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% L1 Algorithm Overview %
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L1 product Input Output Auxiliary Data
Georeference Orbit Data Pixel Latitude/Longitude Geometric Coefficients
Angular Geometry Attitude Data Sensorand Solar Angles Geometric Coefficients
Band to Band Corregistration | Pixel Latitude/Longitude Data Band referenced Geometric Coefficients
Radiometric Raw Science Data Physical TOA radiance Radiometric Coefficients
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L1B Processing Algorithms
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Georeference:

Each pixel latitude and longitude are obtained with a
interpolation process over the orbit data

Angular Geometry:

For each pixel the sensor and solar angles are compute
for that we use on board attitude measurements
Band To Band Corregistration:

To accomplish the corregistration a linear interjalator
algorithm is applied to the longitude, 2titude detasot
of the band to be correlated.

Radiometric:

For each pixel and-for alubarids.a’i transformation is
aplied to corverts therav <lience data to physical
Top-of-Atmospher {70A) radiance values.
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> Atmospheric corrections and L :
> SB-04050501050000-NT-00001-A, Simplified Atmospheric Correction‘For. SABIA-Mar,
> SB-04050501000000-RP-00001-A, Report: SABIA-Mar-simulated TOA'Radiances and L2
products,
> SB-04050501050000-RP-00001-A, L2 ProcessorPrototype Description,
> SB-04040208000000-NT-00001-A, Cloud Mask-Algorithm for SABIA-Mar,
> SB-04040201000000-NT-00002-B, ATBD: Normalized Water Leaving Radiance [L],,

> Chl-a concentration

> SB-04040202000000-NT-00001-C, Algorithm Theoretical Bases Document:
Chlorophyll-a“concentration Chl-a

SABIA-Mar ;
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Related documentation %
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» Diffuse attenuation coefficient, Kd490
> SB-04040203000000-NT-00002-B, Algorithm Theoretical Bases Document:-Kd490.
» PAR

> SB-04040204000000-NT-00002-B, Algorithm Theoretical Bases\Document: Daily Mean
PAR.
> SB-04050501090000-1A-00001-A, Implementation of'Daily Mean PAR

> Turbidity

> SB-04040205000000-NT-00001-B, Algorithm Theoretical Bases Document: Turbidity.
> Night boats detection

> SB-04040206000000-NT-00001-A, ATBD: Night boat detection
» L3 binning and mapping method

> SB-04040300000000-NT-00001-A, ATBD: Level 3 products

SABIA-Mar ;
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Key requirements
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Uncertainties requirements for L2 products

Product

Uncertainty

Normalized Water Leaving Radiance (L)

It shall be_less than 5% at bands BO, B1, B2, B3,
and.less thany15% at bands at B4, in oligotrophic
deep.case T'waters.

Chlorophyll-a concentration (Chl,)

It shall'be less than 40% in oligotrophic deep case
1 waters.

Diffuse Attenuation coefficient at'490nm (Kd490)

It shall be less than 25% in oligotrophic deep case
1 waters.

Daily mean~Photosynthetic Available Radiation
(PAR)

It shall be 20%.

Turbidity(T)

It shall be 35% in turbid waters.

SABIA-Mar ;
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Temporal and Spatial resolutions for L3 products

Binned & Mapped

Variables [L, 1y & R, Chl-a, FLH, Turbidity, K, PAR
Temporal Resolution Global Daily, 8-day, monthly, seasonal, annual
Regional Daily, 8-day, monthly, seasonal, annual
Spatial Resolution Global 2.32km, 4.64Km
Regional 0.46km
Binned Mapped
0.46 km 2.32 km 0.46 km 2.32km | 4.64 km
Daily. Regional | Global | Regional | Global Global
8-Days Regional | Global | Regional | Global Global
Monthly | Regional | Global | Regional | Global Global
Seasonal | Regional | Global | Regional | Global Global
Annual Regional | Global | Regional | Global Global

SABIA-Mar ;
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=1 Summary of bands and algorithms for L2 products %
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L2 product Algorithm Bands
L,y &R, NASA L2 product Atm Corr
Global 412, 443, 490, 510, 750, 865
555, 620, 665, 680, 710
Regional + 865 750, 765,1044, 1240, 1610
Chl-a 0C4 & OClI L, @443, 490, 510, 555
FLH Abbot&Lettelier LIAL@665' 680, 710
Dogliotti’s L, @665 (Global)
L, @665, 865 (Regional)
Frouin’s L7, @412, 443, 490, 510, 555, 620, 665
KD2S L, @ 490, 555
Night lights Elvidge's Panchromatic @ 450 nm to 800 nm

[L,]y & Rg and Chl~.a'are the main mission variables, being L, the fundamental one.
and are OC derived variables from main cameras

Night llghts is secondary camera derived variable.

