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COMPARISON OF LIGHT DISTRIBUTION ABOVE
AND BELOW WATER 1

BY
JOHN E. TYLER
Scripps Institution of Oceanography, University of California
La Jolla, California

ABSTRACT
Recent measurements of natural light distribution in homogeneous lake water
have revealed interesting and heretofore unrecorded optical effects in the near-surface
layers. These effects are graphically described and explained.

From 1935 to 1945, studies of the angular distribution of natural
light underwater revealed many interesting features of the underwater
light field (1, 2, 4, 5, 7, 8). Concurrently, instrumentation in this
field advanced with the development of the "shadowing-screen"
photometer, described by Pettersson (1) and by Johnson and Liljequist
(2), and of the Gershun (3) tube photometer, which directly limited
the solid angle of acceptance. However, the work was performed at
depths below five meters, and the instruments were limited to a low
resolving power (15 to 20°). Consequently, no information was
obtained on the distribution of light in the near-surface layers.
It is clear that, from a point just below the calm surface of a large
body of water, the directional distribution of natural light overhead
will be a compressed version of the scene above the surface. This is in
keeping with Snell's law of refraction. As the depth of observation is
increased, the light field will change from this complex structure; image
detail will be lost and the shape of the radiance distribution solid will
become smooth; with increasing depth the brightest spot in the field
will move toward the zenith and the shape of the radiance distribution
solid will become more symmetrical around the vertical axis. Finally,
at some unknown depth, the radiance distribution solid becomes substantially fixed in shape.
Because of the exponential nature of the attenuation of light in
water, these changes in light distribution will take place most rapidly
in the surface layers. Thus the upper layers are at once the most
interesting, the most complex, and the most difficult to explore.
1
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Figure I

During recent field work at Lake Pend Oreille, Idaho, details of some
of the optical effects that occur in these upper layers were explored with
an underwater photometer having a resolving power of 6.6°; this
underwater photometer was first described in 1955 (6). Measurements
of the radiance distribution in a single vertical plane were made on an
overcast day, i first in air and then from different depths beneath the
surface. The fully corrected data are shown in Fig. 1.
2 The sun was not visible.
Its position was approximately 45° west of the instrument heading and at an altitude of 61.0°.
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Curve A shows results of observations taken in air. From 0 = 0°
to 0 = 74° the curve reports the radiance of the overcast sky; at 0 = 74°
the dark mountainous skyline is recorded, and this is followed by detail
representing patches of dark rock or snow. From 0 = 90° to 0 = 102°
the reflection of the mountains is recorded and this is then followed
by reflection of the sky disturbed by slight wave action. At 162° the
instrument's own shadow image is recorded.
Curve B shows the radiance distribution in the same direction as that
in curve A but from a depth of 2.5 cm below the water surface. In the
zenith direction, B shows higher radiance than A because the space
light contributed by 2.5 cm of water is greater than the absorption of
this same path. (It is also possible that some change took place in
the zenith overcast during the short time interval between curves A
and B.) Optical compression of the sky tends to keep the radiance
at a high level for the first 40°. The skyline itself is very much compressed and can no longer be resolved, but the edge of the Snell circle
of light appears sharp and distinct at 48°. Beyond 48° the instrument
measures the radiance of the short path to the surface plus a longer
reflected path that looks down into the water at an angle equal to
(180° - 0). This accounts for the changes in slope of the curve between 48 and 88°. Beyond 88° the path radiance is due entirely to
space light from one direction only, which decreases steadily as the tilt
angle increases to 180°.
Curve C shows the radiance distribution in the same direction as
curves A and B but from a depth of 3.05 m. Some detail can still be
observed. The steep slope between 40 and 48° is the remaining
radiance change at the edge of the Snell circle of light. The dark band
at 60° exhibited in B is nearly obscured by space light; in C, between
50 and 80°, it can just be seen together with its brighter rim.
Curve D shows the radiance distribution in the same direction as the
other curves but from a depth of 6.1 m. At this depth all fine detail
is lost, leaving only the gross changes in radiance between zenith and
nadir settings.
Between 90 and 180° the underwater curves for various depths can
be approximately predicted from the equation
Nv = No e-cv,

where Nv is the radiance at depth D, No is the radiance at depth 0
and C = f (0). Below 6.1 m the coefficient C tends to become independent of 0, approaching an asymptotic value which is characteristic
of the hydrosol.
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