
Chapitre VIII - Télédétection

Instruments de la télédétection marine

Ex Nom du satellite porteur (nom du capteur; pas toujours mentionné)

1) radars MW et HF/VHF
 diffusiomètre → SSW

ex Seasat, ERS-1 (2), ADEOS (2), Quikscat

 SAR → vagues, structures dynamiques, SSW, nappes
ex Seasat (SAR), Cosmos, ERS-1 (2), Radarsat, Envisat (ASAR)

 Altimètre → topographie dynamique, SSW, SSH
ex GEOS-3, Seasat, Geosat, ERS-1 (2), Topex-Poseidon, Jason-1 (2), Envisat 

Pas sur satellite :
radar sol HF/VHF → courants, spectres des  vagues
ex  Cosmer (LSEET) < 35 km

2) radiomètres V/NIR - haute résolution
→   turbidité, fronts, nappes, structures bathymétriques, 
structures thermiques (Landsat seulement) 

ex Landsat, Spot (HRV, HRVIR), Adeos (Avnir), MOS, Resurs 

3) spectroradiomètres V - moyenne/basse résolution 
→  couleur de l’eau : chlorophylle, turbidité 
(+SST pour MODIS) 

ex Nimbus (CZCS) , IRSP-3 (4), Adeos (2) (OCTS, POLDER), Seastar (SeaWiFS), Terra-
EOS (MODIS), Envisat (MERIS), ADEOS II (GLI)

4) radiomètres IR/MW - basse résolution
→  SST

ex  NOAA (AVHRR), MOS, ERS

5)  radiomètres MW
→  SST, SSW

ex Seasat (SMMR), Nimbus (SMMR), DMSP, Mir

6) autres
• radar tournant (MIROS, VAGSAT)  →vagues
• INSAR →courants, vagues
• lidar → bathy + DOM, Chl 
• salinomètre (OSIRIS NASA, MIRAS CNES) → SSS
• radiometre MW + interferomètre (SMOS 2007) → SSS      
• GPS bi-statique        → SSW, SSS, vagues



Acronymes :

AVHRR = Advanced Very High Resolution Radiometer
ASAR = active SAR 
CZCS = Coastal Zone Color Scanner
HRV = Haute Resolution Visible
IR= infra-rouge (1.3 µm - 1mm)
MERIS = MEdium Resolution Imaging Spectrometer (300 m)
MODIS = Moderate Resolution Imaging Spectroradiometer (250m, 500 m, 1km)
MW= micro-ondes (1 mm - 1m)
NIR= proche infra-rouge (.7-1.3 µm)
OCTS = Ocean Color and Temperature Scanner
POLDER = POLarization and Directionality of the Earth's Reflectance
SeaWiFS =  Sea-viewing Wide Field-of-view Sensor (1.1 km; 4 km)
SAR = Synthetic Aperture Radar
SMMR = Scanning Multichannel Microwave Radiometer
SSH = sea surface height
SSS  = sea surface salinity
SSW = sea surface wind
V = Visible (.4-.7 µm)



SATELLITES FOR OCEANOGRAPHIC STUDIES

Seasat June 27, 1978 99 jours power system failure; 800 km orbite proche 
polaire; couvrant 95 % terre; SAR 25 m résolution

SPOT 
SPOT 4, launch, March, 1998
10 mètres en mode panchromatique ; ne distingue pas les couleurs (image en Noir et Blanc) 
20 mètres en mode multispectral (couleurs)

SPOT 5; lancé le 4 Mai 2002, fusée Ariane 4; évolue à 830 km d'altitude
Résolution 2,5 m au lieu de 10 m; tour de Terre en 101 mn; mode HRS Haute Resolution 
Stereoscopique: reconstitution 3D du relief terrestre "modèles numériques de terrain"
Futur: Pléiades (avec Italie) – observation optique de la Terre

Nimbus 7 Oct 78 -> mi-1986
CZCS: 420, 520, 550, 670  (20 nm ) Ocean color

700 - 800 nm Surface vegetation
10 500 - 12 500 nm Surface T

Satellite Capteur Orbite Depuis
NOAA (16) AVHRR polar Nov 81
SeaStar SeaWiFS polar

705 km
Sept 97

Meteosat Seviri geostat
EOS MODIS polar

705 km
dec 99 ?; 250, 500, 1 km
36 bandes UV, V, IR

ERS-1, ERS-2 (ESA) SAR
ENVISAT MERIS mars 2002 ?

