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http://www.oceanopticsbook.info/view/radiative_transf
er_theory/radiative_transfer_equations

_I Inherent Optical Properties I—

absorption coef volume scattering function
I ()
total scattering coef backscatter coef

h—/ () d ) bl;=/ F(yr) dS2y)
S S 2

] — T~

Boundary Conditions

sky radiance L., (0. ¢) |

sea state

bottomn BRDE(0, ¢ — u_u:l

/ | o
cdz

beam attenuation single scattering scattering phase boundary internal
coef = albedo function L . .
c=a+b w, = bc Bw) = A1) /b conditions sources S(f7, &)
ore
Radiative Transfer Equation

=—=L(#.¢)+w, / -}(H’. & — B.¢) L(H’.('}’
Jdmw

}ff!!(_ﬁ”. &)+ S(0.a)

el Radiometric Variables

A 4
radiance distribution

L(2.0,0,\)

y ) 1) v

4

downwelling downwelling upwelling upwelling
scalar irrad plane irrad plane irrad scalar irrad

;-,:.‘.—[ Lo f-.'..—[ Llp| d2 f-:..=[ Llp| d$2 !-'....—/ L df2
Jan, Jomy J2xu J27u

photosynthetically available
radiation

TO0

A
PAR = [ / L. o, A) —— dQ2dA
A Jdw hrl

/ Z AN

s p ~
downwelling irradiance upwelling
average cosine reflectance J average cosine
fla = hd;“"/ml = r‘;‘.,/f:‘d :' Hy = 1‘-“/1"‘1-"
remote sensing reflectance - - -
— i . e average cosine diffuse attenuation for PAR
R0, 00) = Ly (0. 0)/ Ey Fy— By « 0.9) 1 dPAR
) : =" B YV AT
Inormalized reflectance [p]';‘\?‘ |
h \;’ b
downwell plane irrad upwell plane irrad diffuse attenuation for
diffuse attenuation diffuse attenuajtion radiance | 1L(0. &)
;Y 1 E . a Lt o
Ky = —— 94 Ky = —— &2 Ku(0.0) = —g— —
Eq dz E, dz Lig.¢)  dz

: Apparent Optical Properties :




Bat AR TE
a4t # Q (Radiant Energy) ‘A5t ¥ %9, £ 4

AJ (&%)

(54 @ F P (Radiant Flux) :$4zat ) A&k g4 6§,
4 RAW (%, 1W=1J-s"1)

%8932 & I (Radiant Intensity) : s XA @A K 25 @ LE
Gz RGHHNET

do
dt

D = | =d®/dQ [W -sr ]




EEF i
% £ AL (Radiance) : s oL GRfo £ 4
2R AGEMET. £4[Wmssr!]
L(6, ¢) =d D /(dADQ2 cos 6)

#,7% 3% £ A L(A) (Spectral Radiance) : # 4z ik B
(RERHFRL) AT L zRfFfoliz 24
VESECE R &

L(1,0,¢) = dL (0, ) W -m™2-sr™. um™]

dA
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4% AE (Irradiance) : AFH G £ TR G454 HE
¥. £ [W . m?)

#,7% 4% 2 A E(A) (Spectral Irradiance) : 45 8 A 1n
HFHREREELGRTLH. £422[W . m2. ym-1]
— _f L(O, @) cos O £Q) = db [ di

27T z
— J'O d@joz L(O, @) cos @ sin OdO
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G FKEEHEF, XA B KALAHNGG LITHRREAE
(upwelling/upward irradiance) #e T i1 4% % A
(downwelling/downward irradiance)

d*®d,(z,4) (2~ z .
E, (2,2) =— 2= _jo dgpjozL(z,/l,e,go)cosesmede
d’®d,(z,1) (2~ z .
E,(z, ) = v _jo dgpjoz L(z,A,0,¢)cosOsinOdo



A K&
Energy from the Earth & Atmosphere Q
over time is

Flux ¢
\which strikes the detector area

Irradiance E
\, 2t a given wavelength interval
Monochromatic Irradiance E(A)
\overa solid angle on the Earth

Radiance observed by satellite radiometer L(A)
\uIs described by
The Planck function
\can be inverted to

Brightness temperature
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FFKEERT, XELT &K% % A(Water-Leaving
Radiance) L, (AO), bgdaTHa Lz 250 4% R
tiL,(1,07)