FHL is a complementary OC variable.
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— Auxiliary data
Auxillary data Uses Source
Ozone O, Transmittance OMI/ERTOMS; TOAST
Nitrogen dioxide NO, Transmittance SCIAMACHY/OMI/GOME
Atmospheric pressure P, p,(A;) NCEP/GMAO MERRA-2
Wind Speed W p,(A;), pg(Ai) » Py (A7) NCEP/GMAO MERRA-2
Relative Humidity RH | Aerasol models (e(A;,A;)) | NCEP/GMAO MERRA-2
Water Vapor H,0 Transmittance NCEP
Sea ice coverage Masking NSIDC/SHN
Invsitu Lw, Chl=a, Kd Fit models NOMAD
12/60
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Atmospheric Corrections Physical Problem %
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Section 07B - L1, L2 & L3 Algorithm Description
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The process to retrieve the
water-leaving radiance'is known as
Atmospheric Correction.
The-objective'is to remove both
atmospheric and surface effects from
the signal measured by sensor.

It is a fundamental stage, as several
products use the water-leaving radiance
as input.
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— Radiative Transfer Equation % |

Lt(/‘i) = ( Lr(Ai) * La(Ai) * Lra(Ai) * TsTng(Ai) * tdewc(Ai) * Lw(/\i) )tgvtgs fp

> L, Water-leaving Radiance O (Unknown)

> L,: Top of Atmosphere Radiance O (Measured by satellite)

> L +L,+L,: Atmospheric Radiance (aerosols + molecules) O\(Modeled)
> L, Sun glint radiance O (Masking and Corrected)

> L,.: Whitecaps radiance O (Modeled)

> fp: Instrument-polarization correction factor O (pre-launch)

> tyte T Rayleigh and aerosols diffuse transmittance, gaseous transmittance and direct transmittance,
respectively.
> s:in sun direction, v: in satellite direction.

Section 07B - L1, L2 & L3 Algorithm Description
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= . o &
it Normalized water-leaving radiance

Lun®) = L&) 1 1S t, £ ) )

> L, .- Normalized water-leaving radiance.O (Normalization applied'to. measurement)

> L, Water-leaving radiance O (Measured)

> p.f,: Normalization as if the sun were at its zenith and coffection for the Earth-Sun distance.O
(Measured)

>ty : Diffuse transmittance in the direction of the Sun. O (Modeled)

> f,: BRDF correction of the ocean surface. O (Modeled)

> f,: Remainder'Out-of-Band correction (only if needed). O (Modeled)

Section 07B - L1, L2 & L3 Algorithm Description
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—%’T;’ SABIA-Mar atmospheric correction algorithm %

SABIA-Mar Atmospheric Correction (SMAC) algorithm considerations:

» Based on Gordon & Wang's work and NASA standard algorithm implementation (see
Refs. [1] and [2]).

> Uses the black pixel assumption in NIR (for global scenario) and in SWIR (for
regional scenario).

> Includes some modifications thattake into account the unique geometrical
configuration of SABIA-Mar-cameras.

References:

1. Gordon, H.R. and Wang, M. (1994). Retrieval of water-leaving radiance and aerosol optical thickness over
the oceans with SeaWiFS: A preliminary algorithm. Appl. Optics, 33: 443-452.

2. The guidelines followed by the NASA OBPG group: Mobley, Curtis & Werdell, Jeremy & Franz, Bryan &
Ahmad, Ziauddin & Bailey, Sean. (2016). Atmospheric Correction for Satellite Ocean Color Radiometry.
10.13140/RG.2.2.23016.78081.

SABIA-Mar ;
’ ¥ Section 07B - L1, L2 & L3 Algorithm Description
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SMAC high level flowchart
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. . Start NIR-SWIR bined algorith
> Use of combined method that involves [ compined aisorthm )

SABIA-Mar’s NIR (A = 750,865 nm) and SWIR I —
(A =1044,1610 nm) bands. [ High-glnt mask, cloud Mask on flana /

> A;=750nm, Aj =1240 nm

v
3

> The selection of SMAC bands to use is

based on the calculation of turbidity index, i g onal vES oz 2pRC foribands
- io? inAjr )
Tina(AiA;) and threshold value, Ty, o = 1.7, wa”" 1225 ASWIRy ASwiRy
References: c N i T
ompute T; AT
1. W. Shiand M. Wang. Detection oftu;bid w iters aid NO [ P57
absorbing aerosols for the/mc dis eZean cowarsiata ¥

processing. Remate fen<ing ¢ Envirc nment, 100:149-161,

2007. o
. . Case | waters:
2. Mengl u) Wahg, Seunghyun Son, and Wei Shi. Evaluation NIR AC method  |<—

of modiz-<wir anu nir-swir atmospheric correction
algorithms using seabass data. Remote Sensing of
Environment, 113:635-644, 03 2009b. doi: YES ,L

10.1016/j.rse.2008.11.005. X
) [ Stop NIR-SWIR combined algorithm
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SABIA-Mar Atmospheric Correction flowchart
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Covo Gas o o * serosol Corr: Glint Corr: Whitecaps Corr:
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D Masks algorithms
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Application of masks prior to SMAC process: Cloud mask algorithm flowchart [2]

NIR/SWIR bands:

High-glint mask algorithm flowchart [1] ol S T @

We 1L Ryl gh =fle¢ hnce.
DORA =0, -

Start High-Glint Algorithm N 5 Y-
6},6,,00,W

el 3
1= 1,2, Nypng Compute Lgy: Lgy(8, 6,06, W) J N\ €

Case | water test:
Dp"(865) < 0.0277

NO
NO ¢
LL, < 0.005sr™ =
o N YES Regional NO
Scenario?

(
| topt gh-GI't .gorithm

Case Il water test:
DpFE(1240) < 0.0235?

