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What is Rayleigh Scattering

Rayleigh Scattering method in DIMITRI-Toolbox

Results from MERIS-3RP radiometric validation

Conclusion
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Why the sky is blue and the sunset is red?

= Rayleigh scattering is purely electric dipole
= The scattering phase is symmetric

= The scattering amount varies proportionally
to the 4" power of wavelength

= The main contributor to the TOA reflectance
signal over ocean.

What is Rayleigh Scattering

- -txm
I =Ixe

t=t, +t, +1 +1,

I = radiation intensity (e.g.. F)
I, = radiation intensity above atmosphere
M = air mass
t = attenuation coefficient due to
— absorption by gases (ag) —
— scattering by gases (sg)  —
— scattering by particles (sp)
— absorption by particles (ap)
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http://homework.uoregon.edu/pub/class/atm/scatter.htm
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Rayleigh scattering | Sun-Glint inter-bands Desert (PICS) Sensor-to-Sensor
calibration calibration calibration intercalibration

Absolute calibration Absolute Inter-band Relative calibration Absolute inter-calibration

coefficient: as p°s/psim calibration coefficient: as coefficient: as p°Ps/psim coefficient: as p°Ps/pREF
pB()/pBiren (MERIS as REF)
Vermote et al (1992); Hagolle et al (1999; 2004); Bouvet (2014) Bouvet et al. (2006)
Hagolle et al (1999) Nicolas et al (2006)
- Over VIS bands - Over VNIR bands - Over VNIR bands - VIS, NIR & SWIR
- Uncertainty <5% - Uncertainty <2% - Uncertainty <5% - Uncertainty <5%
- Very stringent criteria - Very stringent criteria - Uses surface BRDF - Limited matchups

https://dimitri.argans.ca
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CalVval Sites:
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Fougme and Henry (2002) and Bouvet (2013)
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Rayleigh Scattering method in DIMITRI-Toolb
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Rayleigh Scattering method in DIMITRI-Toolbox

Theoretical background:

Proa (;‘) = gas(l) (tppath (A) + tdown (A) * tup (A) * pw(l) T Tdown (l) o Tup (X)Pc

Could be estimated using aerosol models:
Marine models of Shettle and Fenn (1974)
Several relative humidities

ppath(A)|P = Ppath ()\)|Pstd * (1 + ::dn()‘))

ppath = Pr + Pa t Pra

_ TN
nA) = RN +Ta () Antoine and Morel (2011)
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Theoretical background:

Proa (A) = gas(l) (lppath (l) + tdown (A) * tup (A) * pw(x) T Tdown (l) . Tup (l]

pw(A) = TG R(07)

Marine model follows:

More
(2007
More

and Maritorena

)

and Gentili

(1996)
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Rayleigh Scattering method in DIMITRI-Toolbox
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Theoretical background:

Proa O‘) = gas(l) (tppath O‘) + tdown (A) * tup (A) *

aerosol amount)

Pw (l) |

Rayleigh Scattering method in DIMITRI-Toolbox

T Tdown (l) o Tup (l]

Pc

Rrc(865) = (proa(865) — pr(865)) cos 6,
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D Sun glint reflectance is filtered by RCNR865 : [0.002 - 0.02]
G| We follow Hagolle et al. (1999) by considering the Rayleigh
corrected normalised radiance at 865 nm (directly related to
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Rayleigh Scattering method in DIMITRI-Toolbox
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Marine-reflectance CNES vs DIMITRI Chl, 65 - p,,(A)
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Marine-reflectance CNES vs DIMITRI