(n')*

XA FL, (L.0-) RA&GBTHE LisZA,

*AEE 077 AFATUFLTRKEAGATTAKL "0’ £F@ LR Ao
n’ RG-LRBARREGLE, LEARHE

(N’ VAMA G GEKINALHBEH AR ZART/LP L4580 T Mo
ck-ERBAMELE 2T EAMEGEL A L, =1-D

X PoRAAMAEANHAELE MG T K ARGOHLIFLAHE; ATNLLES
Kook B, p =~ 0.02, t=1-p =~ 0.98,

L (A,0) =
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FFKEERAT, £ T&&LH L (Remote-sensing
Reflectance) R.(40)

R (/1)2 va(ﬂ“) u;z:
s E (1,0

_ L, (1)
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CEBREATLA ETHE KLERNFE
% & & .37 &M HYPERSPECTRAL SURFACE ACQUISITION SYSTEM (HYPERSAS)
* HyperSAS ¥ % & A& An 69 AL id

K G HAT SR, AT ERTHRBE ZATHRR
S fE i BB T & bibAT 2

AR S g

%ﬁtij Jé/f ?—{Ul)‘l] ’ j("k‘&ﬁ ﬁﬁ g2, . 13% O - 600 30 (FOV 7,'7\? k}é
o & LENKE. L5 10% 60° - 85° )

* 136N B 1E 69 55 5T A AR IR
HRE, TRENZE YA

(350 — 800 Nm)

& AT = 2 A fer, e 9gWcm-2nm-1 | 0.5 W cm-2nm-1
e Jbsb, HyperSAST w4 ik it (ER=37¢ 1.6 X 104 1.6 X 104
GPS % & f=Satlanticifi 4+ F= 7 %39.9 (cm) %36.2 (cm)
AR, S PTIRAFE RS R # 426.0 (cm) H.426.0 (cm)
RIERAEATAA B S % % 1.0 (kg) % %1.0 (kq)

R ARG R AR R, | TR E: | -10t0 +50°C -10 to +50 °C
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L (4,0,,0
Es(ﬂ“1¢0190) =T p( ¢O 0)

Pp(4)
&K% BL A

L, (4,0,0) = Ly, (1,0,0)-rLy, (1,0,0)
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I a1 W2 Y
. )
® ;2 2% ﬁﬂ'bb 'J.E'_ ok K KICHE  350-2500 nm
\ v { AN
BRR M=y S FFE 3nm @ 700 nm

10 nM @ 1400/2100 M
LA 1.4 nm @ 350-1000 NM

1.1 NM (@ 1001-2500 M

SHRGIE 4 2151
RN B VNIR (350-1000 nm): 512 element silicon array

SWIR 1 (1001-1800 nm): Graded Index InGaAs

Photodiode, Two Stage TE Cooled

SWIR 2 (2801-2500 nm): Graded Index InGaAs
: Photodiode, Two Stage TE Cooled

ASD(AnaIyt_lca LA 5 R 1.5 m fiber optic (25°?‘ield of view). Optional

Spectra Devices., 3k narrower field of view fiber optics available.

Inc) 4y K3 5 #r T2 5.44 kg (22 Ibs)

AL FieldSpec 4 mEHE RATE. fBRE
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1% B R AT LR = 7 ik
Satlantic2 & Profiler IBEZEAIU/K T e mY

o Profiler 17T & B & ZAR X 69 /K &3 & W%,&T
i3 — 4 5 XN 09 F B A B KT & K E

M| = (HyperTSRB),
°Tﬂﬁ%%%%ﬁ'%*%ﬁg\%ﬂ&%%~

Conductivity
And Temperature
Probes

AT E. ARSI T IRRA KT .
« B HAXNER SR Cor ——
Profiler 1169 5% X 4k 3 2 7T w43z 8 As k54 B i % s
42]& iifgll @ /ﬁ!]] E‘% Igi)"’iﬁ 7 ﬂ\? /M& F};J éﬁ ’T—;I}}L o ronprﬁ;‘:’a::‘:u":h"::' Detachable
M&Mmméﬁﬁ%@mﬁﬁﬂﬁﬁmz,%@ AT RS
5 B U T i A ——

o JKE R A X Pressure...

