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Remote Sensing and Coastal-zone
Management

The objective of this chapter is to give several examples specific to coastal environments, based on
the investigations carried out in France and in particular at the IFREMER.

25.1 INTRODUCTION: GENERAL PROBLEM

Land cover and land use of coastal regions are today undergoing rapid changes, more particularly in
countries producing and exporting petroleum or mineral products. Other modes of coastal exploitation
have also become preponderant. Aquaculture is fast developing as is evident from the fact that 200,000
ha of ponds have bsen constructed in fragile zongs on the Philippine coast. Similarly, tourism has
increased in the Ancient World and some island states of the Caribbean, Pacific or Indian Ocean. In
the near future tourist activity will become world’s premier industry in terms of volume of business.
in almost all countries with a maritime front, there is migration of populations to the coasts: 2/3 of
world's population lives within 400 km from the sea. The impact of such activity is represented by:

—development of infrastructure: ports, airports, industrial, mining and energy complexes, offshore
petroleum production, agro-nutritional transformation, urban complexes, hotel and tourist infrastructure,
aquacultural installations, etc.

—transformation of natural zones: destruction of wet zones, reefs, natural vegetation in back
lands, rectification and protection of coastline, various types of pollution of marine environment, increase
in ecological hazards, etc. .

Increasing awareness of such hazards and the need for more efficient management are
experienced at all levels and are concretised by co-ordinated management procedures which most
often are supporied by legislation:

—in France, schemes for economic management of seas (SMVM), more recently territorial
management directives (DTA),

—in the United States, the Coastal Management Act, Middle Atlantic Coastal Resource Council,

—at international level, programmes such as COMAR (UNESCO), Regional Seas (PNUE), etc.
The European Union, concerned with this problem very early, launched specific experiments on
information and integrated studies on coastal zones.

Such legislations and procedures necessitate employment of planning and management products
derived from multiparameter information systems for which remote sensing constitutes a source of
data.

Coastal zones present the difficulty of linear type of extension with a land-sea interface and its
adjacent zones in all countries, independent of borders. This interface is under the jurisdiction of
several administrations whose prerogatives are often opposed to one other. Further, like in applications
described in other chapters, information furnishad ought to be multispatial, multiparametric and
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multitemporal. Thus in metropolitan France for example, the basic ge_ographic maps pgrtaiping o
litoral zones are of various types, various scales and adopted to various planes of pro;ecuo_n: ex.
topographic maps of the National Geographic Institute, marine maps of the Naval Oceanographic and
Hydrographic Service. ) ]

Y lngm:ny tropical-zone countries, very few precise and up-lo-date cartographic systems are available,
particutarly for sensitive and inaccessible regions such as mangroves and coral reefs.

