AQUATIC ENVIRONMENTS

SEAS
AND COASTLINES,
IN THE SPOTLIGHT

Over 70% of our planet is covered in water. The coastal areas
that border seas and inland waters host ecosystems that are
especially rich, but subject to extreme anthropic pressure.
Remote sensing has become essential to better understand and
safeguard precious aquatic and coastal resources.

Coastal regions are made up of a mosaic of
terrestrial and aquatic ecosystems that very
often have, by their very nature as transitional
areas, crucial ecological value. They contain
a distinctly greater biodiversity than inland
regions and offer an exceptional variety of habitats such as coral reefs, mangroves, marshes,
estuaries, etc.

The BELCOLOUR-2, GEOCOLOUR, BEL-GOYA, JELLYFOR, MICAS, SEASWIR, RE-COLOUR, BESST, HISEA, INSHORE,
ALGASED and RESORT projects have been financed by Stereo II, the Belgian science policy (BELSPO) research programme for
Earth observation.
More information: eoedu.belspo.be > teacher’s corner ; eo.belspo.be > Directory > Projects
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Relevant figures
According to the United Nations Atlas of the Oceans, 44% of the world population lives less
than 150 kilometres from the sea.
Over 90% of world transport of merchandise takes maritime routes.
Floating domestic waste is composed of 80% plastics.
According to the FAO, the activities of fishing and aquaculture provide the means of sustenance for 12% of the world population.
The latest report from the IPCC (Intergovernmental Panel on Climate Change) states that:
• there is an average increase in the temperature of the oceans of 0.1°C per decade for the
first 75 metres of depth;
• the sea level is estimated to rise at 3.2 millimetres per year on average;
• the oceans have absorbed 30% of anthropic emissions of CO2.
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This night image of Earth
gives an overview of the
distribution of the world’s
population.

But these regions are also highly sought after
by the residential sector and often constitute
major economic hubs, at the centre of transport,
fishing, tourism and energy activities.
The anthropic pressure on coastal areas continues to increase.
Intense maritime traffic leads to pollution of
the oceans and coasts, in particular by hydrocarbons (sometimes accidental, but very often

operational discharges). These are added to
the urban effluents, industrial discharges,
agriculture residues and domestic waste that
constitute the main sources of pollutants. The
consequences are twofold; on the one hand,
toxic substances accumulate in the food chain,
and on the other hand, the increase in nutrients
(like nitrogen or phosphorus) alters the quality
of the water, increasing the production of algae
that exhaust the oxygen dissolved in the water.

THE COLOURS OF WATER
Fishing is another vital sector: sea products
constitute a significant share of the food supply
of 3 billion people. For several decades, the total
volume of fishing has increased continuously.
As the rate of exploitation is more rapid than
the rate of reproduction, there is an alarming
decline in fishing reserves (fish, molluscs, crustaceans) on the global level. In addition, overfishing and its destructive techniques devastate
sea beds and affect ecosystems essential for
both the primary productivity of the oceans and
for other marine species like dolphins, turtles
and seabirds.
This aerial image covers a
6 km long strip east of
Ostend. Coastal and inland
water areas affected by
adjacency effects are represented in red.

This drop in productivity is further exacerbated
by the increase in temperatures and the acidification of the oceans. Climate changes also in
fact have a major incidence on marine environments and coastal areas. Aside from the effect
on fishery reserves, the expected consequences
are an exacerbation of the impact of some hurricanes and cyclones as well as water expansion.
Along with melting sea ice, this leads to an
elevation in sea level. Moreover, surface water
also has a significant capacity for absorption of
CO2, resulting in an acidification of the water
that is harmful to the development of plankton
and calcification (shells, skeletons, coral, etc.),
which wreaks havoc on the equilibrium of the
food chain and ecosystems.
Land development, pollution and over exploitation, coupled with the consequences of global
warming, thus lead to a disturbing degradation
of marine and coastal habitats and rapid depletion of resources. In order to combat these direct
and indirect effects in a concerted manner, it
is necessary to be able to rely on more solid
and more complete scientific data at all levels.
Therefore, researchers observing the Earth are
striving not only to take advantage of all the
existing sensors, but also to prepare future
instruments for improved monitoring of these
highly sensitive marine and aquatic environments.