Mﬁmm%%TaLLL%fA%ﬁiW%w
B ZE g Y 7K g WL B, PR 52 B UL A Upwellng

Irradiance

Sensor (Eu) Ballast Weights
(HyperOCR) {inside coupler)




® % B R AT LA = ik
Satlantic2 & Profiler IBEZEAIU/K T e mY

HyperOCR ICSW (as Ed) 0 0.786m
Conductivity
And Temperature
Probes HyperOCR ICSW (as Lu) 0.316 0
Nivemng HyperOCR ICSW (as Eu if in 1.068 m 0
ioiaglL 0 profiler mode —
oot RECOMMENDED)
ot sudie Detachable HyperOCR ICSW (as Euifin ~ 0.200m 0.470 m
e surface mode as reference —
F&?;’:h“ NOT RECOMMENDED)
b HyperOCR ROSW 0.316m 0
HyperOCR RO8W (if Eu 0.200 m 0
i present in surface mode as
Sensor (Eu) Ballast Weights reference)

(HyperOCR) {inside coupler)
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http://www.oceanopticsbook.info/view/light_and_radiometry/visualizing_radiances
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Mechanical Parameters
Size 79 x 10.4 em diameter

Weight (1n air) 5.9kg

-— : -
‘ﬂ )]iﬁn ﬁ (in water) 0.8 kg
Electrical Parameters
/}5Q %‘ ﬁ éﬁ Input 10-35 VDC

IV

Current draw 0.83 Amps (@ 12 V nominal
;’)1‘] = Serial output RS-232. -422, or -485
Connector MCBH6M
Sample rate 4 scans/sec.. nominal
® acC-S Environmental Parameters
Temperature range 0-30deg C
Rated depth 500 m
Optical Parameters
Spectral range 400-730 nm
Band pass 15 nm/channel
Pathlength 25 c¢m (10 em available)
Beam cross-section 8 mm dia. (nominal)
Linearity > 99% R*
Output wavelengths 80-90
Resolution 4 nm
Precision (450-750nm)  +/.0.001 m' t}fp 0.003 max @ 4 Hz

+/-0.0005 m h'p 0.0015 max @ 1 Hz
Precision (400449 nm)  +/.0.005 m ! typ.. 0.0012 max @ 4 Hz
-1 T
+/-0.003 m typ.. 0.006 max (@ 1 Hz

Accuracy +/-0.01 m'l
Dynamic range 0.001-10 m™
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@ ﬁ 7‘6%‘;‘4‘ ‘ 0—:1:- (a) | 0.0006

_ 0.0004
B e R A AR = T - o.0002
> 0.0054 ___ s 7 il -

T

400 450 500 550 600 650 700 750
wavelength (nm)

atcorr(}\) — ameas()\) - (TL o Trmrm) :;r:\];rT()\)p 0.00067 [To . (wadowsk) & o (wardowsk)

* ac-S T 251
/ iﬁ&ﬁaﬁ&ﬁl o T -0.000

O a(Pegau) B (Pegau)
s .‘.“ 0.00041 a (this study) ----- ¢ (this study)
CtCDI‘I‘(h) - Cmeas(h) - (TL - Trmrm) WT()\)a = o
£ o.00025
9(? o ] o
[ ] o
— - S r e —— g o /‘_'?.,\‘—O
ascnrr(}\) o ameas()\) Si > 0 o

LN T SCETE
Csmrr()\) — Cmeas(}\) . S; \FS?C(A)! -0.0002+ .

400 450 500 550 600 650 700 750
wavelength (nm)

Sullivan et al., 2006, AO

¥Yg (m187)
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|2 I~ T B A =
R KB, 2 o &
3. Scattering correct the absorption spectra
a. Subtract a_ (NIR)

“b not a function of ..”
spectrophotometric approach

® acC-S
15
v HBHRIE
0 . : : . . \.‘“‘\__
Stramski and Babin 2002 400 450 500 550 600 650 700

Wavelength (nm)

750
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3. Scattering correct the absorption spectra
b. Subtract spectral scattering contribution, fraction of b(.)
° ac-s b(L) =c(rh)—all)
v I S if a(NIR) =0 signal is due to scattering
MR fb()) =a(NIR)/b(NIR)

2conlM) =3 (1) - (fo(1) * b(2))

Roesler and Zaneveld 1993 400 450 500 550 600 650 700 750
Wavelenath (nm)
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Table 1. Collimated commercial beam transmissometers whose measurements we compare in this study. For the ac

