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Summary

A Monte Carlo based model for radiative transfer

simulations in sea water is infroduced o study
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Single Beam Model

underwater light fluctuations due to surface waves
The effects of typical ocean waves and a realistic

seq surface are discussed - a comparison with

measurements shows in principle good agreement

Shorter surface waves (< 10m) provide partly

[m]

Water Depth z

extreme light fluctuations in the upper ocean layer
Larger waves determine the variability of radiation
fluxes beneath this fop layer with possible impact

down to 100m water depth

Light Fields below Single Waves

Fropagation of one singe light beam (6= 0", ¢ = 07)

Complete E  picture (8= 0° a = 30°,

10% diffus skylight) ¢
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Light at 490 nm (I )
Homogeneous particle
content Chl
Absorption and particle
scafftering considered
Exact spatial allocation of
direct and diffuse down-
welling irradiance Ed
sSuperposition of single
iIndependent Eq pattern
10% diffuse sky radiation
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* Nonlinear wave shape (according to Stokes |V theory) 5 ool
* All wave classes cause characteristic Ea variabllity along °

Wind Sea: Hw = 1.5 m, TW = 55,

the water column — even 8s-swell waves have some effect «
* The larger the wave, the deeper is its region of influence

Light Field below an Irregular Wave Train
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wind Speed: v, = 11 m/s,

=un Zenith: 8 = 0°,

Grid Besolution: dx = 0.01 m
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Light Field Fluctuation Statistics

hMagnitude of E  Fluctuations
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 Well-defined radiative
enhancements and
fluctuation character-
Istics at single waves

In theory “light flashes”
can (shortfly) appear
even in 60m depth
Evidently fluctuations
due to long waves
below 40m of depth
Light field beneath an
Iregular wave frain is
determined by all par-
ticipating single waves
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Measured Data vs.  Simulation with the [rregular Wave Train
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rotggom o High-resolution wave

profile with respect 1o
A seq stafe spectrum
(Hs = 2.5m, To = 6.4s)

 Smear over of explicit

light fields with partly
sfrong enhancements

 Direct wind influence

on Eaq variabllity only up
to approx. 10m depth
— deeper fluctuations
are governed by
Major gravity waves

Comparison of model
with measurement data
for similar conditions
Principle match of aver-
aged observations and
model mean values
Simulations indicate the
existence of even more
pronounced extreme
values of Ed

Blue curves: Model con-
sideration of the sensor's
extended sampling time
with depth
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