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Earth’s rotation and gravity on their best!



Radio waves, microwaves, x-rays, gamma rays, and the spectrum of 
visible colors are all really the same thing: electromagnetic energy.

The differences are their wavelengths.
A photon of shorter-wavelength light packs and emits more energy than a 

photon of longer-wavelength light.

Light is part of the electromagnetic spectrum, fluctuations of magnetic and electric fields





The SeaWiFS Sensor
Sea-viewing Wide Field-of-View Sensor

Most remote sensing instruments (sensors) are designed to measure photons based on the photoelectric 
effect (reason for Nobel to Einstein): When a beam of light hits a material, electrons are emitted and 
scattered as reflectance. These are measured by the sensor’s detector. The magnitude of the electric 
current produced (number of photoelectrons per unit time) is directly proportional to the light intensity. 

Different materials undergo photoelectric effect release of electrons over different wavelength intervals.



The OrbView - # satellite carrying SeaWiFS sensor

OrbView - 4 OrbView - 2

Solar panels for energy – electronics – calibration equipment – antennas – reflectors – emitters 
– receivers – sensors – detectors. Ground control stations.



A satellite may carry many sensors



Different ways satellite sensors measure the Earth



Sensors:

Non-imaging: measure radiation received from all points in the sensed target, 
integrate this, and reports the result as an electrical signal strength or some other 
quantitative attribute, such as radiance (astrometric and geodetic applications).

Imaging: the electrons released are used to drive an image producing device 
(likeTV) guided by electronic detectors; since the radiation is related to specific 
points in the target, the end result is an image (environmental applications).

Radiometer is a general term for any instrument that quantitatively measures the 
EM radiation in some interval of the EM spectrum. If the sensor includes a 
component, such as a prism that can break radiation extending over a part of the 
spectrum into discrete wavelengths and separate them at different angles to 
detectors, it is called a spectrometer.

Spectroradiometer tends to imply that the dispersed radiation is in bands rather 
than discrete wavelengths. Most space sensors are spectroradiometers.



SATELLITE REMOTE SENSING

The passive and active Remote Sensing sensor systems.

Sensors absorb either the sun’s light reflectance to the earth (passive) 
or they transmit and absorb their own signal (active).

Different environmental parameters are measured by each sensor 
system. 



The geostationary and polar orbits of environmental satellites.
Sensors in geostationary orbit constantly monitor the same area of the 
Earth while sensors in polar orbit provide data for essentially all Earth’s 

surface.



Geostationary satellite

A geostationary orbit is a geosynchronous orbit directly above the Earth's equator.
From the ground, a geostationary object appears motionless in the sky.



Polar orbits

Satellite has a fixed orbital plane perpendicular to the planet's rotation.
It will pass over a region with a different longitude on each of its orbits.



MARINE SATELLITE REMOTE SENSING
Main Measured Parameters

Current:
SST (Sea Surface Temperature distribution)
Chl-a (Sea Surface Chlorophyll-a concentration)
PAR (Photosynthetically Active Radiation)
ALT (Altimetry)
WIND (Wind Speed & Direction)
…and a variety of derived measurements (sea level anomalies, sea 
currents, suspended sediments, etc)

Near-Future:
SSS (Sea Surface Salinity)

- Soil Moisture and Ocean Salinity (SMOS) by ESA: 2008
- Aquarius by NASA & Space Agency of Argentina: 2009



MARINE SATELLITE REMOTE SENSING
Main Satellite Sensors

Advanced Very High Resolution Radiometer (AVHRR): SST

Sea-viewing Wide Field-of-view Sensor (SeaWiFS):Chl-a, PAR

Moderate-resolution Imaging Spectroradiometer (MODIS): SST, Chl-a

QuikSCAT (Quik Scatterometer): WD, WS
SeaWinds: WD, WS

T/P (TOPEX/Poseidon): SL
ERS1/2 (Earth Resources Satellite): SL
Jason1: SL
EnviSAT (Environmental Satellite): SL



MARINE SATELLITE REMOTE SENSING
Measured Environmental Parameters

2 or 4 things to note

1. SPATIAL RESOLUTION (pixel size)
Is the spatial extent of our study area represented adequately by 
available satellite data?