¢ ac-5 meters we only display information for the wavelength used here. For reference the common Sea Tech
2 % transmissometer had an acceptance angle of 1.03" [4], a 660nm wavelength and a pathlength of 25cm.
/ﬁk % éi;ﬂl] A t Angl Wavelenetl B
. » cceptance Angle avelencth eam
A= 4 : ac . = c o .= )
2 ‘:F %&L}i Instrument Manufacturer (degrees, in-water) Pathlength (bandwidth) | Diameter
C-STAR-10 WETLabs 1.2 10cm 650 (20)nm 15mm
% o‘i’/ C-STAR-25 WETLabs 1.2 25cm 650 (20)nm 15mm
AC-9-10 WETLabs 0.93 10cm 676 (10)nm Smm
AC-9-25 WETLabs 0.93 25cm 676 (10)nm gmm
AC-§8-25 WETLabs 0.93 25¢cm 650(15)nm Smm
LISST-100-B Sequoia 0.0269° Scm 670 (0.1)nm 6mm
Scientific
LISST-100X-B Sequoia 0.0269° Sem 670 (0.1)nm 6mm
Scientific
LISST-100X- f&.gqugm 0.006° 5cm 670 (0.1)nm 6mm
Floc Scientific

Boss et al., 2009, OE



Table 1. Collimated commercial beam transmissometers whose measurements we compare
meters we only display information for the wavelength used here. For reference the «
transmissometer had an acceptance angle of 1.03° [4], a 660nm wavelength and a pa

~ « T ow

Instrument Manufacturer Ac;.eptc}na::e A_ngle Pathlength Way

(degrees, in-water) (ban

C-STAR-10 WETLabs 1.2 10cm 650

C-STAR-25 WETLabs 1.2 25cm 650

AC-9-10 WETLabs 0.93 10cm 676

AC-9-25 WETLabs 0.93 25cm 676

AC-5-25 WETLabs 0.93 25¢cm 6500

LISST-100-B Sequoia 0.0269° 5cm 670 ¢
Scientific

LISST-100X-B Sequola 0.0269° Sem 670 |
Scientific

LISST-100X- Sequoia 0.006° Scm 670 1
Floc Scientific
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Automated shipboard flow-through
method, calibration-independent

R e
2 6

Ty~

Slade et al., 2010



Bl A AF R

BN e R A AR =

B %

o BLE I Ao AT

c ZENB (. AE. ATFR. HE&. BEHEN)
o« B R HFR AL

o REKIE

« ERALE. NBEHEK




121757\:

0.006 to 0.013 nm”-1 (Roesler et al. 1989; Babin et al. 2003)

anap(A = ay. ”=|[-1~L[]]|

kﬁA%ﬂ&

p—INAR (A — 440)

a,, s (M)
o
[e]

315« /ﬁ—#ﬁ%%ﬁ 7%4%
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http://www.oceanopticsbook.info/view/absorption/
absorption by oceanic constituents

0.012 to 0.022 nm-1

(Roesler et al. 1989; Babin et al. 2003)
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Interactions between energy and matter
>R

molecular
vibration

Photo-ionization Vﬁ%ﬁf(ﬂ‘,
ﬁﬁl ‘% ‘%‘ Electron

e Mkt % @ transition NN
Nuclear | éy\ % ZL; i\—;—@
configuration — P
molecular

.

Visible light e
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oty roys Keays UL TRAVOUET U, ol Infrared
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Increasing wavelength >



The absorption of light relates to electron excitation states

Jhigher excited state
R AL
FHHI G RE
BEABVERFTARE D5 £ owestexsitedstate
c © =
E? _%4’? }ﬂ LL % E
n-l" é’j’(% ﬂ;]i '3 7’6% E E fluorescence
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é -ﬁ a -900
o
9427'6&5;}’ Chlorophyll Ground State Emission
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http://plantphys.info/plant_physiology/light.shtml
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The photosynthetic pigments absorb much of the spectrum

One Photosystem
chlorophyll b

chlorophyll a'

‘ R-carotene

lycopene

Absorption

Reaction Center
P680 or P700

50(}
Wavelength (nm)

lutein »} 3% % Zeaxanthin £ K ¥ /& carotene #4¥ | % lycopene& it L%
http://plantphys.info/plant_physiology/light.shtml
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Volume Scattering Function (VSF)

B(0, ¢) = power per unit steradian emanating from a
ﬁ%’ﬁg J volume 1lluminated by irradiance

