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Hyperspectral 
radiometryin 
argoprofiles

▪ Vertical structure of phytoplankton has evident effects in radiometry

▪ From radiometry profiles, three important values can be retrieved
▪ 𝐾𝑑 𝜆, 𝑧 = Diffuse attenuation coefficient

▪ Light extinction rate per meter
▪ 𝑅𝐿 𝜆, 𝑧 = Radiance reflectance

▪ Ratio of Lu/Ed

▪ Sun induced fluorescence peak
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Problematic
▪ Depth-resolved information can to be retrieved from hyperspectral radiometry

profiles: 
▪ Phytoplankton community, CDOM (Jemai et al. 2021 , Organelli et al. 2022).

▪ Sun-induced chlorophyll fluorescence (Huot et al. 2025).

▪ How can we accurately invert Ed + Lu hyperspectral profiles? 
▪ Monte Carlo simulations, D’alimonte et al. 2010

▪ Iterative RT modelling, Fan et al. 2015, Mitchell et al., 2018

▪ 3-stream modelling, Terzić et al. 2021.

▪ How can we efficiently invert Ed + Lu hyperspectral profiles? 
▪ McKee et al. 2003  + extra corrections

▪ Av. cosine estimation from Chl a and sun angle
▪ Raman removal of Ed and Lu
▪ Fitting of Photoacclimated spectra per PFG Uitz et al. 2008
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4) Validation
Sensor bbp

1) Internal Validation Klu
Validation SOCA-light

2) Internal Validation Fed
Validation Sensor chla

𝑏𝑖𝑎𝑠 = 10
σ𝑖=1
𝑛 log10M𝑖−log10 O𝑖

𝑛

𝑀𝐴𝐸 = 10
σ𝑖=1
𝑛 log10M𝑖−log10 O𝑖

𝑛

Median Bias and median absolute
error (Seegers et al. 2018). 

3) Validation
Sat -Chl
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1) Kdvalidation

Validation

▪ Internal validation: Kd 
and Klu are well correlated 
and unbiased

▪ External validation: 
comparison with the 
SOCA-light product 
(neural network estimated 
from BGC-Argo profiles)

Kd vs. KLu

Kd vs. SOCA-
light Kd
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2) Sun-inducedfluorescence validation

Validation

▪ Internal validation:  
Consistency between 
measures
▪ Above 15 m Ed 

fluorescence is imposible 
to accurately measure

▪ External validation: 
comparison of 
fluorescences at fixed 
excitation  
▪ Well correlated variables

Upward vs. Downward sun-
induced Chla flurescence flux

Upward Sun- induced Chla
fluorescence flux normalized by PAR 

vs. Raw Chla sensor fluorescence
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3) Chla comparison
Validation

▪ Comparison of Kbio - PFG –fluorometry vs. Chl a from satellites: 

▪ MODIS Aqua standard chlor_a. 10-day, 10 pixel match-up window (to maximize 
match-ups)

▪ Kbio approach: + accuracy, + bias, + linearity

▪ PFG reconstruction: - accuracy, - bias, -linearity

▪ Fluorometry: -accuracy, -bias, - linearity

▪ Comparison of Kbio and PFG vs. Chl a from fluorometry: 

▪ Kbio approach: + accuracy, + bias, + linearity

▪ PFG reconstruction: - accuracy, - bias, -linearity

Kbio Chla

PFG total Chla

Fluorometry Chla

Satellite Chl

PFG
total Chla

Kbio Chla

Fluorometry ChlaFluorometry Chla
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4) bbpvalidation

Validation

▪ bbp is more accurate near the 
surface and at higher latitudes
▪ likely culprit:  clear water in 

low latitudes: higher effect 
on average depth effects
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Vertical, temporal and regionalstructure of phytoplanktoncommunity

▪ Mean integrated total chl
trends correspond to 
expected communities: 
▪ More pico and nano 

plankton in surface low
latitude areas

▪ Microplankton summer
bloom in higher
latitudes, nanoplankton
dominated winters

▪ Nanoplanton
dominates DCMs, 
microplankton close to 
surface

results
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Vertical and regionalstructure of photophysiology

▪ ↑ Median surface fluor. Quantum yield overlaid on top of global 
mean Fluorimetric Chl : satellite Chl ratio (Sauzède et al. 2025)

results
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Inversion + PFG :  unbiased but inaccurate Chl

Regional variations: more accurate and less biased in the Southern Ocean

Sensor = Sun: Sun induced fluorescence and sensor fluorescence are well correlated.

Quantum yield: Differences in f luorescence Quantum yield correlated with fluorimetric :satellite Chl

Next steps: av. Cosine depth parametrization, sensitivity analysis (Raman, av. Cosine), community validation

Takeawaymessages



thankyou! / merci !
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