25.2 SPATIAL OBSERVATION OF COASTAL ENVIRONMENTS

95.9.1 Littoral and coastal-zone objects

Itis difficult to define what constitutes the littoral zone since the phenomena pertaining to this interface
ial and marine.
e b:r?r;i\rr:easé:lilniastrative point of view, the extension of the coastal zone on the upstream, goastland,
side can be limited to the border of littoral communities and on the downstream (sea) s@e, 10 12
nautical miles. Based on environmental criteria related to water exchanges and fIOW§, it can be
considered to extend from the inland boundaries of waiershgds up to the zone of extension of these
Hlows into the sea. On the geographic and topographic bgsxs, it can range from a I§n§ zone of a
defined elevation (200 m for example) to the border of conllne‘ntal‘piatgau (bathyr\:\e}rlc hmnhof —200
m). For the following discussions, we limit ourselves toAthe marine Ilttorgl gong, l.eA,_to t. e zon?
bounded on the land by high-tide mark. Two types of environment can be dlstlpgulshgd in this zone:
_subtidal, situated below low-tide level; venue of influences, often combined with one anather,
emerging: (a) from the surface (sea swell, waves, currents,_wmds, pollutants such as hydroc]arb}gns,
ice, etc.), (b) from the water column (turbidity, temperature', discharge plL‘xmes,Awater bIcJ(_::mtsl_,I planl lon,
ete.), (c) from the bottom (shallow areas floors obsgrved in clear water m_opncal don_xam,i emse.ves|
consisting of various substrata, hard or soft, with or without vegetation, emerging irom anima
constructions such as coral reefs and with influence of the sea bottom on surface currents, detectable
i i ave band, efc.). ]
" me——?r:(t:;?t\?éal, situated in zhe balance zone of tides, comprising bare soils (sa}nds| mud, rocks, .etc.),
vegetation (plants in swamps such as mangroves, marine halophytesZ aigae, mlcroﬂora: sic.), admmallst
(mollusk banks, coral reefs, etc.), managed zones (oyster parks, basins, canals, breeding ponds, sa
pansl}leetxfi‘d):mon 1o a general linear disposition, the littoral zones are characterised by s'mall—size features
constituting highly varied landscapes whose structure results from_ naturai or grtmma! processes.
Lastly, the constituents of the littoral zones are highl?{ﬂuc]tua.tm? \;vg:n\;asnz:gs:r;?;:ny, random
mple) or periodic (hydrological regimes, phenoclogical regi .  etc.).
(Smrggnf:irdz);;gpthgse sf)eatures,( ityis pertinent io examine )n'hfat_her the Egnh-observat;gn s?/ztems
possess adequate spatial resolution and observational penodmxty 19 provide, on operationa atas,
data necessary for correct characterisation of surface phenomena in littoral zones, as complementary
to conventional ground measurements.

95.9.2 Littoral objects and specifications of aerospatial
observation systems

Preliminary analyses of adequacy between characteristics of coastg! environmentis and technical
performance of aerospatial observation systems (Klemas etal., 1980; Gle_rloff-Emden, 1982; Loubersac,
1983: Kiemas et al., 1987) have shown that present-day remote-sensing systems are not correctly
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suited for coastal-zone studies. There is incompatibility between hi
resolution required for these observations. This is a maj
resolution remote sensing to coastal investigations thaf

This incompatibility is illustrated in Fig. 25.1. An a
temporal resolution expressed in days (
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t do not involve dynamic phenomena.
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Fig. 25.1: Possibility of detection of marine and coastal phenomena by major sensors and platforms of present-day
Earth observation satellites (adapted, compieted and updated after Klemas et al., 1987, courtesy IFREMER).

The spatiai resolution (tens of metres) of systems such as SPOT or ERS enables with difficulty

operational characterisation of some of the human activities in littoral zones and certain natural
phenomena such as coastal erosion (except the specific case of strong sedimentary dynamics). On
the other hand, the very high resolutions of SPOT-5 (6 m) or Orbview-3 (4 m in multispectral and a
metre in panchromatic) and Quickbird (33 and 08 m respectively) are closer to the resolution
requirements for most applications in coastal zones.

gh spatial resolution and high temporal
or drawback hindering the application of high-

nalysis of the diagram {logarithmic scales) of
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The optimal temporal resolution, extremely variable dependir}g onthe appligation, is not sat;;fied
by the presently existing satellite systems (better than 3 days with ERS 13r t}/plcz}ldciggztr:]i:;gjzst)c;
i icati ing to tidal phenomena, monitering o
hus operational applications of remote sensing ; ring
-crurrentz and windsp(dispersion of wastes, resulting pofiutants, etc.) or navigation control are most
imited. ) ) ) )
OﬁenAllar?i;I platforms are better suited for coastal studies since &hey provide grognd resolution abr;r:
revisit frequency higher than those of today's high-performance satellites aFd ie;ml;:(?ggitarewn;igh
i f aerial systems are limited s i \
onboard sensors. However, the disadvaniages o | ) :
22515 of acquisition with increasing repetition, atmospheric constraints and tedious procedures of
eometric processing of data. ) . ) )
s Opera;t)ional characteristics of the major satellite or airborne sensg;s)tcz}r van?us:;x_x:xglsact)f;crsna;sft?:
f i fter Klemas et al., 1887). Use of certai
zones are summarised in Table 25.1 (adapted a ma ' piattoms for
i i i tindicated. it follows from the Table that op
me sensors is not technically feasible and hence no i
zgservaﬁon for monitoring coastal phenomena necessitates use of almost all the spectral bands and

Teble 25.1: Operational characteristics of remote-sensing systems for coastal studies
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all types available sensors, without however enabling presently reliable measurement of an important
hydrological parameter such as salinity. An optimum but technically difficult solution would be to combine
a multispectral scanner, a thermal scanner, a radar (especially imaging one) and a microwave
radiometer, all with a spatial resolution of less than 5 m and a revisit capability of a day or less, ona
single platform or on different platforms operating in phase.