MARINE SATELLITE REMOTE SENSING
Measured Environmental Parameters

2 or 4 things to note

2. TEMPORAL RESOLUTION (daily, weekly, monthly, seasonal)
Is the time period of our study represented adequately in the available 
time series of satellite data?



MARINE SATELLITE REMOTE SENSING
Measured Environmental Parameters

2 or 4 things to note

3. SPECTRAL RESOLUTION (how many different spectral bands)
Are available spectral bands of our satellite data adequate to describe 
our parameter of interest? Mostly yes!



MARINE SATELLITE REMOTE SENSING
Measured Environmental Parameters

2 or 4 things to note

3. RADIOMETRIC RESOLUTION (intensity sensors detect)
Is the resulted satellite image adequate to describe our parameter of 
interest?



MAJOR ONLINE RS DATA ARCHIVES



MARINE SATELLITE REMOTE SENSING 
Data Sources

Sea Surface Temperature

 DLR-EOWEB, Germany http://eoweb.dlr.de:8080/index.html

Spatial Resolution: 1.2km
Temporal Resolution: daily, weekly, monthly, 1993-onwards



EOWEB – DLR - SST

 DLR-EOWEB, Germany http://eoweb.dlr.de:8080/index.html



MARINE SATELLITE REMOTE SENSING

SST 2005



MARINE SATELLITE REMOTE SENSING 
Data Sources

Sea Surface Chlorophyll-a

  NASA-OceanColorWEB, USA http://oceancolor.gsfc.nasa.gov/

Spatial Resolution: 4km and 9km
Temporal Resolution: daily, weekly, monthly, 1998-onwards



OCEANCOLOR - SeaWIFS

  NASA-OceanColorWEB, USA http://oceancolor.gsfc.nasa.gov/



OCEANCOLOR – Aqua-MODIS

  NASA-OceanColorWEB, USA http://oceancolor.gsfc.nasa.gov/



MARINE SATELLITE REMOTE SENSING

Chl-a 2005



MARINE SATELLITE REMOTE SENSING 
Data Sources

Photosynthetically Active Radiation

  NASA-OceanColorWEB, USA http://oceancolor.gsfc.nasa.gov/

Spatial Resolution: 9km
Temporal Resolution: daily, weekly, monthly, 1998-onwards



MARINE SATELLITE REMOTE SENSING 
Data Sources

Sea Level Anomaly

   CNES-CLS-Aviso, France http://www.aviso.oceanobs.com/

Spatial Resolution: ~15km
Temporal Resolution: weekly, 1993-onwards



AVISO – FR Sea Level Anomaly

   CNES-CLS-Aviso, France http://www.aviso.oceanobs.com/



MARINE SATELLITE REMOTE SENSING 
Data Sources

Wind Speed & Direction

   RS Systems, USA http://www.ssmi.com/

Spatial Resolution: ~15km
Temporal Resolution: daily, weekly, monthly, 1999-onwards



RSDATA SYSTEMS - WIND SPEED & DIRECTION

   RS Systems, USA http://www.ssmi.com/



MARINE SATELLITE REMOTE SENSING

WIND SPEED & DIRECTION 2005



Modelled Data 
Data Sources

Sea Surface Salinity

    IRI-LDEO-CDL, USA http://ingrid.ldeo.columbia.edu/

Spatial Resolution: ~40km
Temporal Resolution: daily, weekly, monthly, 1999-onwards



UNIV. COLUMBIA - Salinity

    IRI-LDEO-CDL, USA http://ingrid.ldeo.columbia.edu/



3D DATA SOURCE BASED ON RS DATA + SURVEYED DATA

    MERCATOR, FR http://www.mercator-ocean.fr/



BATHYMETRY DATA SOURCE

    GEBCO One Minute Grid, British Oceanographic Data Centre http://www.bodc.ac.uk/



BATHYMETRY – EUROPEAN SEAS



FINAL IMAGE PRODUCTS (L3)

