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Effect of the Scattered Light on Underwater Irradiance

Kichiichiro Kawana*

Abstract

Underwater irradiances were measured in situ by a specially designed irradi-
ance meter and compared with theoretical results.

The meter is able to measure the spectral irradiance distribution, which is
separated every about 30 mu interval in visible light region by interference filters.
Desaturation of the band because of a Irge angle of incidence is avoided by a
collimating tube placed between the filter and an irradiance plate, which limits
the angle of incidence on the filter to 6°. An opal glass is attached in front of
the irradiance plate so as to collect the light flux in accordance with cosine law.

An error in measurement of the downward irradiance remains less than a few
percents, however in the case of upward measurement the error increases to almost
15% due to the surface of the glass, because it is not satisfactorily a perfect
diffusing one.

Measurements were carried out at Funka Bay (42°-04’N, 141°-09’E) and dis-
tributions of spectral irradiance were obtained. The maximum transmittance in
the distribution appeared near 500 myu in every water depth and the light longer
than 600 my decreased rapidly in the surface layer. The optical characteristics of
this water may be regarded as a typical coastal watr ranked seventh type accord-
ing to Jerlov’s classification which was made by means of spectral transmittances
of downward -irradiance.

With a simple model considering the second-order scattering, the pattern of the
downward irradiance was theoretically obtained. In this calculation the volume
attenuation coefficient and the volume scattering function were assumed as a
constant from the surface layer to the deep layer.

The theoretical values were not necessarily the same with the measured
values, and the difference in both values had a tendency to increase with depth.
It will be necessary to consider multiple scattering more than the second-order,
because the scattering phenomena in the sea are very complicated.
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Fig. 1. Sectional diagram of the irradiance meter.
1. opal glass; 2. window of watertight enclosure; 3. apparatus for exchanging neutral
filters; 4. collimating tube; 5. motor and gear system; 6. micro-switch; 7. apparatus
for exchanging interference filters; 8. signal system; 9. photomultiplier tube; 10.
resistores of photomultiplier tube; 11. silicagle; 12. captire
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Fig. 2. Characteristic curves of wavelength for the interference filter used in the irrad-
iance meter.
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Fig. 3. Relative collector response versus angle of incidence for collector. The solid

curve is a plot of cosine ¢ versus 9; i,e, the response perfect cosine collector. The solid
circles are the relative measured response of the collector.
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Fig. 4. Vertical distribution of downward irradiance in percent of surface irradiance, the
numerical values in the figure show the wavelength in mgu.
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Fig. 5. Vertical distribution of upward irradiance in percent of surface irradiance, the
numerical values in the figure show the wavelength in mu.
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Fig. 6. Volume scattering function and total scattering coefficient for sampled water at
0 m, for peak wavelength 435 mu and 546 mu. Solid circles show the measured values,
solid lines indicate the calculated values.
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Fig. 7. Vertical distribution of temperature (solid line) and the scattering coefficient for
peak wavelength 436 my (solid circles) and 546 mu (open circles).
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Fig. 8. Schematic diagram showing the irradiance up to the second-order scattering.
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Fig. 9. Comparison of the measured irradiance for peak wavelength 436 mu with calculated
each order scattering and total irradiance.

PERCENTAG OF S|URFACE IRRA%IANCE

-3 -2 - I 2
0 10 | Q 10 — 10
L4 }E" ;4 fi
= 10
ot
DIRECT, i % S
FIRSTT [SCA e s e it 203
\ //:::/%/;:::::/ I
/’%4/ I = el 30
| LA | SECOND [stA 40
= | || lL=T | fremak BEAM | ATTENUATION
— L= LAY 4 50
= B
= SGATTERING o
546 0165/ 546y
/ﬁﬁwANJg
70
I m

Fig, 10. Comparison of the measured irradiance for peak wavelength 546 mu with calculat-
ed each order scattering and total irradiance.
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