Case Il water test:

No DpFE(865) < 0.06

No Cloud
References: — Eﬂfaso,;gg)n.m
1. M Wang, SW Bailey (2001) Appl Opt, 40(27):4790-8.

2. M Wang, W Shi (2006) IEEE Transactions on Geoscience and YES
Remote Sensing, 44(11), 3196-3105.

Case Il water test:
BpF(1610) < 0.02157

NO
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%’ Gaseous Absorption %
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The gaseous absorption takes O, and NO, into consideration:
Nitrogen Dioxide Correction, t, .
2

Ozone Correction, t
3

to3 = exp (-TO3M) tNO2 = exp (aN’'M)

> To, = [03]ko3 >N’ NO,.concentration between an altitude of
200 m and TOA (auxiliary data).

> [0,]: 04 concentration (auxiliary data). > & absorption cross section
. | | .

> k03: absorption cross section.
> M: mass factor
1 1

+
cos6, cosH,

References:
1. H.R. Gordon and K.J. Voss. MODIS normalized water-leaving radiance (ATBD MOD18, v4). Ocean Color web page, (Mod 18):1-96, 1999. URL
http://oceancolor.gsfc.nasa.gov/DOCS/atbdmod18.pdfhttp://oceancolor.gsfc.nasa.gov/DOCS/atbdmod18.pdf
2. C.D. Mobley, ). Werdell, B. Franz, Z. Ahmad, and S. Bailey. Atmospheric correction for satellite ocean color radiometry. TECHNICAL
MEMORANDUM NASA/TM-2016-217551, National Aeronautics and Space Administration Goddard Space Flight Center, Greenbelt, Maryland

20771, 2016. . .
Section 07B - L1, L2 & L3 Algorithm Description
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% Polarization Correction Factor %

Polarization correction factor, p_

1
1-m,,[cos(2a)Q, +sin(2a)U,]/1,, - m;[-sin(2a)Q, + cos(2a)U,]/1,,

P.=

> Q, U, are the Stokes components at TOA'and I “is the radiance measured by
satellite.

> m,,, m,; are the Mueller coefficients.

References:

1. Gordon HR, Du T, Zhang T (1997). Applied optics, 36(27), 6938-6948.
2. Meister G, Kwiatkowska EJ, Franz BA, Patt FS, Feldman GC, McClain CR (2005). Applied Optics, 44(26),

5524-5535.
Section 07B - L1, L2 & L3 Algorithm Description
SABIA-Mar Mission Critical Design Review - April 2023 21/60



% Rayleigh Correction Algorithm %

Takes into account contribution of molecules present in the atmosphere:

Rayleigh radiance, Lr (for any atmospheric pressure P)

1 - exp [-C(A, M)T,(P, A)M]
1 - exp [-C(A, M)T (P, AM]

L(t(P,A)) = L(T,(Py,A))

> -IF(;,(PO,/\)) = L(1,(Py,A), 8, 8,,0): Rayleigh radiance at > (P, A) = PﬂTrO(PO’ A
0
L, =1y+1,cosAp +1,cos2A¢d > P, =1013.25 hPa,

los 11,12 first components-of Folrier Transform of > T7,,(Po,2) given by Bodhaine table.

Stokes I component! Obtained from LUTs that consider > C(AM) = a(A) + b(A) log(M)

multiple values for,o and.geometries (6, 6,, Ad). '

Valuesofio, 8, and'6, are interpolated for the case of > a(A) = -0.6543 + 1.6087 (P, A)

interest. > b(;\) =0.8192 - 1.2541Tr(P0,A)
References:

1. Gordon, H. R., Wang, M. (1992). Applied optics, 31(21), 4247-4260.
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% Whitecaps Correction Algorithm %

Whitecaps reflectance, p,,.

0, W<6.33ms™’
Pu(AW)=41925xa, (A)x10°(W-6.33)°, 633ms’'<W<12ms"
1.925xa, (A)x 10(12.0 - 6.33)}, W=12ms™,

- W

> a,.(A)is a factor ima file containing the normalized reflectance of whitecaps.

References:

1. Frouin R, Schwindling M, Deschamps PY (1996). Journal of Geophysical Research: Oceans, 101(C6),

14361-14371.
Section 07B - L1, L2 & L3 Algorithm Description
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% Sun Glint Correction Algorithm %

Sun glint radiance, L,

Ly(60, 6,190, &, W, A) = T(6, 6, A)FoLgy,

. > | is the'normalized Sun glint radiance,
> Computed according to the ey g

isotropic model of Cox & Munk [1]

> T(6,,6,,A): direct transmittance Lon(8g1 6,1 b0, b, W) = 2=,
\Z
> Fy: extraterrestrial solar
irradiance
> ris Fresnel reflectance
2 2
References: > g= ‘”"“;‘Lﬁ:’g))/”)
02 cos*(8),
1. Cox C, Munk W (1954). Josa, 44(11), > g2 = i
838-850. o< =0.00512W + 0.003 is the rms slope

> 8, is the normal angle to the surface.
Section 07B - L1, L2 & L3 Algorithm Description
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%ﬁ% Aerosol Correction Algorithm
>

The aerosol correction term is based on the black pixel assumption
according to Gordon & Wang (1994) for A_ = 750 nm and A, = 865nm, which
means that L (A,) = L,(A)) ~ O (or for reflectance).