Seawater can take on various nuances of blue,
green or brown according to the types and
concentrations of suspended particles and
organic matter dissolved in it. If it contains few
particles, it will be clear and blue; if it is full of
phytoplankton (living or decomposing) and/
or mineral matter, it will look rather green and
cloudy. These ranges of colours are perceptible
by optical sensors like our eyes.... or sensors
onboard satellites. The aim of remote sensing
is to extract quantitative information on the
waters observed, like for example the chlorophyll
concentration, from reflectance data recorded by
these sensors. Such information, coupled with
sampling in situ and/or information incorporated into models, can be used for numerous
environmental and scientific applications: monitoring water quality, modelling ecosystems, the
dynamics of algal bloom, monitoring eutrophication, following sediment transport, etc.
The BELCOLOUR-2 project therefore sought to:
• improve the quality of certain existing products developed using optical remote sensing to
study coastal and inland waters;
• develop new products for important applications like estimation of primary marine production and the flux of CO2 between the atmosphere and the sea.
The researchers studied several optical phenomena, from the absorption and dispersion
of light by phytoplankton and mineral particles on the submicron scale (less than 0.001
millimetres) to their impact on the colour of
the ocean as seen by a satellite several hundred
kilometres away.
The results gathered by this large-scale project
conducted over five years are numerous and
range from the theoretical basis, including
image processing, to the development of
finished products directly useful to numerous
users:
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The highly turbid waters in
the estuary of the Rio de la
Plata between Argentina and
Uruguay are visible on the
MODIS images from the
AQUA satellite (left). Processing of the images with the
BELCOLOUR-2 methods produces turbidity maps (right),
expressed as standard FNU
units. At 500 FNU, the underwater visibility is reduced to
less than 1 cm, which is ideal
for fish larvae that want to
hide from visual predators.

During the June summer
days, brown-red colour
patches sometimes appear
in the North Sea. The
BELCOLOUR-2 researchers
could link these to a bloom
of microscopic Noctiluca
scintillans algae and developed
a method to detect them by
means of remote sensing.

• improvement in research in atmospheric
optics to ensure that atmospheric effects do not
contaminate the marine parameters;
• development of a method allowing the adjacency effects (the “surrounding influence”) that
create blurring in the case of observations close
to land to be avoided;
• development of new methods for detection of
two important species of plankton present in the
North Sea, Phaeocystis globosa and Noctiluca
scintillans;
• notable progress in estimating suspended
particles, turbidity, water transparency, primary
production and CO2 dissolved in seawater;
• advances in research on the evolution of
predatory fish that hunt by sight and in which
vision is genetically adapted as a function of the
underwater light available;
• production of maps and images of sea surface
temperatures (SST), concentrations of chlorophyll-a and total suspended matter (TSM) in

quasi-real time;
• development of software that adapts the data
from the SeaWiFS sensor for turbid waters.
To achieve these objectives, BELCOLOUR-2
established a high-level multidisciplinary
collaboration bringing together Belgian, French
and Australian teams with expertise not only in
aquatic optics and image processing, but also in
physical and chemical oceanography, ecophysiology of phytoplankton and marine ecology.
The project results have been used in about
thirty publications and a university training
module. They still hold numerous challenges for
a whole generation of researchers. In fact, in the
field, end users are always awaiting still more
complete information: more frequent data, finer
spatial resolutions, more detailed parameters
(for example, types and sizes of particles, in addition to their concentration)... and fewer clouds!

AQUATIC ENVIRONMENTS
The oceanographic research
vessel Belgica.

