























Fig. 9 Components of the .

radiative transfer model \

direct downwelling
irradiance, E;"

| 4

'\f\_/i\_/vvv\_f\_-

81

diffuse downwelling

irradiance, EJ*
L, (z=-h..i
i\ b

== z=-h i

= e

A1

3 \ b
10 WATER £ 07y =E,0"Tta—w); Ll
: 2 (R.) L(O)= 0
transmitted direct and diffuse (\/ 4 / e
downwelling irradiance LB B I tCEa
distribution L
function, D % bottom reflectance (A)
fa s SN n ey N n . g S Wy Sy W ee S Wy N

spectral camera, L,, for a given wavelength, 4, is written
as:
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in which h, is the height of the camera above the sea
surface and E4(0") is the total downwelling irradiance,
attenuated by the atmosphere, just above the ocean
surface (Fig. 9). E/f0+) is given by E,;(0%)=

(cos OsaF, ()4 T-u)/ where F,(i) is extraterrestrial irradi-
ance corrected for earth—sun distance and orbital ec-
centricity (Gregg and Carder 1990) and f'is the fraction
of total downwelling light due to the direct component,
i.e. the ratio of irradiance due to sunlight to irradiance
of sunlight plus skylight. 47 ,. the atmospheric trans-
mission for the height of the atmosphere (from the ocean
surface to space), involves the exponent of optical ex-
tinction coefficients, 75, T'r. and 7', for aerosol,
Rayleigh, and ozone scattering and absorption in the

. T, + T + 1)
atmosphere, respectively. Agp= exp"[ AR 0.] /

cos g, where 0, is the incident, zenith sun angle (sa=
sun in air).

H is path radiance due to scattering by particles in the
atmosphere between the ocean surface and the airplane.
A7 . is the atmospheric transmittance back to the cam-
era. With optical extinction coefficients for the distance
from the ocean surface to the altitude of the airplane

T
0 to h,), Ar..= exp_[u Pl = &]/0056%[: where 0., is
the transmitted, zenith bottom-reflectance angle
(ca=camera path in air).

T(a — w) is the transmission coefficient for!downwel-

ling irradiance across the air-water interface. == is

w

the transmission coeflicient for upwelling radiance across
the water—air interface, and 0, is the incident, zenith
bottom-reflectance angle (cw = camera path in water). Qis
a conversion factor for irradiance to radiance, which for
our calculations can be taken to have the value m, and n,,. is
the index of refraction for water.

Equation (A3) can be written in the simplified form

Ly = Lyexp # +L, (Ad)

if L, the radiance measured at the multi-spectral de-
tector, is defined as

Ly= ((Wiim)‘”)/co

where Cy = Mw L, is the bottom-type radi-

ance; L, is the radiance of the water column; and g is
defined as the product of the water-attenuation coeffi-
cient, x, and the distribution function, D, given by
g=kD.

(A5)
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