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1.	  Defini*on	  

Classification of natural waters 

•  Phytoplankton chlorophyll 
(and degraded products) is the 
unique coloured constituent in 
Case 1 waters                   
(Morel & Prieur 1977) 

 

•  Case 2 waters are also 
influenced by terrestrial 
substances (NAP, gelbstoff) 
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Introduc*on	  
SATELLITE	  REMOTE	  SENSING	  OF	  OCEAN	  COLOR:	  A	  
POWERFUL	  TOOL	  FOR	  STUDYING	  PHYTOPLANKTON	  

+  Provide	  informa*on	  of	  
–  Surface	  Chl	  (proxy	  for	  phytoplankton	  biomass)	  
–  Spa*al	  domain:	  fine	  (km)	  to	  global	  ocean	  
–  Temporal	  domain:	  day	  to	  decade	  
	  

+  Global	  es*mates	  of	  ocean-‐color	  based	  primary	  
produc*on	  	  

+  Ac*ve	  development	  of	  new	  biogeochemical	  products,	  
(phytoplankton	  diversity,	  POC,	  carbon	  export)	  

See	  review:	  
McClain	  (2009).	  A	  decadal	  of	  satellite	  ocean	  color	  observa*ons.	  Annual	  Reviews	  of	  Marine	  Sciences,	  1,	  19-‐42	  



Spectral	  signatures	  

Results	  from	  light	  absorp*on	  by	  pure	  water	  and	  light	  absorp*on	  
(and	  backscaKering)	  by	  phytoplankton	  cells	  

Absorption spectra for water, CDOM, and 
phytoplankton

absorption spectra
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Spectral	  signatures	  

Slopes 
between blue 
and green 
wavelengths 
decrease with 
increasing 
chlorophyll 



But…	  

Different	  
phytoplankton	  
species	  absorb	  light	  
slightly	  differently…	  	  	  
resul5ng	  in	  different	  
Rrs	  spectral	  
signatures	  (regional	  
and	  seasonal	  natural	  
variatsions)	  
Babin	  et	  al.	  2003	  



d'

dJdh'

dJ['

dJ[h'

dJc'

dJch'

dJi'

dJih'

dJf'

fdd' hdd' jdd' kdd' ldd' edd'

E#
M#

"+
$%

"#
&A6

(B&

N$-#(#%8+>&A%=B&

.Mm['

.10"'

."1/'

&

O*'=&P'*6'%&$%6&N$%8&A0QQCB&
&

cJ'S1/0,);&#$+'+0##&+*0%,'

Rtoa(!)  = Rr(!) + Rra(!) + t " Rw(!), #(!1,!2) = Rra(!1) / Rra(!2) = (!1 / !2)n

@,8>+&$F.'*75'%&$%6&."$R#*,%8&FH&$,*&
='(#")(#.&AE$H(#,8>B&,.&"'=7)+#6&

@,8>+&."$R#*,%8&FH&$#*'.'(.&,.&"'=7)+#6&,%&
+>#&STE&$%6&#U+*$7'($+#6&+'&+>#&-,.,F(#&

!1 !2



Validation (match-ups with in situ data) 
 

 

 

 

 

 

 

 

 

 

 

MERIS matchups (in terms of rw) at the BOUSSOLE site, including the following 
wavelengths : 412, 443, 490, 510, 560, 670, 683 nm. The same data are plotted with a linear 
scale on the left and a log scale on the right, in order to highlight the low reflectance values of 
the red wavelengths. The solid line is the 1:1 line. The dotted line is a simple linear fit on the 
data. The slope and intercept of this curve are also indicated.  

2.	  Atmospheric	  correc*ons	  



3.	  Inversion	  algorithms	  

Rrs	  

PFTs	  

Chl	  

PP	  

PFTs	  

aph(λ)	  

PFTs	  	  aCDOM	  

bb(λ)	  

POC	  

ϒ	  

PFTs	  

POC:	  Par*culate	  Organic	  Carbon	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  PFTs:	  Phytoplankton	  Func*onal	  Types	  	  	  	  	  	  	  
	  

	  	  	  	  	  	  	  	  	  	  ϒ:	  bbp	  spectral	  slope	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  PP:	  Primary	  Produc*on	  



3.	  Inversion	  algorithms	  

Rrs(λ)	  

AOPS	  then	  IOPS	  

1.  Atmospheric	  correc*ons	  
	  	  	  	  	  	  	  Direc*onnal	  effects	  

Kd ≅ (a + bb) / cos(θsw) 

R ≅ f × bb / (a + bb)  

Kd(λ)	  empirical	  

Mueller	  (2000)	  

Werdell	  (2005)	  
	  

