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Who am I/what did I do?

• D EA &  e n g i n e e r i n g  s c h o o l  “ Ce nt ra l e  M a rs e i l l e ”  1 9 9 9 - 2 0 0 2

• P h d .  U n i ve rs i t y  o f  F re n c h  Po l y n e s i a  2 0 0 3 - 2 0 0 6  ( p hys i ca l  o c e a n o g ra p hy )

• Po std o c to ra l  fe l l o ws h i p  I P RC  ( H awa i i ,  U SA )  2 0 0 6- 2 0 0 7  ( m o d e l i n g  d ev. )

• Po std o c to ra l  fe l l o ws h i p  LOV  (V i l l e f ra n c h e / m e r)  2 0 0 7 - 2 0 1 1  ( o c e a n  o p t i c s )

• I RD  p e rm a n e nt  re s e a rc h  p o s i t i o n  ( B i o ge o c h e m i st r y  &  p hys i c s ) :
• MIO (Marseille, 2011-2013)
• EIO (Tahiti, 2013-2017)
• LOPS (Brest, 2018-…)

2



OUTLINE

INTRODUCTION

1. PRÉMICES DE LA
RADIOMÉTRIE SPATIALE

2. CAPTEURS MODERNES

3. RECONSTRUCTION
DÉCENNALES

4. APPROCHES
COMPLÉMENTAIRES

Le phytoplancton, importance biogéochimique
Pertinence de la télédétection de la couleur de l’océan

1979-1985: apports de la mission Nimbus7 et du 
capteur CZCS (les prémices d’une vision 
globale et de la variabilité saisonnière)

Les produits reconstruits pour tenter d’appréhender la 
variabilité décennale

Combinaison des observations et intelligence artificielle:
vers de nouvelles perspectives!? 3

1997-….: apports des capteurs radiométriques modernes 
et des produits combinées : du saisonnier à 
l’interannuel
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INTRODUCTION: BIOGEOCHEMICAL KEY ROLE OF PHYTOPLANKTON

Phytoplankton play a critical role in:

Key ro le in  the g lobal  carbon cyc le
o ~50% of the wor ld ' s tota l pr imary product ion

(F ie ld et a l . , 1998)

o Bio log ica l carbon pump helps regu late the
planet ' s atmospher ic CO2 (Takahash i et a l . , 2009)
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INTRODUCTION: BIOGEOCHEMICAL KEY ROLE OF PHYTOPLANKTON

Phytoplankton play a critical role in:

Bas is of the trophic interact ions
à impact on the upper trophic levels

These processes are subject to large spatio-temporal variabil ity

Key ro le in  the g lobal  carbon cyc le
o ~50% of the wor ld ' s tota l pr imary product ion

(F ie ld et a l . , 1998)

o Bio log ica l carbon pump helps regu late the
planet ' s atmospher ic CO2 (Takahash i et a l . , 2009)
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INTRODUCTION: PHYSICAL AND BIOGEOCHEMICAL PROCESS

phytoplankton zooplanktonnutr ients
pr imary  

product ion

l ight

graz ing

brought  by  
phys ica l  process
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INTRODUCTION: PHYSICAL AND BIOGEOCHEMICAL PROCESS
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INTRODUCTION: PHYSICAL AND BIOGEOCHEMICAL PROCESS

Var ious dynamica l systems,  e . g :

• Subtroc ia l gyres
• Subpolar gyres
• Equator ia l  upwel l ing
• Coasta l upwel l ing
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Phytoplankton temporal variabil ity

https://svs.gsfc.nasa.gov/30786

INTRODUCTION: BIOGEOCHEMICAL KEY ROLE OF PHYTOPLANKTON
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https://svs.gsfc.nasa.gov/30786


Large uncerta int ies remain,  in  part i cu lar
o Globa l  est imates of  annua l pr imary product ion  wi th in a  factor  of  2  

(35–78  Gt  C  yr-1 ;  Carr  et  a l .  2006)  
o Inab i l i ty to  reso lve interannua l var iab i l i ty of  pr imary product ion  

Cr i t i ca l ly l imit our abi l i ty to  
o Quant i fy contr ibut ion  of  b io log ica l carbon pump to carbon

sequestrat ion

o Pred ict response of  mar ine  ecosystems and subsequent carbon
cyc l ing to  env i ronmenta l and  c l imate changes  

INTRODUCTION: BIOGEOCHEMICAL KEY ROLE OF PHYTOPLANKTON
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INTRODUCTION: HOW CAN WE OBSERVE/UNDERSTAND
PHYTOPLANKTON VARIABILITY?

Large range of spatio-temporal variabil ity
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INTRODUCTION: HOW CAN WE OBSERVE/UNDERSTAND
PHYTOPLANKTON VARIABILITY?

+:  G loba l  coverage

+:  H igh  spat io-tempora l reso lut ion
- :  Sur face  on ly  (1 st opt ica l  depth)

+ :  vert i ca l  reso lut ion
+:  more  var iab les
- :  spat io- tempora l  coverage

+ :  b o t h  “ + ”  o f  s a te l l i te s  a n d  i n  s i t u  o b s .

