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The Western Tropical Pacific Ocean: a blue ocean ?
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Vanuatu

N. Caledonie

Fiji 

Characterization of 
Chlorophyll a enrichments 
in archipelagos at 15°S
 Island mass effect ?
 Iron< sub-marine active 

volcanism?
 Trichodesmium

blooms?

MODIS NASA 4 km Chla

Oligotrophic, Deep chla max, NO3-depleted surface waters, Chla < 0.1 

µg.m-3…

Can we discriminate Trichodesmium from space ?



Algorithms for Trichodesmium
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Colonies of marine cyanobacteria Trichodesmium interact 

with associated bacteria to acquire iron from dust

Trichodesmium and other diazotrophs fuel new 

production through N 2 fixation. Photo shows a surface 

slick of Trichodesmium in the western South Pacific 

Ocean. Inputs of new nitrogen stimulate the growth of 

phytoplankton. New production can be exported out 

of the euphotic zone, drawing down surface 

concentrations of carbon. Photo courtesy of Daniel 

Ohnemus. Illustration by E. Paul Oberlander, WHOI.



Trichos samples Seamans cruise 20 October 2019 Lau Islands

Group

-18.381634°S 

178.636499°E

Near Dakuiloa Island and reef

-19.825105°S 

179.498191°E

Open ocean

200 samples

from slicks

in the whole SWTP
Can we discriminate Trichodesmium ?

Slick observations around Pacific Islands are essential !



Fiji

Viti Levu

Fiji

Suva

Trichodesmium slick, RV Alis

9 November 2020
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Début efflorescence en été austral

NC

Vanuatu

Fidji
Tonga

< JF Barader, Alis, return of the cruise Tonga Recup

Trichodesmium blooms are fixing N2 and CO2 at high 
rates



St 1- 2- LDA 3-4-5-6-7 -8-9- 10-11-12- LDB- 13 -LDC-14-15

http://oceancolor.gsfc.nasa.gov/MODIS/HTML/MelanesianTricho/

New Caledonia

Ouvea

500 km

Vanuatu

500 km

MODIS images of Chla December 2014

MODIS composite of Chla OUTPACE cruise: March-April 2015

Fiji islands

GIS-RS November-December 2022, Suva

Trichodesmium slick, RV Alis

Trichodesmium blooms may develop during 6 months

http://oceancolor.gsfc.nasa.gov/MODIS/HTML/MelanesianTricho/


New Caledonia Niue

March-April 2015: OUTPACE RV Atalante cruise Sections 0-70 meters
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Fiji

Trichodesmium blooms cross South Pacific archipelagos

Vanuatu Tonga
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Dupouy et al., 1990

Rousset et al., 2018, Biogeosciences

In situ observations of slicks (Dupouy et al., 

2011) used for coincidences with MODIS data

40 satellite observations with Coastal Zone Color Scanner, 1978-1984

Trichodesmium blooms are fixing N2 and CO2 at high 
rates
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Bell, 2021 (< Rousset et al., 2018)Rousset et al., 2018

NOVEMBER 2019 ALIS BARADER

Rrc: Rayleigh corrected, no aerosol correction

Rrs: Rayleigh corrected + aerosol correction

Discriminate Trichodesmium from space : estimate
Carbon flux 



The lagoons of the SW Tropical Pacific : blue ?
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MODIS image of the New Caledonia

lagoon after strong rain (250m)

Characterization 
of Chlorophyll a 
enrichments in 

lagoons :

 Coastal River 

impacts on 

coral reefs ?

 Coral 

sustainabilit

y ? 

(particles, 

contaminant

s)

Oligotrophic, NO3-depleted surface waters, Chla < 0.1-0.4 µg.m-3…

Chl a (mg m-3)

J. M Fernandez photographs



GIS-RS November-December 2022, SuvaCan we discriminate Chla, CDOM, turbidity, seabed color mosaic ?

The lagoons of the SW Tropical Pacific : blue ?

MODIS-DB products

(IRD Noumea, Lefèvre, 2010) 

Fiji Island of Viti Levu (250 m)

Characterization of 
Turbidity impacts in 

lagoons :

 Coastal River 

impacts on 

coral reefs ?

 Coral 

sustainability ? 