18}
150 180
Fig. 1.5 The geometrscal relations underlying the volume scaticring B(B,q}} — ]_ E_'J(I}
fumetion. (a) A parallel light beam of irradiansce £ and eross-sectional aren
d4 passes through a thin layer of mediom, thickness de. The illuminated "
D, 3130

elerment ol volwmee is & . d i) is the radiant inl!-:nsil}-‘du: I;::l-l:iglﬂ scaltered

at angle 8. (&) The point at which the light beam passes through the thin

layer of medium can be imagined as being ai the centre of a sphere of wnit — . —

radius. The light scattered between # and @+ A# illuminates a circular b — j B( e ¢}) ol) W/ Ilﬂt 15 O !‘_}F
sirip, radius sin & and width A&, around the surface of the sphere. The area 47 ) "

of the strnip 15 Zv &in #A8 whach 15 eguivalent to the solid angle (in
steradians) corresponding 1o the angular interval A6

b = [247B(0,b) sind 36 d¢




Calculate Scattering, b, from the
volume scattering function

If there 1s azimuthal symmetry

b= J4: B(6,0) 5Q

s (m ' srh

b =21 [ B(6,) sinf 36
by = 27t [*2B(6,0) sin6 36
0

by =27 [* B(0.,0) sind 30
y

Phase function: Btﬁ,d)) = B(6.0)/b

These are spectral!



Rayleigh

scattering

Mie Scattering,

small particle

Mie Scattering,
large particle

b B Rk

23 3%

X FahA

«
H
s

R B N

4 ° B4 B3N

R

N
|
-
SN
N’
>)




Small Particles: Rayleigh scatterers

* Angular distribution of radiation 1s called the
volume scattering function (VSF or [3(0))

* Equal 1n forward and backward directions
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Fig. 4.
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Scartering angle, 8

B. Volume scattering function of pure water for light of wavelength

550 nm. The values are calculated on the basis of densaty fluctuation

Fig. 2.2. Polar plot of intensity as a function of scattering angle for small
particles (r==0.025 pm) for green (=05 pm) and red (A1==0.7 wm) light.
(By permission, from Solar radiation, N. Robinson, Elsevier, Amsterdam,
19466.)

scaliering, assuming that M) =093x=10-* m-" sr-' and that
BE) =901 +0.835 cos? ) (following Morel, 1974),
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Small Particle Scattering
follows Rayleigh Theory
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VSF
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Large Particle Scattering

Three effects: refraction, reflection and diffraction




Scattering in the ocean:
dissolved salts
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From Emmanuel Boss

Scattering by CODOM:

Scattering by molecules whose D<«<1. Rayleigh scattering:

Rayleigh Scattering

b(;u) < 1 B(O) (1 +c052(9))

A

——— Diraction of incident light

No evidence 1n the literature that scattering 1s sigmificant (the only
place 7 have ever found significant dissolved scattering (c,>a,) was
iIl pDI’E Wﬂter)_ Applicable scattering theory

Rayleigh Rayleigh-Gans—Debye Van de Hulst Geometric Opfics
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Scaltering phase function

[ srt ]

Scattering in the ocean:

0 0 &0
Scattering angle [ degrees ]

Stramski et al. 2001

phytoplankton

Normalized scattering
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Applicable scattering theory
Rayleigh  Rayleigh-Gans—Debye Van de Hulst Geomeltric Optics

0.1 nm 1 nm 10 nm 0.1 pm 1pm 10 pm

100 um 1 mm 1 cm

Scattering in the ocean: :
inorganic minerals - =

e Terrestrial dust sources Paricle size ()

Particle Size Range
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Void fraction

Scattering in the ocean:

e Acoustics

— Size

— distribution

e Modeled b
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Scattering in the ocean:
air bubbles

Asleine
[ Paralled podarization

ey ————— Papendicular polarizabion
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Applicable scattering theory

Rayleigh  Rayleigh-Gans-Debye Van de Hulst Geometric Optics
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Particle parameters that influence
scattering

Concentration

Diameter : wavelength

refractive index relative to surrounding medium
absorption of radiation through particle

Particle shape
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Laser optics Eyeball

18 PO bt storage « Small-angle VSF
i o M 1 in 32 log-spaced
angles, from 0.1
to 15°

 VSF and P,
(DoLP) over 15-
150° in 1o steps

LISST-VSF



MEASURING VOLUME SCATTERING FUNCTION

Sequoia Scientific, Inc. manufactures the LISST series instruments. The primary measurement in
is the Volume Scattering Function. The instruments also measure optical transmission with very
low acceptance angles, which yields superior beam attenuation coefficient, c.