> To calculate the aerosols radiance, precomputed LUTs are also needed.

> To get the aerosols reflectance implies to know the single-scattering
radiance (L*°) from multi-scattering radiance (L™*).

» The multi-scattering radiance assuming black-pixel is:

M=l +l,=L-L-L L. (1)

Section 07B - L1, L2 & L3 Algorithm Description
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Aerosol Correction Algorithm %
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> The radiances L>° and L' are adjusted as follows:
In(L™) = c + blog Ls* + alog? L**, (2)

where a, b and c are parameters which depends on the geometry, wavelength .and aerosols
model.

The L is obtained solving this second order equation and the,single-scattering radiance is
computed. This is solved for each aerosol model presentiin the LUTs and for A,.
> Itis computed the epsilon parameter:

Lss(m;2,)

MR A) = —,
° Lss(m; 1)

©)

(& o, (T, (A)p,(6,, 9,8, B5iA)
Tss _ Owa Ta pu v! v; 0’ 0;
La() = 4mcos(6,) ! ()

@ is the modeled single-scattering radiance. All the parameters in this equation are in the LUTs.

Section 07B - L1, L2 & L3 Algorithm Description
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— Aerosol Correction Algorithm %
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> Finding the models e and €2 with which to bound the average value, &, for
all the models in the LUTs we can compute the L3°(A):

[ZS(M1 iA) = e @, /\[)LZS(M1 ; Al)'

I'ss M ss (5)
L35(M,;A) = €72(A, A L3S (Mo A ).
> The radiance L3°(A) measured by the satellite is calculated as a weighted
average: g )
L23(A) 2,.aL53(My;2) + (1 - q)LG(My; A), (6)

where q = (E=€M1)/ (Mo~ M)
> Finally, using the-expression of Eq. (2) is possible to find the multi-scattering
radiance-measured by the satellite for all A:

[ Lms(/\) = exp [c + b In(LS3(A)) + a In?(L35(A))] ]
Section 07B - L1, L2 & L3 AlgorithmBeser (7)
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The impact of the geometry

=]
The term on the RTE which is affected by the geometry layout of SABIA-Mar is the
corresponding to aerosols reflectance contribution due to the expression to
compute the aerosols reflectance in the single-scattering model. This has the

1 /\1
e, 2 Lot
p3s(A?)

following consequences:

» The diffuse and direct transmittance-are affected.
> The Sun glint and whitecapstreflectance also are affected due to the sum of
Epsilon parameter
28/60

aerosols and Rayleigh optical thickness.
Single-scattering Reflectance

waTapa(Bv, 4’\,; 601 d’o)
4cos(8,) cos(6,)

as T

Section 07B - L1, L2 & L3 Algorithm Description
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= The impact of the geometry %
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Single Viewing Angle Multi Viewing Angle
0.22) = witlpl(el,¢!: 6], 44) . 4 cos 62 cos 62 C022) - wiTApN(6}, 94+63, Bg) . 4 cos 62 cos 62
' 4 cosB) cos 6(1) w2t2p2(62, ¢2; 9(2), cpé) [ 4'cos 8] cos 9(1, w2T2p2(62, ¢2; 6%, qb(z,)
_ WaTa | Pa® ;80 b0) _ WaTa  Pa(6y:91iB0,Bg) cos6]
w22 p2(6,,¢,:60,,¢,) w2t2  p2(62,026,,¢,) cos6]’
where 0):=62=6 ‘and'¢]:= p2=, where 8] # 62 and ¢ # ¢2

Section 07B - L1, L2 & L3 Algorithm Description
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Near Real Time (NRT) %
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Types of [L ], that will be generated:

> Near Real Time (NRT): climatological, meteorological, ozone auxiliary data\(e.g.,monthly,
seasonal, annual aggregations) and predicted attitude and ephemeris.data files will be used,
which will be replaced when real orbit data are available. For'the L2"products derived from
[L, ]y such as Chlorophyll-a concentration, the NRT version will be produced from NRT[L ],
product which will be replaced when realorbit.data are available.

> Refined products: coincident meteorological and ozone will be used from corresponding
actualized databases. Will be produced from the refined version of water leaving radiance

The used algorithm. is the same for both types of products. Concerning to LuT and the procedures
and algorithms involved; both NRT and refined versions are valid. There are no differences
between.the procedures applied in both cases.

SABIA-Mar ;
Y Section 07B - L1, L2 & L3 Algorithm Description
SABIA-Mar Mission Critical Design Review - April 2023 30/60



% Chlorophyll-a concentration [Chl-a]. %
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> An essential climate variable that can be estimated from ocean color sensors.
> Great importance since it is a proxy of phytoplankton biomass in the seas and oceans.

> Estimation based on the different water leaving radiance in the green and blue.region
according to pigment concentration.

10 T T T T T
Cla = 0,027 mg ni®
o~ 102/ ¢, = 0,240 -~ h
0,240 L
g /'( P < A\
£ _ACla=0,620 7\
T y, g
< 103} / .
£
= /L
< / /Ck=g900
5 104 /’
J Lom L
R Y
04 05 06 07
Source: MODIS A (nm)
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—% SABIA-Mar [Chl-a] algorithm %
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Color Index
0C4 For low Cl, there is a strong relationship between Cl and

Fourth-order polynomial relationship between a [Chl-a] that was modeled as:

ratio of R, and [Chl-a]:

[ [chl-a],, = 109+2¢!