GEOSTATIONARY SATELLITES
TO AVOID CLOUDS
Most of the advances of BELCOLOUR-2 on the
spectral properties of ocean waters are based
on data coming from sensors such as MERIS,
MODIS or SeaWiFS, which are located in a polar
orbit approximately 750 kilometres above the
Earth. While their spatial and spectral resolution
is adapted to the observation of seas and coasts,
they provide on the other hand only a single
Map of concentrations of
suspended matter in the
water of the Channel, derived
from MODIS data on the
polar Aqua satellite.
Top: Original data with clouds
in white.
Centre: Automatic identification of suspect data.
Bottom: Reconstructed data,
with clouds replaced by the
best DINEOF estimations.
This technique has been
applied by the GEOCOLOUR
project to data from the
SEVIRI instrument on board
of the METEOSAT satellites.
Likewise, in the RE-COLOUR
project, DINEOF has been
successfully used to
reconstruct SST and chlorophyll-a concentration maps.

image per day of the site studied, which is of
course unusable if it is cloudy.
This is why researchers have turned their
attention to geostationary satellites, which are in
an equatorial orbit and orbit at the same speed
as the Earth. Remaining “fixed” above a single
point on Earth, they allow continuous observation of the North Sea throughout the day, generating dozens of images daily when the sky is
clear. A windfall of data! But it is still necessary
to extract from it information useful in studying
the colours of the ocean.
Historically devoted to telecommunications
and meteorology, geostationary satellites orbit
36,000 kilometres from the Earth. Providing
sufficiently precise data from such a distance is
a real technological challenge that has prevented
oceanography researchers from envisaging
geostationary satellites as sources of information
until now.
The MUMM (Management Unit of the North
Sea Mathematical Models) team is the first to
have demonstrated the usefulness of geostationary platforms and existing meteorological
sensors in mapping the suspended matter in
highly turbid coastal waters. Under its auspices, the GEOCOLOUR project therefore
aims to improve the quality and quantity of
the products of marine observation using data
from the SEVIRI sensor on board the Meteosat
satellites. This sensor, designed to detect clouds,
provides observations every 15 minutes. This
research also constitutes a feasibility study for
the development of future geostationary sensors
specifically devoted to the colours of the ocean.
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The researchers have developed SEVIRI image
processing techniques to estimate the turbidity
of the water and the quantity of underwater light
available to phytoplankton in the North Sea. The
data acquired during a two-year period have
been processed, compared to the measurements
made by sea buoys and combined with both the
Aqua-MODIS data and the DINEOF statistical
method which intelligently fills in the “holes”
in the clouds with the most probable estimates.
Data from the GOCI sensor, the first geostationary instrument devoted to the colours of the
ocean (with a spatial resolution of 500 metres)
was also used. GOCI was launched in 2010 by
the South Korean Space Agency to monitor the
coastal areas of the western Pacific.
The GEOCOLOUR project proved the advantages of using geostationary sensors to observe
the colours of the ocean. The high frequency of
image acquisition in particular allows the detection of variations related to tides, for example
sediment transport (which is impossible with

one image per day) and provides complementary
data on days with sparse clouds.
The results obtained have already been incorporated into the design of a new generation of
geostationary sensors flying over Europe and
devoted to the colours of the ocean, a programme planned by the European Space Agency
for 2020.
Another project, BEL-GOYA, has gone into
depth on these matters by specifically evaluating
the performance of polar and geostationary
sensors in mapping the TSM in river plumes
and very turbid estuaries. The results obtained
are compared according to the characteristics
of each sensor: frequency of acquisition, type of
spectral bands, etc.
BEL-GOYA is part of a project of the French
Space Agency (CNES) that is studying the dynamics of suspended particles in major estuaries
where biogeochemical exchanges between the
continent and the ocean take place.