 L1 (raw data), L2 (corrected), L3 (image data)
 L3 ready-to-use
Provided in different distribution formats
Provided with image values 0-255
…with image-to-real values tables or equations
Classification



Classification Techniques

Unsupervised
Clustering does not 

require the user to 
specify any 
information about 
the features 
contained in the 
images but just the 
cluster number

Supervised
Spectral signatures are 

developed from 
specified locations in 
the image. Such 
locations are 'training 
sites' and are defined 
by the user.

Combined Classification



Combined Classification of SST , Chl-a , SAL 



RS L3 IMAGE DATA PROCESSING IN GIS

imagegrid may07.tif may07a

may07b = select(may07a, 'value > 0 & value < 255')

gridwarp may07b linkdd.txt may07

joinitem may07.vat sst.lut may07.vat value

4095.500 -0.500 42.855 28.052
2047.750 -0.500 16.500 28.052
-0.500  -0.500  -9.846 28.052
3455.500 4.928 34.574 28.104
3485.798 131.470 34.941 29.503
3163.239 129.842 30.815 29.504
3295.095 168.897 32.571 29.977
2256.027 199.196 19.125 30.277
22.832 200.087 -9.641 30.297

1,0.13
2,0.25
3,0.38
4,0.50
5,0.63
6,0.75
7,0.88
8,1.00
.,.
.,.
.,. 
249,31.13
250,31.25
251,31.38
252,31.50
253,31.63
254,31.75

image processing basic routine

georeference

image-to-real_value conversion



DATA HOLDINGS BY HCMR

Sea Surface Temperature
All SeaWiFS Products (Chl-a, PAR, etc)
Sea Surface Salinity
Sea Level Anomaly
Wind Speed & Direction
Bathymetry
Coastlines

Resolutions: European Seas, weekly, monthly



Marine GIS Intro and some examples



GIS

GI SCIENCE ::: GI SYSTEMS

Geographic Information Science (GI Science), the scientific content
to Geographic Information Systems (GI Systems), the technical content 
of GI Science, are both emerging and coherent science and technology 

fields with two important research streams:

research in basic GI Science (e.g. software integration, data scale and 
resolution, process models)

research using GI Systems (e.g. data modeling and integration, 
decision support)



GEOGRAPHICAL INFORMATION SYSTEMS

Examples of the variety of data 
types handled by Marine GIS. 

Points, lines and polygons are 
vector data type while satellite 
imagery and model output are 

raster data type. 

Under GIS relational databases, 
different data formats are 

uniformly stored and referenced 
through a common geo-reference 
system. Then, spatial integration 
and GIS analysis of different data 

types is applied.



GIS RELATIONAL DATABASE
(attribute data)



Examples of a vector GIS database including fisheries attribute data 
represented spatially by points, lines and polygons.



Overlay of vector and raster GIS datasets including anchovy attribute 
data (vector-points) and sea surface temperature (raster-colors).



GIS

are

linked to

many

other

disciplines 



The Essential Goal of Marine GIS 



Conceptual 
Model of 
Marine GIS 
Development 
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Manley, T.O. and Tallet, J.A. (1990). Volumetric visualization: An 
effective use of GIS technology in the field of oceanography. 
Oceanography 3, 23-29.

Meaden, G. (1994). The One That Got Away? GIS in Marine 
Fisheries. Mapping Awareness 8(7), 20-23.
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Marin
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Marin
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Marin
e GIS Book 4
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Marin
e GIS Book 5
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Marin
e GIS Book 6

2007 



Marin
e GIS Book 7

early
 2009 Marine Geographic Information Systems

Theory and Applications

By
Valavanis V.D., Wright D., Georgakarakos S., Kitsiou D.

