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Photosynthesis: 
● transforms light energy into chemical energy
● converts water, carbon dioxide, and minerals into oxygen and energy-rich organic compounds.
● depends on the physiological state of plants that fluorescence can reveal
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Global map of plant 
chlorophyll 
fluorescence as 
measured by the 
GOSAT satellite from 
June 2009 to May 2010. 
The fluorescence is 
measured at a spectral 
wavelength of 757 
nanometers and 
superimposed on a 2°x 
2° grid. 
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Daily-corrected SIF at 740 
nm for August 2015 from 
Global High-Resolution 
Estimates of SIF from Fused 
SCIAMACHY and GOME-2, 
2002-2018. 
[Wen et al., 2021]

The highest SIF values during 
this time period were observed 
in agricultural sectors in the 
Northern Hemisphere.
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SIF: Sun Induced Fluorescence
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The Fluorescence Explorer (FLEX) 
mission is ESA’s eighth Earth Explorer. 
FLEX will provide global maps of 
vegetation fluorescence, which can be 
converted into an indicator of 
photosynthetic activity. This new 
information will improve our understanding 
of how much carbon is stored in plants 
and their role in the carbon and water 
cycles.
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FLEX:
FLORIS
higher spectral resolution

Sentinel-3: 
OLCI
SLSTR
wider spectrum

Same 
spatial 

resolution

Synergistic approach
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Global mapping through remote sensing technology:
FLEX will provide unprecedented hyperspectral 
information  
Synergistic exploitation especially for atmospheric 
correction
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Phytoplankton - from diversity to primary production



Biogeochemical investigation and modeling
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open ocean - oligo to blooming conditions massive bloom conditions
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Retrieving fluorescence quantum yield Φc

(plots from Ocean Optics 
web-book, Mobley et al.)

Quantum yield of photosynthesis (ϕc) expresses the 
efficiency of phytoplankton carbon fixation given 
certain amount of absorbed light. 

This photophysiological parameter is key to obtaining 
reliable estimates of primary production (PP) in 
the ocean based on remote sensing information.

PHY2FLEX will develop forward/inverse 
model for retrieving ϕc along with Chl-a 
thanks to synergy between fluorescence 
retrieval from FLEX and Chl-a related 
parameter from Sentinel 3

with E for available photon energy (representing 
photosynthetic available radiation, PAR, 400–700 nm, 
quanta/m2), a⁎

ph the species dependent specific absorption, 
Chl concentration in chlorophyll-a.
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Harmful algal or cyanobacteria blooms → induce species-related hyperspectral signal

(Gernez et al., 2023)
(Harmel et al., 2024)
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Acquisition mask – Aerosol deposition impacts

Information driven water acquisition mask

In red: Marine Protected areas

Yearly mask = 
intersection of 
“high” priority

→ Mask available as raster file 
(netcdf) seasonal or static
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Analysis of proxy data

In situ proxy data: our own acquisitions + customed Hydrolight simulations (Hereon) 

Inclusion of the novel fluorescence spectral function:

Collaboration with J. 
Hedley maintainer of 
Hydrolight software

Fluorescence signal extraction 
from various species

Modeling with multi-Gaussian
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Analysis of proxy data

In situ proxy data: our own acquisitions + customed Hydrolight simulations (Hereon) 
Collaboration with J. Hedley

Simulation with the novel Fluorescence function and comparison with 
measured remote sensing reflectance (Rrs in sr-1)

2 fluo peaks 
in O2 bands
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Change in spectral resolution
Chl-a = 2 mg m-3

Chl-a = 25 mg m-3
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Phytoplankton species and fluorescence (more investigations needed)



Inclusion of the AERONET-OC sites into the 
RadCalNet framework

Satellite signal 
simulation tool

Cal/Val 
performances

AERONET-OC 
products

BOA

TOA

Radiative transfer 
propagation

BOA: bottom of the atmosphere
TOA: top of the atmosphere
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Simulations at the top of the atmosphere (InvRrs + RadCalNet-OC)

FLEX spectral range



WP - 3 Representative dataset

19



20

AAOT Campaign: Instrumentation and Measurement Design

WISP-3 & WISP-Orca

Above-water radiance + 
irradiance (350–800 nm / 
220–1100 nm);
~4.6 nm FWHM, two 
viewing angles;
Single spectrometer with 
optical multiplexer;
Designed for optical water 
quality retrievals. 

Spectral Evolution

Full-spectrum UV–VIS–NIR 
(350–2500 nm) in one scan;

1.5 nm sampling (350–1000 
nm);

Follows SeaWiFS protocols.

ROX

VNIR (400–950 nm), 1.5 nm 
resolution;

Continuous measurements, ~1 
min acquisition;

Follows SeaWiFS protocolsCan 
be used in-water, but used 
above-water for this campaign.

FLOX (Fluorescence Box)

Continuous measurements;

Upward/downward channels 
(irradiance + radiance, 
350–2500 nm);

Core QEPro spectrometer for 
650–800 nm (fluorescence + O₂ 
absorption bands).
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FLOX data analysis

FLOX nadir acquisition
Comparison to simulation 
from IOPs (optical closure) 
method based on InvRrs 
package
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Forward Model Formulation

Optically deep

Optically shallow

where,

Elastic Scattering Inelastic Scattering

where,

Analytical

Semi-
Analytical

The WRF describes the probability that a photon absorbed at λex is re-emitted at λem, E0 is 
downwelling scalar irradiance and k(λem) is the attenuation of the fluorescence signal in water 
vertical column ( Gordon, 1979; Kattawar and Vastano, 1982; Maritorena et al., 2000).

The hc(λ) describes the double gaussian shape for the bimodal SICF peaks with width of 
25 and 50 nm, respectively (Gilerson et al., 2017).

The            is converted to Rrs
SICF via normalizing with the Downwelling Irradiance 

following Gregg and Carder (1990).

 is the geometry dependent case-II transfer function (Mukherjee et al. 
2025).

where the attenuation coefficients; downwelling(Kd), upwelling for water column 
(ku

w) and benthic signal (ku
b), respectively) are parameterized using IOPs (a, bb), 

solar (𝜭s) and view zenith (𝜭v) (Albert & Mobley 2002, Mukherjee et al. 2025).
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Inversion of in situ data : Venice
Time Series validation

Optical Closure

Full

Fluo

● FLOX in situ Rrs inversion showed good agreement with field in-water 
biogeochemical measurements.

● AAOT station showed discrepancy in result, while the Rrs shows a poor shape.
● The optical closure for SICF spectral range overestimated values from the inversion

Coastal Green 
Waters
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Hyperspectral assets for phytoplankton bloom classification

The visualisation of DOM fluorescence and of 
phytoplankton SIF from HYPERNETS data

PhD project of Zoé Besnard
Start March 2026
Supervision:
Pierre Gernez (Nantes Univ., France)
Tristan Harmel (Magellium)

Bloom of Mesodinium Rubrum
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Thank 
you!

contact us:

tristan.harmel@magellium.fr

Funding:

ESA PHY2FLEX project

mailto:tristan.harmel@magellium.fr