300 m; 15 bandes V, NIR
ADEOS OCTS, POLDER

ADEOS (Japonese satellite) until June 97
Ocean Color and Temperature Scanner (OCTS) 12 bands visible + IR
Polarization and Directionality of the Earth's Reflectance (POLDER) CNES

angular characteristics of the earth's reflectance (14 directions)
scanned four times every 5 days

NASA Scatterometer (NSCAT)
active microwave radar to measure wind speed and direction over the oceans 

by
transmitting Ku band microwave pulse (13.995 GHz)

greenhouse gases etc

ADEOS II launched in 2000
Polarization and Directionality of the Earth's Reflectance (POLDER) CNES
SeaWinds ex NASA Scatterometer (NSCAT)



SeaStar satellite
SeaWiFS: Sea-Viewing Wide Field-of-View Sensor

low Earth, circular,parking orbit of 278 km with an inclination of 98 degree 20 minute ; solar 
panels with batteries
Band    Center Wavelength (nm)      Bandwidth
  1             412                     20
  2             443                     20
  3             490                     20
  4             510                     20
  5             555                     20
  6             670                     20  
  7             765                     40
  8             865                    40
LAC data (1.1 km au nadir) ; GAC (4.4 km au nadir)

OCM  Ocean Color Monitor (India) satellite: IRS – P4 (depuis 99 ?)

MODerate resolution Imaging Spectrometer (MODIS)
36 longueurs d’onde
satellites: EOS-AM, EOS- PM
NASA Earth Observing System (EOS)

Extrait de http://www.sat.dundee.ac.uk/modis.html



ENVISAT May 2000 5ans ESA polar
MEdium Resolution Imaging Spectrometer (MERIS) 1150 km

Spectral range: 390 nm to 1040 nm (soleil pas de nuages)
Spectral resolution: 2.5 nm 
Band transmission capability: 
Up to 15 spectral bands, programmable in position and width

ASAR (5.3 GHz ; C band) active SAR reflectivity (nuages ou non)
DORIS (Doppler Orbitography and Radiopositioning Integrated by Satellite)
ozone monitoring, stratosphere chemistry 

http://envisat.estec.esa.nl/

NOAA AVHRR – voir fin du cours et TD
 depuis 1081

Satellites signal delay coverage
LEO < 2,000 km 1/100 S 20X LEO = Low Earth Orbit
MEO 10,000 km 4X MEO = Medium Earth Orbit
GEO 36,000 km ¼ S X GEO = Geostationnary Earth Orbit

GEO – voice ok pour TV &data

Plateforme (ballon dirigeable/avion)
HALE High Altitude Long Endurance 20 km

http://envisat.estec.esa.nl/


Hammann et Puschell, SeaWiFS-2: an ocean color data continuity mission to address climate change, 
Remote Sensing System Engineering II, edited by Philip E. Ardanuy, Jeffery J. Puschell,
Proc. of SPIE Vol. 7458, 745804 · © 2009 SPIE

Figure 1 shows the sequence of NASA present and upcoming missions; there have been a number of 
international missions that have also contributed sporadically. While SeaWiFS and MODIS (Aqua) 
age, efforts are underway to launch the VIIRS sensor on NPP and NPOESS missions.



Vorovencii, Bulletin of the Transilvania University of Brasov • Vol. 2 (51) - 2009 • Series II
Hyperspectral sensors are characterized by the fact that they produce records in a large number of 
adjacent and narrow lanes thereby providing a very high spectral resolution. In this way, 
interpretations and analyses can be made of the remote images at the micro-level, highlighting the 
features of details which could not be underlined with multispectral sensors



ACCES AUX DONNEES /ADRESSES INTERNET

GRATUIT:

SST NOAA/AVHRR
http://poet.jpl.nasa.gov/
http://www.cdc.noaa.gov/map/
http://coralreefwatch.noaa.gov/satellite/archive/archive_chart_sst50km_2006.html
(twice weekly composite)