Rhe] )
log,o([Chl-al) = 3 a;log,, (RrsEAj)

a and b: obtained by adjustment of in situ data.

a;: obtained by adjustment between Ry ratio and

[Chi-al. €= Rlhg) - [Rsh)+ 25

ﬁ(RrS(Ar) - Rrs(/\b))

SABIA-Mar bands: , 3 665nm,/\g =555nm, A, = max(443,490,510)nm

References: OCx (O'Reilley et al 1998) and CI (Hu et al 2012)
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—% SABIA-Mar [Chl-a] algorithm %
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> The algorithm proceeds as follows: T BT T,
1. [Chl-a]is calculated using Cl ﬁ \ [\
algorithm ([Chl - a],) [ {Siouie raqu ol

2. [Chl-a]is calculated using OC4
algorithm ([Chl - a],,.,)

3. For[Chl-a] < 0.25 mg m-3, the CI
algorithm is used.
For [Chl-a] > 0.35 mg m=3, the (/C;
algorithm is used.
In betwezrithese viilues, the Cl and
CiCX aly,ocith nae blended using a
weaighied approach where:

Yes

Compute OC4 equation

Compute mixture equation

[Chl-al¢(t, - [Chl-al¢)) . [Chl - a]pc,([ChL - al¢; - t;)
t -ty t) -ty / Output: [Chi-a] concsntration [mg/m] 4!

Section 07B - L1, L2 & L3 Algorithm Description
SABIA-Mar Mission Critical Design Review - April 2023 33/60

[Chl-a] =




SABIA-Mar model
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.

I situ global chi-a mesurement NOAD (N = 2293) 20

— fit

+ insitu

log(Chl-a)

) -0.4 -0.2 0.0 0.2 0.4 0.6 0.8 1.0
NOMAD Database (Werdell & Balley, 200 '

1 : : T
> SABIA-Mar coefﬁuepq‘ 2 C B sl
Algorithm 1 |
146 -0.56 -0.41 gz ”
- - - B o
> Stastistics:
N R’ RMS  slope Interc . ar=-04307
2482 0909 01017  0.8671 -0.05 bl
Section 07B - L1, L2 & L3 Algorithm Description o e W e T e
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% Regional Scenario case
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|

[Chl-a] in situ en la costa Argentina (n = 55)

> In regional scenario we do not have
enough data.
> Blue l|ne |s e o%asshown
the egional fitted
P% ver—ﬁttmg problem due
&P\E he scarce amount of data.

— fit_arg r2 = 0.71
©in-situ data

log(Chl-a)

-04 -0.2 0.0 0.2 0.4 0.6 0.8 1.0
10g(RE:21553")

35/60



Alternative Algorithm: Non Parametric approach %
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£

K-NN Algorithm
> Given (X, Y,), an integer k and a new value X,
find the k nearest observations of X,, ..., X,.. 10 -
> Average the k correspondingY,,...,Y,. to
define the estimate: w5
\ :Cr-f 0.0 -
m,(X) = 138 ve | 2
f R 8 —os-
— O & NY)
> Statistic/melricz-with the SABIA-Mar bands: -Le-
N RMSE R%? slope intercept -15 -
2482 026 087 083  -0.06 44 —02 0o 02 04 o8 o8 1b
Section 07B - L1, L2 & L3 Algorithm Description Ieg f-R.'dsq—: :*EhE ; 1;}
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;%; Chl-a fluorescence line height FLH %
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:

> It will be generated as an complementary
product of Chl-a concentration.

> Useful HABs and blooms detection, as

Start L2 FLH Algortihm

. . . Inputs: [L .}y at
fluorescent signals are mainly attributed to Chl-a. A ngs g[g_,,’lvdam /
> = e
}f\:LS(l: Aisf A771 N /\ ->’_ Compute equation (8) ‘

=06 LA\

£ / Outputs: FLH /

5 FLH

E 04

: |

g N

202 e Tr

F S = - -
Wavelength (nm) FLH LF LR * Ao - A (LL LR) (8)
R L

References: _ o , , .
1. Xiao-Gang Xing, Dong-Zhi Zhao, Yu-Guang Liu, Jian-Hong Yang, Peng Xiu, and Lin Wang. An overview of

remote sensing of chlorophyll fluorescence. Ocean S, 42(1):49-59, 2007.
Section 07B - L1, L2 & L3 Algorithm Description

SABIA-Mar Mission Critical Design Review - April 2023 37/60



Ministerio de Ciencia,
Tecnologia e Innovacién

%’ Diffuse attenuation coefficient K (490) %

> Describe light penetration in aquatic systems and predict light availability
at various water depths.
» Understanding underwater ecological health impacts physical processes:
> heat transfer in the upper layer of the ocean,
> photochemical reactions,
> biological processes such as phytoplankton photaosynthesis.in the euphotic zone.

