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What Is the BRDF?

A Do you think the color of the grass is different because the grass is different?
\ The apparentcolor is different, but theinherentcolor is the same




The lake Pend Orellle experiment, 1957 Downwelling ~ -
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A Radiance varies with the observing angled so doesY
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A ALL waters in the world have bidirectional effects
A Extremely turbid water does NOT lead to isotropy ofY
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A The goal is to convert - ~nto o - -
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A To convertd - -into 5 - ; we need to know the IOPs

A So, the BRDF is nothing more than the remote sensing problem
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A We better talk about anisotropy or bidirectionality
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Relation of incoming and reflected radiance terminology used to describe reflectance quantities

Incoming/Reflected Directional Conical Hemispherical
Directional Bidirectional Directional—conical Directional-hemisp}
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You need aranalytical model of 4+ -as a

function of the IOPs and of , that:

U Is simple enough toallow algebraic inversion
U Is complex enough tgrovide accurate values
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A You start model development by solving fotY from the scalar
radiative transfer equation

U Thatis ourtruth

U what tells you the amount of radiance in the water as a consequence of:
V Absorption
V Scattering

U You need to impose boundary conditions: top and bottom

Qb
Al

W L 0(—F%0)T (—F%o O —F%o)o EA—A%ae

>V >V




A : Al A Odddedandimplementations based on it N
A AO

have numerous Issues |
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Morel: a series of
fundamental papers

Morel 1991 10.1364/A0.30.004427

b,
a + b,

ing the upward stream. In the classical Eq. (13), b, is
by approximation used to replace a variable and
unknown portion of the VSF where the backward
lobe, after various convolutions, often has a major,
albeit not exclusive, role. This approximation results
in a nonconstant f factor in this equation. For exam-

R=f'

More| 1993 10.1364/A0.32.006864

The L, field is also controlled by the optical properties
of the water itself, which are summarized by the set of
parameters w and m. Instead of m, a more adequate
parameter is m,, a similar dimensionless quantity,
except that only backscattering is concerned, so that

Mo = by /(byw + by ), (11)

Morel 2002 10.1364/A0.41.006289

Morel 1996 10.1364/A0.35.004850

The determination of the two other quantities, f
and @, requires that the in-water radiance field (par-
ticularly the upward field) be computed for all geom-

C. Bidirectional Properties o ao: S etries, environmental conditions, and water types.
To get a complete picture of the anisotropic upward I R ‘ - ) o - - - '
radiant field, all the observation angles must be con- 018 17003 mg m?] - (003 mem|- a o )

sidered. Some examples of the variations in the ratio 015 4 R S The quantities f(\, 8,, Chl) and the ratios f(A, 6,
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f(8o, X, Ch)/Q(8', 8o, Ad, A, Chl) EL': i R e ] the five following parameters:
and desirable. Stokes vector computation of the up- 51 [Binen” p3men] T e Wavelength (A), seven values;

ward radiance®? could be envisaged; it is likely pre-
mature, considering the inaccuracies that remain in

0.12 vk

0.09 -‘F,-_,.‘_m (,;

e Zenith-sun angle (0,), six values;
e Chlorophyll concentration (Chl), six values;
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the current bio-optical models. In this study, the ,, 1"
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Morel: how are models developed?
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You get thetrue 'Y from here
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A You knowdand  in advance

A You know'Y because you solved the RTE

A You knowp because a smart person calculated
it for you with his Monte-Carlo code

Y

You calculate- by fitting the model to the data



Morel: bieoptical modelling
for the RTE simulations

A A three-component model: water (w), phytoplankton
(chl) and CDOM (y)

A Phytoplankton:
A lts absorption ALWAYS has the same spectral shape
A Chlvaries between 0.1 and 10 mg

A CDOM:

Ais related to phytoplankton with a fully
deterministic equation

A lts spectral slope is constant at 0.014

bbp/bp - Ebp = 0002
+{0.01[0.5 — 0.25 log,,(Chl)]}

b,(\, Chl)/b,(550, Chl) = (\/550)",
where the varying exponent v is expressed as
v = (1/2)[log;,(Chl) — 0.3],
when 0.02 < Chl < 2 mg m ?,

v =20,

when Chl > 2 mg m °.

a(A) = a,(A) + 0.064 4 (A)(ChD)° % + a,(A),
where
a,(A) = a,(440) exp [—0.014(\ — 440)]
a,(440) = 0.2[a,(440) + 0.06A .,(440)(Chl)° ©],



The phase function
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U The ability to quantify each one of them
U The differences in their angular patterns

respective concentrations
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The phase function
A Hydrolight needs the phase functiorf, = —

