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Scientific context

RGE image

Fluorescence can bring new information about the
physiology and health of phytoplankton, beyond [Chl-a].

* Hyperspectral radiometry
* Eg. PRISMA, EnMAP, FLEX (2026) or CHIME (~2029)

Sentinel-2 image of phytoplankton bloom in the North Sea June
O 2023 - GRS correction (@ Tristan Harmel)
Flex satellite. Source : ESA obtained with VRE Coastal Ocean notebooks (@Flore Bray)
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My P h D (started in February 2026)

Lepidodinium chlorophorum

1st year main goals:

* Insitu hyperspectral reflectance data processing and analysis (fluorescence signal) 6@?
* Implementation of Sun Induced Fluorescence into radiative transfer model #‘EI = q’%

kgg
Next years goals :

« Laboratory experiments - IOPs of toxic phytoplankton species
* |T development for EnMAP and PRISMA image processing

 Use of ENMAP and PRISMA for the detection and classification of blooms
* Application to FLEX hyperspectral images

@ images Victor Pochic
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Features located within atmospheric absorption bands in
reflectance spectra could be used to visualise phytoplankton
sun-induced fluorescence

WATERHYPERNET

Sites used : BEFR, VEIT, WRUK
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Infilling of atmospheric absorption bands
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L, : water leaving radiance
E,; : downward irradiance
L¢lastic . \water leaving radiance from elastic scattering

/ . . . . .
L{U”O : water leaving radiance from inelastic scattering

In absorption bands, E ;(A) is really low.

Relative
Flourescence
Efficiency

There is no elastic scattering but there is inelastic

scattering (fluorescence). 200 500 oo
Wavelength (nm)

Characteristics of excitation (Ex) and emission (Em) spectra
for different phytoplankton species. IOCCG Report 15, 2014.
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Infilling of atmospheric absorption bands
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Simulated sun-induced chlorophyll-a fluorescence spectrum and in situ real downwelling
irradiance (Ey) at sea surface using HYPSTAR instrument on BEFR (Berre lagoon France) on
the 2021-10-08 at 3pm
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Fluorescence retrieval method

Using peak heights

Data without absorption band peaks = masked data around peaks and interpolation by polynomial fitting polyfit around
the peak

Extraction method for t=2021-10-08T15:03:57.000000000 0.0035 - — Raw data
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Wavelength (nm) Fluorescence Line Height (FLH) algorithm
by Letelier, R. M., & Abbott, M. R. (1996)
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Diurnal fluorescence variability
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Berre Lagoon on the 2021-08-20, results of extraction of fluorescence peaks and reflectance spectra
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Diurnal non-photochemical quenching

Triggered when light energy exceeds what can be used for photosynthesis (energy dissipated in heat)

N : number of photons
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Non-photochemical quenching on Berre Lagoon on the 2021-08-20, results of extraction of fluorescence peaks and reflectance spectra
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Perspectives

WRUK Site (Wraysbury, UK)

R (sr71)

Ry (sr~1)

Reflectance spectrum for t=2023-07-07T08:02:17.000000000

Visualisation of fluorescence from other pigments
than chlorophyll-a
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Perspectives

* Sun-glint correction on HYPERNETS data introduces negative reflectance values
* Why can we observe non-photochemical quenching on some days but not on others ?
» Using existing land fluorescence retrieval techniques to extract SIF

* Using FLOX data (field missions for PHY2FLEX Magellium/ESA project)
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Thank you

zoe.besnard@etu.univ-nantes.fr

Aknowledgments to WaterHYPERNETS team