Couleur/SeaWiFS/MODIS

NASA :    http://oceancolor.gsfc.nasa.gov/

Altimétrie/Courants - TOPEX, JASON

http://www-ccar.colorado.edu/~realtime/global_realtime/geovel.html
Carte des courants géostrophiques déduits de l'altimétrie (latitude variant de 66 S à 37 N; 
n’inclut pas le Golfe du Lion ; valeurs par défaut donnent le Golfe du Mexique)

http://www.jason.oceanobs.com/ en français
http://www.aviso.oceanobs.com/fr/kiosque/les-plus-belles-images-de-l-altimetrie-autour-du-
monde/index.html
Les plus belles images des applications de l'altimétrie sous Google Earth : courants, 
tourbillons, géoïde, bathymétrie, .. 

PAYANT ou INSCRIPTION

Visible - SPOT

SPOT IMAGE (F) : http://www.spot.com/ depuis 1986
Résolution 2,5 m au lieu de 10 m; mode HRS Haute Resolution Stereoscopique: 
reconstitution 3D du relief terrestre "modèles numériques de terrain"

SAR - ERS1-ERS2

ESA : http://earth.esa.int/object/index.cfm?fobjectid=4001

et LANDSAT 
EURIMAGE : http://www.eurimage.com/
Landsat 7 data is not available for acquisitions after 31 May 2003, due to mechanical problems with the ETM+ 
sensor

et Vent et altimétrie
CERSAT (F) : http://www.ifremer.fr/cersat/

EUMETSAT     : http://www.eumetsat.de/en/
joint European/US polar satellite system. EUMETSAT plans to assume responsibility for the "morning" 
(local time) orbit and the US will continue with the "afternoon" coverage. It is planned to carry 
EUMETSAT instruments on the METOP satellite, developed in cooperation with ESA, for a launch in 
the year 2005.

http://www.aviso.oceanobs.com/fr/applications/geodesie-et-geophysique/bathymetrie/index.html?tx_a21glossary%5Buid%5D=108&tx_a21glossary%5Bback%5D=679&cHash=b57af5776e
http://www.aviso.oceanobs.com/fr/kiosque/les-plus-belles-images-de-l-altimetrie-autour-du-monde/index.html
http://www.aviso.oceanobs.com/fr/kiosque/les-plus-belles-images-de-l-altimetrie-autour-du-monde/index.html
http://www.jason.oceanobs.com/
http://coralreefwatch.noaa.gov/satellite/archive/archive_chart_sst50km_2006.html
http://www.cdc.noaa.gov/map/
http://poet.jpl.nasa.gov/


BOUEES ARGOS
http://www.clsamerica.com/argos-system.html

ex, Satellite Receiving stations:

ACRI (Sophia-Antipolis, France): http://www.acri.fr/French/esa.html
MERIS

Dundee (UK) : http://www.sat.dundee.ac.uk/
AVHRR, SeaWiFS, Seviri, MODIS
Or other site: http://www.neodaas.ac.uk/
 (NEODAAS =Natural Environment Observation Data Acquisition and 
Analysis Service)

DLR/ISIS (D): http://isis.dlr.de/

Applications
http://envisat.esa.int/live/
Assimilated OzoneField (North Pole)   
Cloud structures with MERIS data   
Near-real-time Sea Level Anomalies   
Mercator Ocean maps: Global Ocean Surface Temperature 
MERIS Level 1 "Image of the Day" 
MERIS Global Coverage Quicklooks 

This image shows the variation of the Gulf Stream 
velocities near the East coast of North America in the 
last 20 days. The images are updated daily and the 
velocities are in metres per second (to get the 
approximate velocity in knots, multiply by 1.9438445).

Since 22 July 2003 the Gulf Stream velocity fields 
derive from near-real-time radar altimeter data of the 
European Environmental Satellite Envisat. At the same 
time the mapped area was increased to show more 
upstream regions of the Gulf Stream. 