Jellyfish alert!
The term “jellyfish” covers a number of species of gelatinous zooplankton. Most of them are harmless, but some are
harmful to fish and/or humans due to their toxic sting. This
is the case for Pelagia noctiluca, a species that fortunately is
not found in the Belgian part of the North Sea, but that is
responsible for numerous stings in the Mediterranean each
year; a massive invasion of them completely destroyed a
salmon farm in Northern Ireland in 2007. The economic
impact of these jellyfish on the aquaculture and tourism
sectors has encouraged researchers to better understand
their lifecycle in order to try to predict their appearance
along the coasts. In this context, the JELLYFOR project
sought to develop a warning service for arrivals of toxic jellyfish using satellite data as one of the sources for the model. The study regions chosen were Northern Ireland and
Catalonia (Spain).
The satellite data processing methods already developed for
the North Sea were extended and allowed automatic processing in quasi-real time (within 12 hours) of Envisat-MERIS and
Aqua-MODIS data over the two study areas. Complete time
series over 10 years of three parameters (SST, chlorophyll-a concentration, turbidity) were processed and analysed. The idea
was to compare the occurrences of jellyfish and the values of oceanographic parameters for different periods so as to deduce
the conditions favourable or unfavourable to development of jellyfish. The 10-year archive was therefore also incorporated
into a jellyfish warning model.
While the steps of the project related to processing of remote sensing data were developed successfully, the model itself is
not yet capable of producing reliable predictions. In situ measurements (on beaches and in the seas) and better validation of
the model are necessary and currently being studied for certain species in Belgium.
Incorporated into a project of the European Union and the European Space Agency, JELLYFOR has improved the software that
rapidly processes the voluminous archives of satellite data (for example, 10 years of daily data). It has been highly automated
and can now be configured for any point on earth, delivering its conclusions in just a few hours and almost without human
intervention. The software developed by the project could thus be useful for numerous other applications and regions.
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EXPLORING NEW SPECTRAL BANDS
While the better temporal resolution of
geostationary satellites offers advantages for
observation of marine environments, very high
spectral and spatial resolution offers other
advantages for better characterisation of the
water and its constituents. The MICAS project
used data from the APEX airborne hyperspectral sensor to map out the quality of coastal and
inland waters. Starting with three study regions
(Lake Constance in Switzerland, the Scheldt
in Belgium and the Wadden Sea in the Netherlands) and in partnership with the University
of Zurich, researchers developed a special
algorithm that is incorporated into an automatic processing system for APEX images.

The Gironde estuary as seen
by Landsat 8.

The project test regions are the estuaries of the
Gironde (France), the Rio de la Plata (Argentina,
Uruguay) and the Yangtze (China).
The BEL-GOYA project has concentrated on this
latter site, the extremely turbid waters of which
can be observed by the South Korean GOCI
sensor.
The project has allowed higher-performance
algorithms for atmospheric correction and extraction of TSM for these extremely turbid areas
to be developed and checked using the near
infrared (NIR) bands of the sensors devoted to
the colour of the oceans. These new algorithms
also allow better detection of clouds above very
turbid water and easier classification of pixels
regardless of the quantity of TSM in the water.
Thanks to the results obtained, researchers have
been able to formulate valuable recommendations on the design of future sensors devoted to
the colour of the oceans.

Designed to map out the concentrations of
chlorophyll, coloured dissolved organic matter
(CDOM) and suspended matter, it “corrects”
certain errors that commonly occurred with
previous methods (in particular errors related
to atmospheric effects). Applied to the APEX
images from the Wadden Sea, the algorithm
allowed a complete mapping of the concentrations studied to be generated in a very short
time. The airborne observations and derived
maps are in addition perfectly correlated with
field measurements. But while these latter
are only occasional, the APEX images provide
continuous spatial information on the water
quality at a specific time.
The MICAS project also revealed the potential of
the spectral bands in the short wavelength infrared (SWIR) for characterising the turbid waters
of estuaries and inland waters. Another project,
SEASWIR, therefore concentrated on this channel, very little used at present in observation of
surface waters (except for atmospheric corrections). In fact, clear water absorbs this part of the
spectrum to a great extent. The spectral response
of the constituents of water at these wavelengths
is so weak in comparison with the responses
in the visible and near infrared that it has been
considered negligible up to the present, even for
very turbid water. But during the MICAS, project,
positive reflectance measurements in the SWIR
were recorded for the Scheldt and related to the
concentrations of suspended matter.
The SEASWIR researchers therefore postulated
a spectral response of water in the SWIR and
collected field data to determine the variability of
this reflectance. As special measurement instruments for water did not yet exist, they used an
instrument designed for land in three regions:
the Scheldt near Antwerp, the Gironde and the
Rio de La Plata. A clear signal could be recorded
in these three cases, and for both the Scheldt
and the Gironde, a relation could be demonstrated between the signal and the concentration
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of suspended sediments. The SWIR could thus
prove to be very useful in measuring the quality
of very turbid water, where the concentrations
of sediments and algae are such that the signal
detected at the shortest wavelengths often
reaches saturation. The European Space Agency
has moreover incorporated a SWIR channel into
the new instrument devoted to the colour of the
oceans onboard the future Sentinel-3 satellite.