Diffuse attenuation coefficient at 480 nm (m-')

001 002 005 01 02

Figure: MODIS Aqua L3 image of the Kd, g, variable at a 2014 station.
Section 07B - L1, L2 & L3 Algorithm Description
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§i Physics fundamentals %
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> Attenuation equation for downward spectral irradiance attenuation:

E4(A,2) = Ey(A, 07)e %22, 9)

> The diffuse attenuation coefficient at wavelength-A'can be found as:

K(A) =25, (10)

References:

1. J.L. Mueller. Seawifs'algorithm for the diffuse attenuation coefficient k(490) using water-leaving

radiances at 490 and-555nm. DRAFT SeaWiFS Postlaunch Calibration and Validation Analyses 3, Center for
Hydro-Optics and Remote Sensing/SDSU, San Diego, California, 2000

2. H.R. Gordon and W.R. McCluney. Estimation of the depth of sunlight penetration in the sea for remote
sensing. Applied Optics, 14:413-416, 1975.
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Algorithm for SABIA-Mar %
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8

Start L2 KD49? algortihm

)

_ / Inﬁthormalized Water Leaving
Kd(490) = deio(490) +0.0166 / Radiance [L, ], at 490 and 555 nm

. .

Fer SAB A Ma Ay=490, /\ =555 ‘

/ Outputs: K (490) /
Section 07B - L1, L2 & L3 Algorithm Description
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% SA B IA- M ar I(d (49 0) Ministero do Cienda,
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> SABIA-Mar coefficients for KD2

algorithm:
a, a a, a3 a,
085 .83 187 24k .07
> Statistics:
N R? RMS  slone lias
1828 091 010 0.8 (9%

Section 07B - L1, L2 & L3 Algorithm Description
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% Photosynthetically Available Radiation (PAR) %
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> PAR: Photosynthetically Available Radiation Photosynthetically Available Radiation ( Einstein / m?/ day )

> Incident solar energy flux on the ocean surface,
in the spectral interval [400,700]nm:

700 nm
Eong = /; E,(A)dA

00 nm

> Wavelengths involved in the chemical reactions
of photosynthesis.

> Regulates the composition and evolution of
marine ecosystems by controlling.the growth of
phytoplankton.

> It is very importantto know the spatial and
temporal distribution of PAR in the oceans.

> Daily mean PAR

Figure: PAR for spring 2014 (MODIS Aqua)

Section 07B - L1, L2 & L3 Algorithm Description
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PAR Theoretical Bases %
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Asummptions:
> Plane-parallel theory

> Isotropy of radiance reflected by
clouds and surface

> Effects of clouds can be decoupled
from the effects of the clear
atmosphere

Expression for Daily Mean PAR, E_S:

Y~ coso olaty t i (- A)
A fpiat L Sy
day (T-A)(1-5,A)

Section 07B - L1, L2 & L3 Algorithm Description
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Figure: R Frouin et al (1992) Journal of Applied Meteorology and
Climatology, 31(9):1056-1066

TocosfA gy, I..cos6

W Top of Al.mosphere ,///

(‘LEAR ATMOSPHERE *

I cosGtalgA/(l-SqA) . :_'L.,casﬂt.,tgf(l SuA)

CLOUD LAYER
TncosOtatg(l - A - a)/(1 - Sad)

W/MW Sea urface ﬁmﬁ%fm 43 /60




—éi PAR Theoretical Bases %
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. Cloud+system albedo:
Gaseous transmittance:

Tl TTers (o) |

A-F(p-E)+A,

v

F: simple bidirectional reflectance factor
A_: obtained from LUTS

= (- It (6,.)t4(8,) + Selp” - p T
cloud+system reflectance

v

Diffuse transmittance:

aT,, + B,T T
td}\ :exp(%)exp( A )

v

cosO > p’: correction for gaseous absorption

> p*: radiance converted into reflectance

> pg: instrinsic atmospheric reflectance

Spherical albedo:
p=p(L7, es' 6\/' Uo' Tmol» Taerr Pmol' Paer' waer)
Sa= (0T x Biraiyexe () |
References:
o =0.052, B, = 0.99, a, = 0.002, B, = 0.87 1. R Frouin et al (1989) Jour. of Geoph. Res.: Oceans, 94(C7):9731-9742
o o v v -
a=0.52,a' =092, B = 0.83, B} = 0.33 2. DTanré et al (1979) Applied optics, 18(21):3587-3594

3. R Frouin et al (2007) Journal of oceanography, 63(3):493-503, 2007
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SABIA-Mar PAR algorithm
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Start daily PAR L2 Algorithm

Inputs: TOA radiance,
Lo [mW/cm?/um/sr], at
Alnm = 412, 443, 490,

510, 555, 620, 665

SABIA-Mar PAR algorithm XN
— - b
> Bands: s\ X5
—

> B7: 412 nm
> B2: 443 nm
> B4: 490 nm & Convert Ly, into
> B1: 510 nm E5) TOA reflectance, pyo,
> B3: 555 nm |
> B11: 620 nm : TOA reflectance, p, corrected
> B8: 665 nm B0r O i Uy for gaseous absorption

Cloud/surface layer
reflectance, p,

Cloud/surface albedo, A

Output: Daily Mean
PAR [Eil /m?[day]

BD' ev’ Tmolr Taerr
Proos Paerr @,

aerr Waer

> Modifications:
> FORTRA.77 > P.thor

inivel - ra ule N/ ™
( A
9.~ (63,67",0,2,67%, 604, 67°,60°)