The presently available multispectral data of optical and thermal bands and the SAR type radar
offer great potential for a number of applications, some of which are given below.

25.3 SPECTRAL CHARACTERISTICS OF LITTORAL
OBJECTS

Spectral responses of a water layer are given in Chapter 4 for optical domain and in Chapter 1 for
thermal infrared and microwave bands. Examples of application of thermal and microwave data are
discussed in Chapter 26. Spectral characteristics of objects of the maritime region in intertidal and
subtidal zones are described below.

25.3.1 Intertidal and subtidal littoral environments

The intertidal fittoral zone generally constitutes a 'mosaic’ of various biclogical communities, substrata
of varied geology and grain-size, moisture gradienis associated with inundation and exudation, all
disturbed by human activity (marine cultures, salt pans, various management activities, etc.). Varied
pixels and mixels represent these features.

The subtidal environments correspond to littoral zones permanently inundated by brine or sea-
water. The spectral response of the sea depends on the content of sediments or pigments {water
colour), nature of sea floor, action of surface wind, storms, currents, pollution, etc.

25.3.2 Mineral targets of intertidal zone (optical domain)

‘Pure’ mineral targets such as sands, muddy sands, mud and rocks exhibit monotonous spectral
characteristics between blue-viclet and near-infrared (see Chaps. 4 and 23). Only level variations are
detectable, which result from a number of factors such as natural colour of the substratum, water
cantent, organic matter, grain size, etc. Conirarily, the spectral response of sediments may be
considerably modified by suriace deposition of biological matter such as diatoms, indicating the presence
of microphytobenthos. Guillaumont et al. (1988) have shown that modification in spectral response in
the presence of a microflora is directly related to the content of pigments (chiorophy!l and
phaeapigments). Such a result is significant since microphytobenthos, with phytoplankton and
macrophyte algae, contributes to the primary production of coastal ecosystems, in particular in areas
where muddy-sandy stretches exposed to low tides are vast. Their temporal variation is very high and
the conventional methods of observation and measurement are difficult to employ.

25.3.3 Vegetal targets of intertidal zone (optical domain)

Spectral characteristics of intertidal vegetation are similar to those of terrestrial vegetation discussed
in Chapter 4. Three classes of intertidal vegetation are distinguished: macrophyte algae, marine
phanerogams and swamp halophytes.
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B Macrophyte algae

Compared to other higher forms of vegetation, algae show a large pigment diversity adapted io the
variability of their luminous environment (Levavasseur, 1986). Studies of various algae groups (green,
red, brown) show a low response between 400 and 500 nm (absorption by chiorophyif) and absolute
values of reflectance, beyond 700 nm, dependent on the conditions of light, cover and degree of
immersion. In the region 500-700 nm, reflectance indicates the diversity of pigments present (Fig.
25.2).

Y , Himantalia glongata
Chandus crispus . (Pheophycac)

40 —| (Rhodaphycae) \r\’ . -

Unva sp.(Chiorophycae)

30 -

Reflectance in %

20 —

Wavelgngth (nm)

T : T T
500 §00 700 800 900

Fig. 25.2: Example of spectral reflectance curves of various algae groups (after Guillaumont, 1991).

Although the range of variation is small, Viollier et al. (1985) have shown that this diversity of
pigmenis can be detected in wide bands of a HRV type sensor, which give the index XS1/XS2 (see
Chap. 4). This index can be used to differentiate major vegetal populations, provided it is verified that
the pixels analysed fulfil the condition of pure' target.