+ :  a l l o w  t o  s e p a ra te  t h e  p ro c e s s

- :  h a rd  t o  va l i d a te

A. Petrenko
H. Claustre
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1. HISTORICAL RADIOMETRIC SATELLITE OBSERVATIONS
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1. HISTORICAL RADIOMETRIC SATELLITE OBSERVATIONS

Coastal Zone Colour Sensor (CZCS) (1978-1986)
Satell ite Nimbus 7 
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1. HISTORICAL RADIOMETRIC SATELLITE OBSERVATIONS

• Date predominate ly des igned for water  remote  sens ing

• Measured ref lected so lar energy in  s i x channels ,  at  a reso lut ion of  
800m

• was operated on an  intermittent  schedule and co l lected data  on ly 2h/d

Coastal Zone Colour Sensor (CZCS) (1978-1986)
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1. HISTORICAL RADIOMETRIC SATELLITE OBSERVATIONS

Coastal Zone Colour Sensor (CZCS) (1978-1986)

https://oceancolor.gsfc.nasa.gov/data/czcs/datacollect/
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Coastal Zone Colour Sensor (CZCS) (1978-1986)

https://oceancolor.gsfc.nasa.gov/data/czcs/datacollect/
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1. HISTORICAL RADIOMETRIC SATELLITE OBSERVATIONS

Coastal Zone Colour Sensor (CZCS) (1979-1986)
What did we learned? (some examples)
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2. MODERN RADIOMETRIC SATELLITE OBSERVATIONS

Sea-viewing Wide Field-of-View Sensor (SeaWiFS) (1997-2010)
Satell ite SeaStar– NASA
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2. MODERN RADIOMETRIC SATELLITE OBSERVATIONS

Sea-viewing Wide Field-of-View Sensor (SeaWiFS) (1997-2010)

« Aside 1 »: 
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2. MODERN RADIOMETRIC SATELLITE OBSERVATIONS

Sea-viewing Wide Field-of-View Sensor (SeaWiFS) (1997-2010)
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2. MODERN COMBINED SATELLITE OBSERVATIONS

Combined satell ite observations
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Radiances :

LTOA=Top of atmosphère

Lr +La= radiation part from
molecules and aerosols backscatterd
from the atmosphere

Lg+Lf= specular reflexion
at the ocean surface + seawater foam

Lw= Marine radiance

Traitment :

1- Atmospheric correction

2. MODERN COMBINED SATELLITE OBSERVATIONS
« Aside 2 »: 

LTOA(l) =  Lr (l)  + LA (l) +  t(l).Lw(l)

1
2

L r
L A

Rayleigh + Aerosol

backscattering/absorption

LTOA
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Radiances :

LTOA=Top of atmosphère

Lr +La= radiation part from
molecules and aerosols backscatterd
from the atmosphere

Lg+Lf= specular reflexion
at the ocean surface + seawater foam

Lw= Marine radiance

Traitment :

1- Atmospheric correction

2- Bio-optical algorithms

2. MODERN COMBINED SATELLITE OBSERVATIONS
« Aside 2 »: 

LTOA(l) =  Lr (l)  + LA (l) +  t(l).Lw(l)

1
2

L r
L A

t.L w

L w

Rayleigh + Aerosol

backscattering/absorption

LTOA

Phytoplankton

backscattering/ absorption
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2. MODERN COMBINED SATELLITE OBSERVATIONS

Globcolour : - Ave (L2) 
- GSM (L1)

OC-CCI:  - (L1)
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2. MODERN COMBINED SATELLITE OBSERVATIONS

Some of them:     Globcolour : - Ave (L2) 
- GSM (L1)

OC-CCI:  - (L1)

à I n c re a s e s p a t i o - te m p o ra l c o ve ra g e ( i . e .  h i g h  f re q u e n c y )  
à A l l o w s t u d y i n g l o n g - te r m t re n d s  ( i . e .  l o w f re q u e n c y )  
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2. MODERN COMBINED SATELLITE OBSERVATIONS

V I RS S  S N P P

V I RS S  N O A A

O LC I
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Increase spat io-temporal coverage



2. MODERN COMBINED SATELLITE OBSERVATIONS
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Increase spat io-temporal coverage



2. MODERN COMBINED SATELLITE OBSERVATIONS
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Increase spat io-temporal coverage

à Allow invest igat ing regional and high frequency
(dai ly)  dynamics

à Climate qual ity t ime-ser ies



2. MODERN COMBINED SATELLITE OBSERVATIONS
42

àbiais due to observations consistency

Challenge to build cl imate quality time-series



2. MODERN COMBINED SATELLITE OBSERVATIONS
43

Cha l lenge  to  bu i ld c l imate qua l i ty t ime-ser ies

2002-2021 trend analysis of  merged Chl  product :  contrasted results
(Mono sensor)

P a u t h e n e t e t  a l .  ( G R L  2 0 2 4 )
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Cha l lenge  to  bu i ld c l imate qua l i ty t ime-ser ies

2002-2021 trend analysis of  merged Chl  product :  contrasted results
(Mono sensor)

GSM
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2. MODERN COMBINED SATELLITE OBSERVATIONS
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Cha l lenge  to  bu i ld c l imate qua l i ty t ime-ser ies
2. MODERN COMBINED SATELLITE OBSERVATIONS
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Cha l lenge  to  bu i ld c l imate qua l i ty t ime-ser ies

P a u t h e n e t e t  a l .  ( t o  b e s u b m i t t e d ,  G R L )

GSM

Paut he ne t e t  a l .  ( GR L  2 0 2 4 )



2. MODERN COMBINED SATELLITE OBSERVATIONS
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Cha l lenge  to  bu i ld c l imate qua l i ty t ime-ser ies

2002-2021  2002-2011  2012-2021  



2. MODERN COMBINED SATELLITE OBSERVATIONS
47

Cha l lenge  to  bu i ld c l imate qua l i ty t ime-ser ies

Recent trends seems not supported by environmental changes

P a u t h e n e t e t  a l .  ( G R L  2 0 2 4 )



2. MODERN COMBINED SATELLITE OBSERVATIONS
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Cha l lenge  to  bu i ld c l imate qua l i ty t ime-ser ies

Conclusion

• Challenge/biais due to observations consistency
• Be cautious
• Try to double check using different ways

P a u t h e n e t e t  a l .  ( G R L  2 0 2 4 )


