Lecture 2

Basic definitions of light, IOPS, measurement theory and application

Andrew Barnard, Oregon State University



The fate of a photon
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Adapted from Boss et al. (2004)

Not only particles, but also seawater scatters and absorbs light

Benedetto Barone (C-MORE, UH) Bio-optics in oceanography 3 June 2013 5138




Inherent Optical Properties (I0OPs)

Inherent Optical Properties: their magnitude does not depend on the
direction of light, but only on the substances comprising the aquatic medium

@ absorption coefficient, a
@ scattering coefficient, b

@ beam attenuation coefficient,c=a+ b



Before measuring 10Ps it is

helpful to review measurement theory

Consider a thin slab of material
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What is thin?

* each photon has probability for one opticz
event (transmitted or scattered or
absorbed, not scattered then absorbed)

* no eventisshaded (e.g., one layer of
absorbing molecules)
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|OP Theory

D ﬁﬁ@

(o) t
Incident Transmitted
Radiant Radiant
Power Power

If D, < D, there is attenuation



Consider loss due solely to absorption
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Consider loss due solely to scattering
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Consider loss due to beam attenuation
(absorption + scattering)
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Conservation of Radiant Power
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Derivation of Absorption

Absorptance b
A = fraction of incident A

radiant power absorbed (DO
: CI)o s cI)t
If no scattering —
o,
Absorption A
a = absorptance per uni D d = E
distance (m-1) S
®s “ AD
Rearrange, express as aAx = ——
fractional radiant power ()
loss to absorption in the
layer ’ —AD — da
Ax

Think about this equation:
the fractional loss of radiant power over the layer is
Ax linearly related to the radiant power = “Lambert 1760”
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Derivation of Absorption

A —AD
dax = ———
)
. —AD
Take the limit as A=>0 aAx = lim ——
Ax—0 O
(I)a
Integrate over x » %
dd
O D, j ddr=—] —
0 0 o
Evaluate q X |6c - _lnq)lac

a(x—0) =—(nd(x) —Ind(0))

Ax



Derivation of Absorption

a(x—0) =—(Ind(x) —InP(0))

Evaluate ax =—(Ind; —Ind,)
. . = —(1 D
Logarithm magic =—(Ing= D,
Solve for a . (m™1) (l
dalm = ==
D, D, q"’

Absorption coefficient (m)
= loss of radiant power
per unit distance

This provides a guide towards
developing sensors and making
o measurements (practicum)




Example of absorption spectra for
three environments

0.8

* What do they have in -
common? B

 All have strong red
absorption

* How do they differ?

e Variable blue
absorption Wavelength (nm)

a(2) (m?)




Light absorption

Absorption by different components

1
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Reproduced from Nelson & Siegel, 2012 (data from the surface of global ocean)
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Different components
contribute to absorption:
@ Water: red-green
@ Phytoplankton: blue-green
@ CDOM: low wavelengths
@ Detritus: low wavelengths
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Absorption is a conservative property

* Total absorption = sum of individual absorbing
constituents

Atotal = Awater T Z Adissolved T z Aparticles

* Absorption is proportional to the concentration

(Beer’s Law)
2

acy(m™1) = Chl]( )X achl(m_g)
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Absorbing Components:
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Absorbing Components:
Water

2
10° g
15}
1071
B 2
£ 10
|
2
® 10°3 : g i ;
400 500 600 700
0.5}
350 400 450 500 550 600 650 700 750
Wavelength (nm)
R. M. Pope and E. S. Fry 1997 Nice (but dated) compendium at

Integrating cavity absorption meter http://omlc.org/spectra/water/abs/index.html



Absorbing Components:
Water
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Absorbing Components:
Water
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Chromophoric Dissolved Organic Matter

CDOM is the most important component regulating light absorption

@ Main Source: microbial degradation of organic matter
@ Main Sink: photobleaching
@ Molecular structure: uncertain
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Absorption coefficient (gilvin) {m~!}

Absorbing Components:
Colored dissolved organic matter (CDOM)

Fig. 3.5. Absorption spectra of soluble yellow material (gilvin) in
various Australian natural waters (from Kirk, 19766). The lowest curve
(Batemans Bay, NSW) is for coastal sea water near the mouth of a
river; the next curve (Clyde River, NSW) is for an estuary; the
remainder arc for inland water bodies in the southern tablelands of
New South Wales/Australian Capital Territory. The ordinate scale
corresponds to the true in sitz absorption coefficient due to gilvin,
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Absorbing Components:
Colored dissolved organic matter (CDOM)
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Absorbing Components:

Phytoplankton

Species
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Absorbing Components:
Non-algal particles 2 what are they?
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To model the impacts of absorbing constituents

- adgl them up
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Absorption summary
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Derivation of beam Attenuation

Attenuance d
: " a+b
C = fraction of incident = o
radiant power attenuated o
CI)o o (Dt
If no scattering —
D,
Attenuation d C
¢ = attenuance per unit a £ =
distance (m1) ) ax
: A - TAP
eaxy ————
@, @, B
..fill in steps...
Solve for c s q)
c(m ) =— (ln

D

Attenuation coefficient (m)
¢ = loss of radiant power per
unit distance



Single wavelength beam attenuation and
biogeochemistry:

Found to correlate well with:

* Total suspended mass

‘Particulate organic carbon

‘Particulate volume

‘Phytoplankton pigments in areas where light MLD is
stable and light relatively constant.



Theoretical beam A’r’r?enua’rion:
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¢, is sensitive to the wavelength of measurement:
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Good correlation with total particle volume, and particulate organic carbon.
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Questions?