>

>

. U 4B1 4B24B3 4B4 4BS 4B6

Yoo (9000070, 9,7.9,7.9,0) O
> Part of L2 Proccesor

mol

U, U,

mol* Taer Uor Uy

Units conversion

factor 1193

Output: ERROR
Section 07B - L1, L2 & L3 Algorithm Description 4—‘
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%{ Pre-launch validation %

Input: ;o [mW/cm?/pm/st] (A/nm = 469, 555, 645) OULPUL: PARg 5, 1o, and PARGoopas

Anm=555 Anm=645

o
0 =0 B
500
© @
50
1000 & »
1250 o 20 »
1500
150 © ©
200 200
o w0 w00

o s0 1000 o s 100

Anm=469

MODIS image (2030x1354= 2748620 pixels), obtained the
30/12/2021 at 15 hs. Includes latitudes and longitudes in o,
g PARSABIA—Mar' PARSeaDAS' APAR, APAR(%)

ranges [13.53, 34.32] and [-43.44, -16.20] degrees.
Statistic metrics:

Bias Median 0  p,c,  Pyco
APAR -0.02 -0.07 032 -0.08 -0.02
APAR(%)  -0.41 -0.19 6.27 -024 -0.07

Section 07B - L1, L2 & L3 Algorithm Description
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La Plata River case

N,

> Optical property of a liquid related to
the dispersion suffered by light due to
the presence of suspended patrticles:
the greater the intensity of scattered
light, the greater the turbidity

> Indirect indicator of the
concentration of suspended s2lids i
water and is measured i‘i FN J
(Formazin Nephelometri - Uni=)

> Paramet r user to m.onitor water
quality:

> “"nigh concentrations of particulate matter
can affect the penetration of light and
therefore, the habitat of aquatic fauna

> particles provide sites to attach It is estimated that the amount of sediment transported by
contaminants such as metals and bacteria ) the La Plata River varies between 80 and 160 million tons
per year, making it one of the most turbid rivers in the
Section 07B - L1, L2 & L3 Algorithm Description world with SPM values of between 10 and 500 mg/L.
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—% Dogliotti’'s empirical model %
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Northern Sea 2007-2010 (-) y Scheldt estuary 2010 ()

16
General Idea: a
use specific bands for high and low
turbid waters cases ~ o
Turbidity A/nm Em.
High 859 3
Low 645 =
1 ‘
Ap,(A) y
T =— """ TENU 1ol 0l . S —
A 1- pW(A)/r,\[ ] 1 i 16° /:::(0859) 10 d
> determined only farsparticle type Teus p,(645) < 0.05
10P¢ -
(A &) & . T, ={To, p,(645) 2 0.07
> A7: obtained with non-linear (1- W)T645 + WT859 0.05 < pw(645) < 0.07

regression of in situ measurements.
w =50 (p, (645) - 0.05)

Section 07B - L1, L2 & L3 Algorithm Description
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% SABIA-Mar Turbidity algorithm
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27 Feb 2013

[Start Turbidity (T) L2 Algorithm] b

Inputs: Normalized Water
Leaving Radiance [L, ]y

Band selection: A;=
665nm or 865nm

Nov 2012 (=g7)

250

W0 18 70
T medido [FNU |

|

Preliminary evaluation of the algorithm with in situ measurements in Muelle de los
Section 07B - 11, L2 & L3 Algorithm Description Pescadores (CONAE-IAFE) for the determination of calibration coefficients A’} ych
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Night boats detection: Problem statement @
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> One of the objectives of the SABIA-Mar
Mission is to provide information and
value-added products for studies related to
management of fishery resources, with
special focus in the Argentinian sea.

> Fishing boats are mainly between 50-60 m
of longitude, and carry 120-150
incandescent lamps (2 kW) at-bgth zices of
the deck, which amourt for 240-300 k\v.

> This informatioiuis colleited by sensors
that/neasurz w liziit imaging data in
spectial/baxds covering emissions
generated by electric lights

Images S-NPP from 11/03/2021 of the Argentine sea

SABIA-Mar

Section 07B - L1, L2 & L3 Algorithm Description
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Flowchart
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The algorithm receives a HSC image
data.

There are three pre-processing
steps

1. Multiply the HSC radiances
by a billion (nanowatts).

2. Improve the contrast of
features by taking the
logarithm of the HSC
radiances

3. Flatten noise levels acress
the swath usirg.ari ad ptive
Weiner.S'ter.

CalculiteSpike M/ dia In Jen (SMI)
Calculatesharpri2ss Index (SI)
Calculate Spike Height Index (SHI)

Section 07B - L1, L2 & L3 Algorithm Description
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Input:

SDMB = log10(DNB)

DNB image
x 108

Stretched DNB

!

T Noise "smile"
Lightning Adaptive polynomial from
detector ‘ Wiener filter dark night ocean
/ data
Spik 2 Heo ot Sharpness Spike Median
index (SHI) Index (SI) Index (SMI)
—
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% Flowchart %
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.

> Use thresholding to
select a value of
threshold for SMI.

> For each detection, the
algorithm returns date,
time,
latitude/longitude,
radiance, SMI, SHI and
Sl values. Each
detection has a "quality
flag” rating: sticng \_,
deteciions, yveak
detections,/ fuzzy
detections, gas flares
and energetic particles.

