest orders of scattering. The 3rd+ includes
all orders more than 3rd order.

Viewing angle: ¢ [deg] Ist 2nd 3rd+
70 93.2 6.2 0.6
80 93.9 5.6 0.5
85 96.9 2.9 0.2
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