MAPS WITH HOLES
The marine environment is extremely dynamic.
For many studies it is essential to have complete
time series of images available covering the
entire area observed. But these series often have
gaps due to the presence of clouds, data of poor
quality or the lack of acquisition at the desired
time. The RE-COLOUR project sought to use
the DINEOF algorithm (see above) to reconstruct the complete spatiotemporal information
concerning three parameters (chlorophyll-a,
TSM, SST) in the southern part of the North Sea
over a four-year period.
The technique was applied successfully and
complete series of data were produced for the
three parameters, as well as the associated errors.
Mean weekly and monthly values could be
derived from the regular daily reconstructions.
The technique also allows pixels that are “suspect” compared to the overall dynamics (pixels
generally originating from imperfect detection
of clouds) to be detected. The improved DINEOF
algorithm as well as the reconstructed fields of
TSM and chlorophyll-a have proven their usefulness in various types of environmental research.
The results pave the way for other applications in
processing and quality control of optical remote
sensing data.

Hyperspectral image of the river Scheldt acquired
by the APEX instrument and sediment concentration map.
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WATER TEMPERATURE:
NOT JUST FOR SWIMMING
Sea surface temperature (SST) is a fundamental
parameter in oceanography but also in meteorology and climatology. It characterises the
exchanges of heat and moisture between the
surface of the oceans and the atmosphere. Historically, as of the end of the 19th century the surface temperature was recorded from ships, and
then by sea buoys, but since 30 years it is also
beeing measured by satellite sensors capable of
detecting the infrared (IR) and microwave radiation emitted by the surface of the water. These
satellite measurements offer high spatial (on
the order of a kilometre) and temporal (on the
order of several hours) resolution, but difficulties
remain; the IR radiation emitted by the sea surface is attenuated by atmospheric constituents,
mainly water vapour, and useful data come from
sensors with different characteristics and it is
sometimes difficult to combine them.
The AATSR sensor, which was onboard the Envisat satellite (decommissioned in 2012) recorded
the radiation both at the nadir (vertically) and
forward, allowing atmospheric corrections and

Sea surface temperature
map and delimitation of the
different study sites of the
BESST project.

therefore SSTs to be determined more precisely.
On the other hand, as its field of vision
was relatively narrow, the period necessary to
cover the entire Earth was 2 to 3 days. Other IR
sensors (like AVHRR on the MetOp-A satellite
and SEVIRI on Meteosat) do not have this dual
vision, but their distinctly broader scan width
allows the Earth to be covered with a considerably higher frequency (twice daily for MetOp,
every quarter of an hour for SEVIRI).
The BESST project researchers subsequently
sought to standardise the data coming from
these various sources. In partnership with the
Centre for Space Meteorology of Météo-France,
the team tried to combine the advantages of the
different types of sensors by improving the precision of the SST measurements while maintaining broad coverage. The DINEOF reconstruction
technique was adapted to produce corrected
versions of the SST maps of the European seas.
DINEOF fills in the missing data and areas of
difference between the datasets by finding the
spatiotemporal connections that relate them.
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Final classification of the
study area of the INSHORE
project, containing both
subtidal sediment classes
derived from sonar data and
beach sand classes derived
from airborne data.

