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Overview

« Elastic Scattering: The light changes direction, but not
wavelength (“elastic” means energy is conserved at
the incident wavelength)

 Inelastic Scattering: The light changes both direction
and wavelength (energy disappears at the incident




Why Is Scattering Important?

The world with scattering The world without scattering




Models for Elastic Scattering

First look at data and models for individual components

« water
 phytoplankton (algae)
« CDOM (negligible scattering)
* NAP
« CPOM (colored particulate organic matter,




The VSF and the Scattering Phase Function

ﬁ = §N) Bi VSFs are additive

_ _ phase functions must be weighted
B= X (b/b)B;. by the fraction of component
scattering

Ei is a phase function representative of the i " component

b./b = fraction of total scattering by patrticle type i
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Scattering Models
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Models for Scattering by Phytoplankton and NAP

A power law gives a better fit to beam attenuation than to scattering

C, (1) = Cp(ﬂ’o)(%j , Bosset al. 2001

sogetbfromc-a

j i a smoothly

Dy (A) =Cppp (A,)| — | —ayup(4)  varying function
A of wavelength
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Backscattering ratio (%)
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n Fig. 3. Effect of the imaginary part of the refractive index n' on
the backscattering ratio by,.

Fig. 2. Effect of the real part of the refractive index n oh

backscatterimg ratio by,




GOCo9A

] n 0
450 500 550 a0o 450 500 550 a00 450 500 550 600

0 1 0
450 500 550 A00 450 500 550 400 450 500 550 &00
Wavelength [mm) Wawelength [rum] Waveength [nm)

Fig. & Mean particulate backscattering ratio spectra for individual data sets, with one
standard deviation shown for each data point. The spectra are as follows: GOCS%A (top,
left), MOWCE-5S (top, middle), HWCODE 2000 (top, right), Crater Lake 2001 (bottom, 1eft),
HyCODE 2001 (bottom, middle), and the mean of all of the data sets (bottom, right).




Models for Backscattering by Phytoplankton and NAP

Mie theory shows that particle backscattering has the same spectral
shape as scattering (approximately true for nonspherical,
iInhomogeneous particles)

0,,(4) =

Cp (ﬂ’o) (

g

i
A

(0]

] —a (4) |, Roesler and Boss 2003
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Models for Backscattering by Phytoplankton and NAP

Various people have published simple models for B, as a function of
Chl, e.g.

B, = 0.01[0.78 - 0.42 log,,Chl]  (Ulloa, et al, 1994)
B, = 0.0096 Chl 9-2>3  (Twardowski et al., JGR, 2001, Case 1 water)
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Chlorophyll a [pgl!]




Why Is Scattering NOT
Well Parameterized by Chl?

« Many particles other
than phytoplankton
scatter light

« Scattering depends
on the particle size
distribution

« Scattering (especially
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Scattering as a Function of Chl
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Models for Inelastic Scattering

 Raman scattering by water: the electric field of a
passing photon excites (gives up energy to) rotational
and vibrational modes of the water molecule. The
Incident photon then continues onward with less
energy (a longer wavelength); time scale ~ 1016 sec

« Chlorophyll fluorescence: a photon is absorbed by the
Chl molecule, which later emits a new photon; time
scale ~ 108-10 sec




Raman Scattering

Need 3 things to describe Raman scattering:

 How much light is scattered? The Raman scattering
coefficient bR(A\) [1/m]
* What is the angular distribution of the scattered light?

The Raman phase function BR(y) [1/sr]

« What wavelengths A receive the light scattered from A'?
- : oy




Raman Scattering: bR(\) and BR(w)

The scattering coefficient is

bR(N) = (2.4x10* 1/m) (488/\')477
(Warning: the wavelength dependence depends on whether you write bR for
incident or final wavelength, or for energy or quantum units; see Desiderio 2000,

Appl. Optics 39(2), 1893-1894.)




excitation function far emjssion functionfar
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Chlorophyll Fluorescence
The same general form:
BS(z, A, A, w) = bC(z, \') f €(X; A) BS(w) [1/(m nm sr)]

where

bS(z, N') = Chl(z) a,*(\') [mg/m3x m?/mg = 1/m]




Chlorophyll Fluorescence
f SN, A) = DE(N') (N1 A) gS(N') hS(A) [1/nm]

®(N') = the quantum efficiency or quantum yield
= (the number of photons emitted at all A) /
(the number of photons absorbed at A*)
N/ A converts quantum units (# photons) to energy units

1 if 370 < A’ < 690 nm,

g = {

0 otherwise.
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Fig. 5.11. Example of the spectral fluorescence quantum efficiency function
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Fig. 5.9. Response of a water sample from the North Sea to excitation at three
different wavelengths, 4. The symbol A* identifies the Raman band, A*
fluorescence by yellow matter, and A° fluorescence by chlorophyll. [redrawn
from Diebel-Langohr, et al. (1986). by permission]




As You Will Soon Learn...

HydroLight has many built-in models like these (and
models for absorption by various water constituents)

You can easily use these IOP models to define the
Inputs needed by HydroLight to compute the radiance
distribution...




Never Forget ...

|OPs are extremely variable, even for a particular component like
phytoplankton or mineral particles. There is no “phytoplankton
absorption or scattering spectrum.” Every phytoplankton species,
and every nutrient condition and light adaptation condition for a
given species, has different absorption and scattering spectra.
The same is true for minerals, CDOM, etc.

This variability makes it extremely hard to model IOPs, and
extremely hard to know what IOPs to use as input to HydroLight,
unless you measured them (which is impossible to do for every
situation). Models are always approximate. They can be good




Never Forget ...
When using any model for IOPs, think about:

 What data were used to develop the model?

» Global relationships are not appropriate regionally

« Regional models are not valid elsewhere (e.g., a model
based on North Atlantic data can’t be applied to the south
Pacific)

* Models based on near-surface data cannot be applied at
depth

« Models based on open-ocean data cannot be applied to
coastal waters




There are No Perfect IOP Models,
but There Is a Perfect BUIldlng
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