To be published by
Springer-Verlag

A University Textbook targeting close-to-BSc and MSc-PhD fellows
including theoretical background on GIScience

and applied GISystems exercises in accompanied CDROM & website

A joined effort of:

–Hellenic Center for Marine Research, Greece: -Marine GIS Lab (furniture just received!)
–Oregon State University, USA: -Davey Jones' Locker Lab
–University of Aegean, Greece: -Fisheries Resources 
Management Lab

-GIS and Remote Sensing 
Lab



GIS Mapping of Ocean Processes

1. Marine Productivity Hotspots
Measurements: location, area, DSST, DChl-a

2. Mesoscale Thermal Fronts
Measurements: location, length, DSST, DChl-
a

3. Ocean Gyres
Measurements: location, area, DSST, DChl-a



Marine Productivity Hotspots (MPH)

MPH: lowSST/highChl-a anomalies

How are they computed:

1. Initial data: Monthly AVHRR SST and SeaWiFS Chl-a 
imagery

2. Production of climatology for SST and Chl-a
3. Production of monthly anomaly in SST and Chl-a

MPH: Selection in anomaly maps of simultaneous 
below-average SST and above-average Chl-a patterns



Marine Productivity Hotspots (grid)



Marine Productivity Hotspots (polygons)



Marine Productivity Hotspots with Fisheries Production



Marine Productivity Hotspots



Mesoscale Thermal Fronts (MTF)

Spatially connected sinks
with simultaneous

DSST < 0 and DCHL > 0 
patterns

are mapped as mesoscale 
thermal fronts



Mesoscale Thermal Fronts (coastal, shelf-break, open-water)



Ocean Gyres
(cyclonic/anticyclonic eddies)

Major Gyre/Eddy formations in SE Mediterranean:

1. Pelops Anticyclone
2. West Cretan Cyclone
3. Ierapetra Anticyclone

4. Rhodes Cyclone

METHOD:
ON-SCREEN DIGITIZING FROM SST IMAGES
WHERE GYRE THERMAL SIGNALS ARE STRONG



Mapping Area for Ocean Gyres

PELOPS ANTICYCLONE: warm water trap - low productivity
WEST CRETAN CYCLONE: cold water pump - high productivity
IERAPETRA ANTICYCLONE: warm water trap - low productivity
RHODES CYCLONE: cold water pump - high productivity



Ocean Gyres
(cyclonic/anticyclonic eddies)

Small-scale
Gyre/Eddy
Formations
in the Aegean
Sea

METHOD:

HERE GYRE
THERMAL SIGNALS
ARE WEEK BUT
DEPICTED WELL IN
ALTIMETRY DATA.

METHOD IS BASED
ON CONTOURING
OF SLA IMAGES.



GIS Mapping in Fisheries

Fish Distributions

Species Life history data

Essential Fish Habitats



Animation of cephalopod production data



Mapping of Major Catch Areas based on abiotic life history parameters



Mapping of Essential Fish Habitats (EFH)
based on environmental parameters



Mapping of Essential Fish Habitats (EFH)
based on environmental parameters

 



Environmental Approach to EFH Designation

Method overview: Surveyed datasatellite dataGAMsenv. rangesGIS

 Presence/Absence surveyed data

 Extraction of environmental parameters from satellite data

 Development of GAMs

 GAMs extraction of minimum and maximum environmental 
ranges

 Application of ranges to satellite images through GIS

 GIS selection of areas that are simultaneously characterized by 
all input environmental ranges

EFH mapping:



Relation of mesoscale fronts to the distribution of fish populations 



Relation of small-scale gyres to the distribution of fish populations 



HCMR HOLDINGS OF GIS PRODUCTS

 Mesoscale Thermal Fronts
 Marine Productivity Hotspots
 Ocean Gyres/Eddies
 Essential Fish Habitats



Loligo vulgaris unhatched eggs attached on arrowhead (Sagittaria spp.)
Heraklion, Mononaftis Bay, Crete Island, Greece (February 2000)

ECOSUMMER-Crete is over!    Many thanks for making it great!