MAPPING THE COAST ALL AT ONCE
The innovatively developed method has allowed
the disparities between the data from various
sensors to be reduced at both the spatial and
temporal levels. It is consequently planned to
implement it in the procedures of Météo-France,
a major supplier of SST maps in Europe and the
world. These improved SST measurements will
allow both weather predictions and climatological studies to be refined.
In the HISEA, project, the same team sought to
produce SST data that combine the advantages
of polar satellites (high spatial resolution) and
geostationary satellites (high temporal resolution). An advanced version of DINEOF was
developed and allowed data from the AVHRR
sensor in a polar orbit (2 kilometres of spatial
resolution, 2 images per day) and the SEVIRI
sensor in a geostationary orbit (6 kilometres
of spatial resolution, one every 15 minutes) to
be merged. Tested in the Mediterranean, the
method generated surface temperature estimates with better resolution, both spatial and
temporal. These results allow the daily variation
of SSTs, which are highly influenced by weather
conditions (rain, clouds, sun and wind) to be
understood, and their spatial variability to be
better determined.
The method has been successfully transposed
to another variable, namely suspended matter
in the North Sea, demon-strating its potential
for other regions and for new parameters, for
example surface salinity. A general code for the
new DINEOF-OI algorithm, applicable to any
parameter and any study area, has moreover
been made freely available to the scientific community in order to promote its widespread use.

It is now common to use satellite imaging to
study the dynamics of littorals. But study of the
intertidal zone, the part of the littoral between
the extreme limits of the highest and lowest
tides, requires techniques different from those
for other parts of the littoral. The INSHORE
project therefore explored the possibility of mapping the coastal belt all at once so as to be able
to study the morphology of the littoral and the
dynamics of sediments. A field campaign was
organised over 4 kilometres of coast in Ostend.
To protect the city, the beach in Ostend received
significant additional sand between 2004 and
2008; an overall map would allow the movement
of the sand due to waves, tides and storms to be
monitored.
The innovative approach of the project consisted
of combining data from airborne (hyperspectral,
LiDAR) and underwater (echo sounder, sidescan sonar) sensors. The detailed information
provided by the hyperspectral data allowed 16
classes of sand on the beach to be distinguished
(differentiated by grain size, water and iron
content and mineralogical composition).
By repeating the measurement campaigns,
displacements of sand could be detected.
To interpret them correctly, they had to be
compared however to the topographical variations in the beach. These were derived from
the LiDAR data regularly provided by the costal
monitoring authorities.
Underwater, an echo sounder was used to determine morphological changes (degree of compaction, rugosity, etc.) while side-scan sonar allowed
12 classes of sand to be identified. The study
gave priority to areas where the underwater
acoustic and airborne optical data agreed. The
maps produced have an unprecedented level of
detail. They accord perfectly with the data from
official biological monitoring studies or studies on the status of work on access to the port
channel. The method developed in the project
is therefore recommended for mapping coastal
areas with strong dynamics and for the study of
sedimentation when a high level of precision is
required.

The ALGASED team in the
field. Right: hyperspectral
image of the IJzermonding site
studied by the project.

THE NORTH SEA MUD FLATS,
A UNIQUE ENVIRONMENT
The coastal areas and estuaries around the
North Sea are of vital importance. Not only do
they constitute a barrier against floods and an
economic development area, but the intertidal
expanses also play a crucial role in the functioning of the ecosystems. Essential biological,
physical and chemical processes take place in
the mud flats, the riverbanks that are exposed at
low tide. The erosion of these expanses can lead
to a loss of productivity in this very rich environment and hinder navigation by accumulating
sediment in the channels.