(particles, 

contaminants)



Algorithms for lagoon waters
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• Better Estimation of Chla in lagoons
• Better estimation of turbidity in lagoons
• First estimation of seabed color



SVM AFLC  

OC3 Chla

error

MODIS New Caledonia lagoon – estimation of Chla ?

Wattelez et al., 2016, Remote Sensing
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NC Lagoon Chla regional algorithm – Support Vector Regression SVR model (<Seabass+ NcDatabase Rrs/Chla
Chla maps (< MODIS)

OC3-NASA Our algo

Estimate of Chla
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Wattelez et al., 2022 Remote Sensing

Our algo -> 3 or 5 distinct seabed color classes

Standardization: by enhancing red channels, better definition: 5 classes instead of 3 !  

Sentinel 2 Koné lagoon – estimation of seabed color ?

Detect seabed colors



Wattelez et al., 2017 Water
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SVM Turbidity error

Koné lagoon turbidity algorithm – SVR model (< 80 coincidences of reflectance vs in situTurb, bathymetry known

Turbidity maps (< MODIS)

Ouillon et al., 2008, others Our algo

in situ (NTU)
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MODIS Koné lagoon – estimation of turbidity ?

C.B.O.M. Optical Model + Bathymetry + Bottom Color estimate (5 types)

Estimate of turbidity
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Laucala Bay

Sediments stirred after the Yasa

cyclone - South of Fiji

Singh et al., in prep

Whiteside et al., 2022

-> RGB 

492, 560, 665

-> Chl a -> Bbp440

OCsmart Sentinel 2 

calculated products
RewaSuva

RewaRewaSuva

Rewa

Suva Sentinel 2 Laucala Bay – estimation of turbidity, Chla, in the plume ? 
Rewa

-> CDOM ?

Impact of the Rewa river on ocean
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Algorithms : validation around volcanic
eruptions ? Tonga region

January 2022



Whiteside, Dupouy, Singh, Bani, Frouin, Frontiers in Marine Science, in review

2022

2019

Low chla in discoloured waters: false response of the Chla algorithm (1)

High chla in ashes-full waters: false response of the Chla algorithm (2)

Whiteside et al., 2019, Remote Sensing

MODIS Tonga eruptions – estimation of Chl a linked to pumice or ashes ? ?
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Impact of Tonga eruptions
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 Go further to discriminate Trichodesmium, the major nitrogen fixing species from other phytoplankton at 
sub-bloom concentrations

 Estimate Carbon sink  by Trichodesmium in the whole South West tropical Pacific

 Estimate the effect of Trichodesmium blooms on coastal areas around the Islands

Thanks to NASA PACE hyperspectral sensor !!!
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What remains to do (1) ?



 Analyse Sentinel 2 for surveys of the lagoon health :

 To follow health of water surrounding coral reefs

 To follow the freshwater runoffs at estuaries

 To follow the health of protected marine areas

 To estimate direction and surface of pollution plumes 

 To follow the health of fishing grounds

Thanks to NASA, JAXA, ESA
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What remains to do (2) ?

https://eo4society.esa.int/projects/ocean-virtual-laboratory/



 In situ continuous Bio-optical 

Observations to validate 
Satellite imagery

 (Buoys, autonomous 
radiometers)

Gliders ?
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What remains to do (3) ?
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FIJI

Viti Levu

50 km

Rewa River

Glider transect

St11

St19

St11

St19

Glider transect

March-April 2022

Sokowasa French-Fijian cruise: An example of glider use



 The SWTP ocean shows many enrichments of phytoplankton

and is a larger sink for CO2 that previously thought

 Effects of river outputs to nearshore environments are strong

 The use of Ocean Color satellite data should be generalized

 Process the S2 and MODIS archived data with adapted algorithms

Provide validated data to stakeholders

Use of turbidity and chlorophyll maps to survey lagoon health, 

at MPA areas and touristic zones

 Disseminate information, train MSC and PHD students to form

a Pacific  Ocean color Task Team

Contact: PaCE-SD, USP – COMETE project (Fonds Pacifique)
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Conclusions
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contact@reripa.com
https://www.pidf.int/reripa-call-3-living-labs-for-innovative-solutions-to-address-climate-

change-impacts/

9 December 2022