Source: DEOS (Department of Earth Observation and Space Systems, Delft University). 

http://www.deos.tudelft.nl/altim/gulfstream/
http://envisat.esa.int/live/
http://isis.dlr.de/
http://www.clsamerica.com/argos-system.html


http://oceancolor.gsfc.nasa.gov/cgi/im
age_archive.cgi?c=COASTAL

Winds blowing southward along the west coast of the United States -- because of friction and the effects of 
Earth's rotation -- cause the surface layer of the ocean to move away from the coast. As the surface water 
moves offshore, cold, nutrient-rich water upwells from below to replace it. This upwelling fuels the growth of 
marine phytoplankton which, along with larger seaweeds, in turn nourish the incredible diversity of creatures 
found along the northern and central California coast. 

Sensors such as SeaWiFS can "see" the effects of this upwelling-related productivity because the chlorophyll-
bearing phytoplankton reflect predominantly green light back into space as opposed to the water itself which 
reflects predominantly blue wavelengths back to space. 

The ocean areas of the above image (collected on 6 October 2002) are color coded to show chlorophyll 
concentrations. Land and cloud portions of the image are presented in quasi-natural color. 

A l’heure actuelle il n’y a que deux capteurs capables de détecter les UV :
1) DAIS (IRD) qui est actuellement équipé sur un avion.
2) FTHSI sur le satellite MightySat 2 qui appartient à l’US Air Force.
Il y a actuellement des propositions qui sont faites pour lancer un SeaWifs-2 qui serait capable 
de détecter les UV, et afin de réduire le budget pour sa mise en orbite il serait utilisé un petit 
lanceur tel que le Pegasus.
Remarque : SeaWifs continue de fonctionner alors que sa durée de vie théorique est terminée. 
(extrait présentation J. Derot, 2010-2011)

+ Photos de l’International Space Station (ISS), en l’air depuis 20 nov 98
http://earthobservatory.nasa.gov/Newsroom/NewImages/images.php3?img_id=17413

http://earthobservatory.nasa.gov/Newsroom/NewImages/images.php3?img_id=17413
http://oceancolor.gsfc.nasa.gov/FEATURE/IMAGES/S2002279205430.L2_HMBR.CaliforniaUpwelling.jpg
http://seawifs.gsfc.nasa.gov/SEAWIFS/sanctuary_3.html
http://www.ocean98.org/cacoast2.htm
http://www.atmos.washington.edu/gfd_exp/exp_e/glossary/ekman.htm
http://www.atmos.washington.edu/gfd_exp/exp_e/glossary/ekman.htm


Wave Patterns Near Bajo Nuevo Reef, Caribbean Sea







Morel and Prieur, 1977  Analysis of variations in ocean color, Limnol Oceanogr 22, 709-722.



Sensor 
parameters

IRS P3-MOS SeaWiFS IRS P4-OCM MODIS

Resolution (km) 0.50 1.1 0.360 1
Swath(km) 200 2801 1420 2330
Repeativity(days) 24 1(revisit) 2 1
Equatorial 
crossing (hrs)

10:45 12:00 12:00 10:30

Spectral bands 
(nm)

4085
4435
4855
5205
5705
6155
6505
6855
7505
8155
8705
9455
10105

41210
44310
49010
52010
55010
67010
76520
86520

41210
44310
49010
51010
55510
67010
76520
86520

412.57.5
4435
4885
5315
5515
6675
6785
7485
869.57.5

Radiometric 
quantisation

16 10 12 12

SNR ~400 ~500 ~350 ~1000

Algorithmes pour obtenir la concentration en chlorophylle, matières en suspension



                                                             (avec remerciement à P. Gernez, extrait de thèse 2009)







Exemple d'algorithme local pour obtenir la concentration en chlorophylle en eaux côtières
Tassan et al., Applied Optics 94



Exemple d'algorithme « généralisé » pour obtenir la concentration en matières en suspension 
en eaux côtières
Extrait de Ouillon et al., Sensors , 2008, 8, 4165-4185; DOI: 10.3390/s8074165
Optical Algorithms at Satellite Wavelengths for Total Suspended Matter in Tropical Coastal 
Waters

Proposal for a global algorithm with threshold
In an attempt to build a better global algorithm, we thus propose to merge the two best-
performing relationships in one formulation, following:



                                                             (avec remerciement à P. Gernez, extrait de thèse 2009)







En automne-hiver, le rapport B/V est au-dessus de la moyenne et la concentration en 
chlorophylle a tendance à être sous-estimée. L’hypothèse de Gernez (thèse 2009) est que:
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