DNB local
maximum 7

es - QF4 Gas flare

S|a| ' 7

No - QF3 Light under
c\oud ?

No - QF2 Weak
detection

Qutput:

SHI = 0.995

DNB = 1000 List of boats
csv

Yes - QF1 Boat
detection

Yes - QF5 Probably
lonospheric Particle

Section 07B - L1, L2 & L3 Algorithm Description
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—% Example %
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‘ SMI = RadLog - RadLogMedFilt

> RadLog is the original image with a > S: is gnhinddex Célguéaf‘edhfouowli(ngftce
(2009) "s3::a5nectral and Spatial

» RadlLogMedFilt is a filter by the median of Sherpness Measure”

each pixel in a 3x3 range.

Spike vedian indef i)

'

Images S-NPP from 11/03/2021 of the Argentine sea

‘e

Images S-NPP from 11/03/2021 of the Argentine sea
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SABIA-Mar

L3 products

&
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Temporal and Spatial resolutions for L3 products

Binned & Mapped

Variables [L, 1y & R, Chl-a, FLH, Turbidity, K, PAR
Temporal Resolution Global Daily, 8-day, monthly, seasonal, annual
Regional Daily, 8-day, monthly, seasonal, annual
Spatial Resolution Global 2.32km, 4.64Km
Regional 0.46km
Binned Mapped
0.46 km 2.32 km 0.46 km 2.32km | 4.64 km
Daily. Regional | Global | Regional | Global Global
8-Days Regional | Global | Regional | Global Global
Monthly | Regional | Global | Regional | Global Global
Seasonal | Regional | Global | Regional | Global Global
Annual Regional | Global | Regional | Global Global

SABIA-Mar ;

¥ Section 07B - L1, L2 & L3 Algorithm Description
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54/60



% SABIA-Mar L3 products %
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:

Brazil-Malvinas Confluence zor¢

The Level 3 data products

> Are defined in concordance of CEOS
and NASA's definition: derived
geophysical variables that have been !
aggregated/projected onto a 5 T g
well-defined spatial grid overa ‘}?‘é, o
. . i) » N
well-defined time perioq. Fo:each ' 2 Thisi fthe l Malvinas Conl i .
- \ . is image of the Brazil-Malvinas Confluence zone is a
prOdUCt' t\_NO king ¢fL3 ! roducts shall combined image displaying the dynamic biological and
be generaiad. physiological oceanographic processes occurring off the
coast of Argentina and Uruguay. Extracted from: Ocean
Color website.

Section 07B - L1, L2 & L3 Algorithm Description
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—’dﬁ SABIA-Mar L3 products flowchart %
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.

L2 Product
(NetCDF4)

Data products

> Binned: accumulated data for all Level-2 products in a '
product suite, for the specified instrument and resolution, Binning
corresponding to a period of time (e.g. daily, 8 days, |
monthly, etc.) and stored in a global, nearly equia!-ar >2; | l
integerized sinusoidal grid.

> Mapped: the Standard Mapped/mage (S Al, pi-aucts are l
created from the corresponding Levei2-vinned products.
Each SMI file coritains /1 Plav= Carree, pixel-registered grid of
floating-ncinu v luds for Scaled integer representations of
the valuey) for a siigle geophysical parameter.

L3 Product L3 Product
(NetCDF4) (NetCDF4)

Section 07B - L1, L2 & L3 Algorithm Description
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% L3: binning method %
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This method is based on a sinusoidal map projection which is a pseudocylindrical equal-area map projection,

sometimes called the Sanson-Flamsteed or the Mercator equal-area projection. A modification of it''s used to

divide the Earth into bins of roughly equal area. The area of the bin is chosen depending an the zi.ar. cteristics
of the data set. The binning scheme has to accomplish with some basic features:

seam longitude = 180" meridian

numrows = 18

(10" of latitucle per row)

Section 07B - L1, L2 & L3 Algorithm Description
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%{ L3: mapping method é
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.

The Level-3 standard mapped image (SMI) products or mapped L3 products, are image representations of
binned data products. The data in each SMI product represents an image of the parameter soecifiec by the
global attribute Parameter. This object is a two-dimensional array, which usually uses E¢ vicistani Cyiindrical
(also known as Plate Carrée) projection of the globe where each rectangular hin lias the « ane size, shape, and
area.

fﬁﬁ%% L [ A 1ids
""" A P & x
RN =
d A
5 e -
\ o | |k
{
|
| APSeS |
meridianos meridianos  paralelos

paralelos
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SABIA-Mar L3 products algorithm
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> Divide the earth into squares (bins)

> Choose squares of 4 x 4 km (spatial
resolution)

> For each bin statistics are
accumulated.

> Two types of level 3 data are
generated:

> binned: tnatial anctemporal

> mipg2ad: creaied from the
corecpunding Level 3 binned
products. Each SMI file contains
a Plate Carreé, pixel-registered
grid of floating-point values for

a single geophysical parameter.
o

Section 07B - L1, L2 & L3 Algorithm Description
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Chlorophyll-a concentration, binned and mapped
products.
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QUESTIONS?

Section 07B - L1, L2 & L3 Algorithm Description
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