A BUT Twardowski showed that a parameter that is more related to remote

sensing is)  —— 10.1364/20.48.006811
h
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and 180 degrees, for all kinds of marine particles (Zhang disagrees)z64/A0.414695

A This can help you decide whether or not a phase function is realistic
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The QAA10.1364/AO.41.005755

ioccg.org/groups/ Software_ OCAQAA_v5.pdf
I — l Q] Q) Y P
A Widely used, even outside the QAA (e.g., Glé®es q

A "Qh"Q A single values, calculated from data for
various sun zeniths and only for nadirview

A P A technically inconsistent with Hydrolight

Lee 20 1 1 10.1364/A0.50.003155

| — Y O] O] O] O]
'O O FORO  "O—h—hw %o

A Y is directly calculated (nor)
A G O wAveléngth agnostic



https://doi.org/10.1364/AO.41.005755
https://ioccg.org/groups/Software_OCA/QAA_v5.pdf
https://ioccg.org/groups/Software_OCA/QAA_v5.pdf
https://ioccg.org/groups/Software_OCA/QAA_v5.pdf
https://doi.org/10.1364/AO.50.003155

A Why consider — _and

] —— separately?
0.06

0.05
A Does not — alone

encapsulate enough information_ 9-04

to predict'Y with accuracy?




Lee: bicoptical modelling for the RTE simulations

A A four-component model: water (w) , phytoplankton ¢€hl) , non-algal particles (NAP)
and CDOM (y)

A 2APIl EAAOEI C OEA )Y/ ##' AAOAOAOG6O 11 AAI
A Pseudccase 1 assumption: everything is a function afl, but with a random part
A Phytoplankton:

U Chlvaries between 0.03 and 30 mg m
U Real absorption spectra, adjusted to be consistent witthl
A Non-algal particles:

U Assumes an exponential shape for absorption and a power law for scattering,
randomly linked to chl

A CDOM:
U is related tochl with a random coefficient
U Its spectral slope varies
A We can say this modelling is a good starting point
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A 1  :Petzold average6 =0.0183 _o
(i Totally not ok with empirical evidence ~ ™= 0.19|
0.1r il
misclab.umeoce.maine.edu/ftp/classes/O02017/readings
[Fournier_SPIE3761_1999.pdf
www.oceanopticsbook.info/packages/iws_l2h/conversion 0.05 ' ' ' ' ' ' ' '
ffiles/Petzold_VSF_SIO78.pdf 90 100 110 120 130 140 150 160 170 180

v (°)


https://www.oceanopticsbook.info/packages/iws_l2h/conversion/files/Petzold_VSF_SIO72-78.pdf
https://www.oceanopticsbook.info/packages/iws_l2h/conversion/files/Petzold_VSF_SIO72-78.pdf
https://www.oceanopticsbook.info/packages/iws_l2h/conversion/files/Petzold_VSF_SIO72-78.pdf
https://www.oceanopticsbook.info/packages/iws_l2h/conversion/files/Petzold_VSF_SIO72-78.pdf
https://misclab.umeoce.maine.edu/ftp/classes/OO2017/readings/Fournier_SPIE3761_1999.pdf
https://misclab.umeoce.maine.edu/ftp/classes/OO2017/readings/Fournier_SPIE3761_1999.pdf

Phase functions: summary
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A new method based on Lee 2011

ALee 2011 is the right starting point for a number of technical reasons
U It has a properY modelling, separating water and particles
U Itis a modular method, allowing to target specific weaknesses
U Itis based on the QAA for IOP inversion

ABut we need a dataset to build a new method

‘ V A wide range of realistic IOPs
V A wide range of angular combinations
\ V Such dataset did not exist before

N
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Pitarch and Brando (2024), or PB24 dataset

A

Resolved at the full range of geometries (1300 angular
combinations in total)

0 — Tup ity BIY

iU — mop tgp thy BIY

U w% T1gpLIp PIN

5000 IOP cases, covering an extensive range of water types
Phase functions chosen from the FournieForand family (FF),
with varying backscattering ratio

Bio-optical modeling introducing covariances between IOPs to

mimic natural variability



PB24 dataset

A Driven by the concentrations of chlorophyll (C), noralgal particles (N) and CDOM (Y)

New dataset ]
Morel 2009
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Pure water absorption and scattering
A Scattering: Zhang et al. (2009) for T=2@ and S=35 PS!g:z64/0£.17.00569

A AbSOrption, WOPP merg6d dataSEt tﬁoettgers calvalportal.ceos.org/documents/10136/64871/WOPP.zip
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PB24 dataset: phytoplankton absorption and scattering