Kd(490)	  =	  Kdw(490)	  +	  0.1853×[Rrs(490)/Rrs(555)]1,349	  

a = aw + aChla + aNAP + ay 

bb = bbw + bbChla + bbNAP 

2.	  Semi-‐analy*cal	  rela*onships:	  

	  è	  
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General: OC4v4 
Regional: Chla(mg.m-3) =  2.094" [Rrs(443)/Rrs(555)]-2.357



3.	  Inversion	  algorithms	  

Going further….to phytoplankton groups 

The so-called Phytoplankton Functional 
Types (PFTs) are conceptual groupings of 

phytoplankton species, which have a ecological 
functionality in common (either in terms of the 

food web or biogeochemical cycles). 
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3.	  Inversion	  algorithms	  

Sources:	  
Cioz	  and	  Bricaud	  (2006).	  Limnology	  and	  Oceanography	  Methods,	  4,	  237-‐253	  
Cioz	  et	  al.	  (2002).	  Limnology	  and	  Oceanography	  
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	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Picophytoplankton	  (Sf	  =	  1)	  	  

	  	  	  	  	  	  	  	  	  	  	  	  	  	  Microphytoplankton	  (Sf	  =	  0)	  

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Mixed	  popula*on	  (0	  <	  Sf	  <1)	  

a p
h(
λ)
	  /	  
<	  
a p

h(
λ)
	  >
	  

Rrs	  

a(λ)	  

Sf	  aph	  (λ)	  
aCDM(λ)	  

Loisel	  &	  Stramski	  (2006)	  

Op*misa*on	  
CioC	  &	  Bricaud	  (2006)	  

Field	  data	  of	  concomitant	  phytoplankton	  absorp*on	  
spectra	  and	  size	  frac*ona*on	  experiments	  
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3.	  …to	  Primary	  Produc*on	  

20	  

Source:	  
Morel	  A.	  (1991).	  Light	  and	  marine	  photosynthesis:	  A	  spectral	  model	  with	  geochemical	  and	  climatological	  implica*ons,	  
Progress	  in	  Oceanography,	  26,	  263-‐306	  

+  Ocean	  color	  coupled	  bio-‐op*cal	  primary	  produc*on	  model	  

Conversion	  to	  carbon	  Absorbed	  light	  energy	  

P(λ,z,t)	  =	  	  	  Chl(z,t)	  a*(λ,z,t)	  E(λ,z,t)	  	  	  	  ϕc(z,t)	  

-  P	  :	  Primary	  produc*on	  rate	  (g	  C	  m-‐3	  s-‐1)	  

-  Chl	  :	  Concentra*on	  of	  chlorophyll	  a	  (mg	  m-‐3)	  

-  E:	  Irradiance	  (mol	  quanta	  m-‐2	  s-‐1)	  

-  a*	  :	  Phytoplankton	  absorp*on	  coefficient	  	  [m2	  (mg	  Chla)-‐1]	  

-  ϕc	  :	  Quantum	  yield	  for	  carbon	  fixa*on	  	  [mol	  C	  (mol	  quanta)-‐1]	  	  



4.	  Applica*ons	  

Mapping and analyzing bio-optical and biogeochemical 
products at different spatial and temporal scales… 



4.	  Applica*ons	  

Daily	  mapping	  of	  Chlorophyll-‐a	  concentra*on	  by	  MODIS-‐AQUA	  
7	  May	  2015	  
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4.	  Applica*ons	  
 

Primary production of the global ocean 
(Antoine et al. 1996) 



4.	  Applica*ons	  

Med. Sea OC4v4 

Med. Sea regional 

Bosc	  et	  al.	  	  
(2004)	  



Boreal	  winter/Austral	  summer	  

Boreal	  summer/Austral	  winter	  

micro	  

micro	  

nano	  

nano	  

pico	  

pico	  

:Uitz	  et	  al.	  (2010).	  Phytoplankton	  class-‐specific	  primary	  produc*on	  in	  the	  world’s	  
oceans:	  Seasonal	  and	  interannual	  variability	  from	  satellite	  observa*ons,	  Global	  

Biogeochemical	  Cycles,	  doi:10.1029/2009GB003680	  

4.	  Applica*ons	  
PHYTOPLANKTON	  GROUP-‐SPECIFIC	  PRIMARY	  PRODUCTION	  



Applica*ons	  
 

Impact of Climate Change 
(Martinez et al. 2009, Science) 
 

Multidecadal changes in global 
phytoplankton abundances are 
related to basin-scale oscillations 
of the physical ocean, 
specifically the Pacific Decadal 
Oscillation and the Atlantic 
Multidecadal Oscillation.  

This relationship is revealed in 
~20 years of satellite 
observations of chlorophyll and 
sea surface temperature. 



Op*cal	  depth(s)	  But	  op*cal	  depth	  is	  a	  limit	  of	  ocean	  colour	  satellite	  observa*ons	  
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