Rayleigh Scattering method in DIMITRI-Toolbox

Average Average :Y.?I::::tlancomaﬂne zg:::tlanco marine typical calibration
Rayleigh |aerosols |marine |Transmission |Absorption | measured |marine difference difierence DIMITRI difference DIMITRI

reflectance | reflectance DIMITRI vs. CNES |vs. CNES (%) vs. CNES (%)
80% 2% 18% 0,998 0,20% 0.147 0,035 0,005 14,25% 2,57%
83% 3% 14% 0,983 1,70% 0.103 0,019 0,001 5,26% 0,74%
89% 6% 5% 0918 8,20% 0.055 0,004 0,0005 12,50% 0,63%
87% 1% 2% 0,969 3,10% 0.028 0,0006 0,0002 33,33% 0,67%

Note: ChI-DIMITRI: Globcolour climatology.
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Provided by V. Lonjou (CNES)
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Rayleigh Scattering method in DIMITRI-Toolbox

Marine-reflectance BRDF improvement

Aim is to replace with version that is
ﬂw()») dependent on solar-view geometry /Ow()“» 0, 0,, A(I’)
(using BRDF)

b Y7
L.,(8, 80, Ab) = 40 R(0) o) @<
— PN

« Cangetl,, Eq4, by and a from the model and calculate the BRDF factor. ‘
« Just assume BRDF has a dependency on 0, 8,and A¢ and tabulate it. HYDROLIGHT
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Results over SPG-site:
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Calibration measured / modelled
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Rayleigh Cal-method application on MERIS 3RP
using DIMITRI-Toolbox
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« Physically could not account for all of it - observed dependency

is almost as big as the whole water-leaving reflectance.
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Rayleigh Scattering method in DIMITRI-Toolbox

Theoretical background:

Ppath(Mp = Ppath N |p,,, * (1 + Pifdn()\)) Antoine and Morel (2011)

_ RN
n) = tr(N)+Ta(A)
n(\) = o PA Bodhaine et al. (1999)
Mmayg

g(¢) = 980.6160(1 — 0.0026373 cos 2¢ + 0.0000059 cos* 2¢)
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Results over SPG-site:

Rayleigh Cal-method application on MERIS 3RP
using DIMITRI-Toolbox

Before : HS-LUTs + Atmos-P-adjustment

RAYLEIGH_ARG — RTOA Sensor vs RTOA Simulation Temporal Variability — PERIOD [2002-2013]
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RAYLEIGH_ARG — RTOA Sensor vs RTOA Simulation Temporal Variability — PERIOD [2002-2013]
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Results over SPG-site: After : HS-LUTs + Atmos-P-adjustment
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Conclusions

> Clear improvement over Rayleigh results from MERIS.
» Hyperspectral Atmospheric LUTs
= Atmos-pressure adjustment.
» [ntroducing the directional effects (BRDF)

»  Still observe a seasonal variability and site dependency.

» Next:

> To perform the intercomparison between MERIS/MODIS and MSI/OLCI using Rayleigh
Scattering method (DIMITRI).
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OPT-MPC . . . .
Invitation to submit Manuscript for a

Special-Issue of Remote sensing MDPI

F Special Issues / Copernicus Sentinels Missions Calibration, Validation, FRM and Innovation Approaches in... IMPACT
FACTOR

5.349

79 remote sensing

Submit to Special Issue

[ Submit Abstract to Special Issue ]

Special Issue "Copernicus Sentinels Missions
Calibration, Validation, FRM and Innovation
Approaches in Satellite-Data Quality Assessment”

Review for Remote Sensing ]

Expected topic areas covered by Copernicus Sentinels missions but are not limited to: )
P P y top Guest-Editors:

. remote sensing of atmospheric composition, land, ocean, snow and ice surface, Dr. B. Alhammoud, Dr. S. Clerc, Dr. S. Dransfeld,

. calibration and sensors’ intercomparison, Dr. J-C. Lambert, Mr. P. Féménias

. validation of geophysical data products,

. innovations to products’ retrieval algorithms and Cal/Val techniques,

. Fiducial Reference Measurements (FRM) for satellite data validation. Deadline for manuscript submissions:

30 June 2023
https://www.mdpi.com/journal/remotesensing/special_issues/J3CYH30QVO0#editors
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