Detail of the LISST-VSF optics path, showing
the receive optics and the Roving Eyeball

LISST-200X: Measures Small-angle VSF
- from 0.04 — 11.5°, and Beam Attenuation.

This instrument replaces the original LISST-100X. It
measures the VSF at 36 log-spaced angles. The beam
attenuation measurement has an acceptance angle of just
0.018°. Operating range ¢ > 0.8 m''. Max. operating depth:
600m.

[Agrawal YC, Mikkelsen O& (2009). Empirical forward scattering phase functions from 0.08
to 16 deg. for randomly shaped terrigencus 1-21 pm sediment grains. Optics Express
17:8805-8814.]

LISST-DEEP: 3000 m Depth Rating

Similar to LISST-200X, it covers angles in water from 0.04 —
6.06°. Beam attenuation has identical acceptance angle as
for LISST-200X above, 0.018°. Operating range: ¢ > 0.4 m™'.
Suitable for shelf or deep water. Caution: best to use in
higher attenuation environments (contact us for details).

LISST-VSF: Covers 0.1 - 150°, and Beam
Attenuation

Uses green 514nm laser and optics similar to LISST-200X
for small-angle forward VSF. Covers 0.1 to 14.3%in log-
spaced angles, and remaining angles in 1° intervals. Also
obtains depolarization P12. Beam attenuation acceptance
angle: 0.043°. Operatingrange: 0.1 <c<8m.

[Slade, W. et al., 2013: Comparison of Measured and Theoretical Scattering and
Polarization Properties of Marrow Size Range Imegular Sediment Particles, Ocean Oplics.]
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. \_ L/(N)?= Ly/(N,)?

Suppose we have a beam of radiance, L, passing through a medium
with refractive index N,, falling onto dA from solid angle dQ, inclined at
0, w.r.t. dA, then the power passing through dA is given by:

d?® = L,dAcos 6, dQ,
We would like to find 6, and €, in terms of find 6, and Q,. Using polar
coordinates, with the axis normal to dA, we have:

dQ,/ dQ, = (sin 6, d8,de,)/(sin 8, d6,do,) (1)



From Snell's law we have: do, = dg, (pick your plane of propagation)
and N, sin6,=N, sin 6,
so that (differentiating):
N, cos 6,d6,= N, cos 6, d6,

Using equation (1) above, we then have:
dQ,/ dQ, = (N,/N,)? (cos 6,)/(cos 6,)
The radiance of the refracted beam is then:
L, = d?®/(dAcos 6,dQ,)
=L, dA cos 6, Q,/(dA cos 6,€,)
= L-(No/N,)2

= L,/(N4)? = Ly/(N,)?
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https://coast.noaa.gov/digitalcoast/training/intro-lidar.html
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The polarization state of the

radiance requires four numbers:

the elements of the Stokes
vectorS=[l,Q, U, V]!

| gives the total radiance,
without regard for the state of
polarizaiton. Q, U, V describe
the linear and circular
polarization of the light.

S=1L(z0, ¢, 4)[1,00,01"
represents unpolarized
radiance

S=1L(z06,¢,A)[1,03,0 0]
shows that the total radiance is
partially linearly polarized

E oot hal <
magnetic

irradiance ~ E x

b
-
f?;& 7

randomly polarized plane polarized:
(unpolarized): E fields are all in
E fields are the same plane
randomly oriented  (constant in time)

circularly polarized:
E fields rotate with time
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(such as the size distribution, shape, and index of refraction of particles in the water)

However, oceanographers usually measure only the total radiance because

* The 4x1 Stokes vector (and corresponding 4x4 Mueller matrix, which describes
scattering of polarized light) is much harder to measure than just total radiance

« The state of polarization is believed to have little effect on processes like
phytoplankton photosynthesis or water heating

* The different polarizations of the radiance in different directions tend to average out
when the radiance is integrated to get irradiance

« We do not have many models or data for the inputs needed to compute polarization
in the ocean

Keep in mind, however, that ignoring polarization (e.g., in HydroLight) causes some
error (~10% iIn radiance, ~1% in irradiance) and that use of polarization will become
more important in future years, as instruments and models improve.
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