The stability of the mud flats is affected by
external factors like waves and currents, but also
by the biophysical properties of the sediments
themselves. The ALGASED project studied
how to better understand the variability in these
biophysical properties at different spatial and
temporal scales, using multispectral and hyperspectral data from satellite or airborne platforms.
In collaboration with Dutch and British partners, the researchers concentrated on two lines
of research, characterisation and classification
of sediments, and quantification of the microphytobenthos (MPB), the unicellular algae that
form a biofilm several millimetres thick on
the surface of intertidal sediments. Two sites
of intertidal mud flats, The IJzermonding in
Belgium and The Molenplaat in the Netherlands,
were studied using hyperspectral, multispectral
and in situ data.
The project produced several advances:
• improvement in classification techniques
(unsupervised and supervised);
• characterisation of sediments using multispectral imaging;
• quantification of the MPB biomass and modelling of the primary production using two indices
(NDVI and Red Edge) that have proven to be
high-performance, robust and applicable to both
airborne and satellite imaging;
• finally, integration of all the types of data (field,
airborne, satellite) using a multi-scale approach
to produce complete maps of the biophysical
properties of the sediments.

The project provided end users with classifications of images for all the hyperspectral data,
sediment property maps and abundance maps
of biophysical properties. The methods developed pave the way for additional studies dealing
in particular with extrapolation to new data from
the areas studied or other sites, so as to validate
their general applicability to the ecosystem services of the estuaries.

MILLIONS OF M3 OF SEDIMENTS
TO DREDGE
Every year, dredging companies remove over 2
million m3 of sediment from the estuary of the
Scheldt, essential work so that larger and larger
container vessels can access the port of Antwerp.
One of the missions of the IMDC (International
Marine and Dredging Consultants) company,
based in Antwerp, is to advise dredging companies. It therefore needs precise and up-to-date
information on spatial variations in the turbidity in order to calibrate and validate models of
sediment transport and subsequently optimise
dredging operations and the siting of structures
in the harbour.
In this context, remote sensing constitutes a
source of valuable data to complement traditional extremely laborious sounding. The company
already has software, developed on the basis of
images acquired during a single flight campaign
conducted in the spring, allowing the suspended
sediments in the Scheldt to be mapped out.
The RESORT project is continuing the research
by evaluating the degree to which this software
can be transposed to all seasons and to other
regions.
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SPOT 4 image of Doha harbour and map of suspended
sediment plume in the wake
of the dredging boats.

From hyperspectral data, water samples and
optical measurements recorded for the Scheldt,
researchers have been able to develop an algorithm for mapping sediments that has proven to
be robust throughout the year.
The reproducibility of the method has been
tested in the port of Doha (Qatar) in the Persian
Gulf and in the Panama Canal, using satellite
images. The SPOT high-resolution multispectral
data allowed dredging boats to be identified, the

plumes of sediments in suspension in their
wake to be monitored and their size and direction to be determined.
The advances of the project have convinced
users (IMDC, dredging companies, and research
laboratories) of the added value of remote sensing for calibration/validation of the models for
sediment transport and for monitoring dredging
operations.

Sentinel-3 : many applications
In the framework of the Copernicus programme, the programme monitoring the Earth for the environment and the safety of
the European Union, the Sentinel missions of the European Space Agency include a marine monitoring component charged
with providing reliable, frequent data with geographically extended coverage on the status and variation of the oceans and
coastal areas. The Sentinel-3 mission will aim to establish a capacity for multi-instrument observation in order to generate
important marine parameters like the colour of the ocean, the surface temperature and the surface height in a precise way. In
accordance with the policy of free access to Sentinel data, these data will be made available free of charge to all users to fulfil
the needs of the various applications specific to the marine environment:
• Marine safety (ship traffic, areas of piracy, hydrocarbon pollution, etc.);
• Marine resources (fishery resources, fossil energies, minerals, wind, tidal, wave, and thermal energies, etc.);
• The marine and coastal environment (affected by natural processes, human intervention and climate change);
• Seasonal and climatic predictions (climate fluctuations, seasonal conditions, impact on phenomena like El Niño,
weather alerts in the event of extreme episodes, etc.);
• Marine ice (seasonal or permanent ice fields, drift ice).