Using airborne remote-sensing data of high spatial (pixel < 5 m) and spectral resolutions and
supported by detailed ground spectroradiometric surveys, Bajjouk et al. (1996) have shown that the
13 spectral bands of the CAS! airborne imaging spectroradiometer, programmable for position and
width of spectra (see Chap. 2), can be optimally selected for discriminating major macroaigae of the
North Bretagne tidal flats. These positions representative of the principal species are shown in Fig.
25.3, with superposition of ground spectral curves.

On the other hand, specific growth of vegetal fronds and especially the horizontal disposition of
thallus and large density of leaf canopy of algae hinder penetration of sunlight into depth. Thus, for
brown algae, Ben Moussa {1987) has shown that normalised vegetation index (NDVI) reaches its
maximum from a thallus density of 4 (density attained quasi-systematically in situ).

A review by Guiliaumont et al. (1997) gives more information on principles and methods of remote
sensing of macrophyte algae.

B Marine phanerogams

These flower plants colonise sandy and muddy-sand zones, sometimes constituting large areas in
tropical regions {turtle grass). They show in emergence a planophylic posture like macrophyte algae.
In the case of seaweeds, a significant correlation is observed between biomass and normalised
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Fig. 25.3: Superposition of the CAS! bands and reflectance curves obtained from field measurements
(Bajjouk et al_, 1996).

vegetation index. On the other hand, spectral reflectance of a marine phanerogam plant shows variations
depending on the cover, which per se varies seasonally depending on the development of the plant.
Further, Guillaumont (1991) has shown that correlation can be established between a normmalised
vegetation index and an estimate of biomass. Diachronic analysis by remote sensing is one of the
methods of monitoring variations in these plants.

B Temperate maritime swamps

The halophyte plants of maritime swamps of the temperate (and cold) zones are erectophyles, generaily
smgll in size (unlike the piants described above). Their spectral characteristics indicate phenological
var!ations (perennial species, annual species, eic.) and the spectral response fluctuations may be
rapid and large depending on natural (earing, efflorescence) or artificial (mowing, grazing) factors
(Fig. 25.4).

In-situ plant populations can hence be characterised only by diachronic monitaring of spectral
responses:

Significant results have been obtained in the United States (Budd et al., 1982) in favourable
cases such as large stretches of practically monospecific vegetation of Spartina alterniflora and little
modification of the landscape by man. They led to mapping and quantification of biomass of plant
species of swamps, particularly through formutation of significant laws of correlation between biomass
and vegetation index.
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Fig. 25.4: Seasonal variation of reflectance of Scripus maritimus—Cimel radiometer (after Guillaumont, 1991).

For the European maritime swamps, Caillau et al. (1987) have shown that one should
simultaneously take into consideration the natural seasonal fluctuations of each component of
ecosystem and the calendar of activities corresponding to local characteristics (sometimes ancient
ones) of land use (dams, polderland, salt works, oyster culture, fish farms). Variation of these swamps
depends directly on the management of water resulting from these activities in full development.

B Tropical maritime swamps

Tropical maritime swamps generally correspond to mangrove formations, fragile forest ecosystems
since their genetic diversity is very much reduced (about sixty ligneous species constitute their flora)
and their ecological tolerance is very low (salinity gradient and daily duration of immersion in particular).
These are one of the most productive populations; dry aerizl biomass by weight is of the order of 300
tha~'in wet regions and primary productivity in the dense mangroves of Malaysia reaches up to 12 1o
15 tha=ty-1.

Several important studies have been conducted, especially in the optical domain, to prepare
inventories and cartographic zonings and to determine the characteristics of plant communities
(Aschbacher et al., 1995). Some of the investigations in France are those of Blasco et al. (1983},
Populus et al. (1988), Mougenot (1890) and Cugq et al. (1993).

In areas where a dry season exists, the mangrove zones are associated with dry brine marshes
situated behind them and are calied ‘salitrals’. The succession of landscape units of a tropical maritime
swamp in New Caledonia is shown in Fig. 25.5. Zones 1 and 2 correspond to mangrove forest proper;
zone 3 is a transition region between forest and bare soil colonised by one {or more) species whose
spectral characteristics are similar to those of temperate swamp plants (see the preceding section).
Zones 4, 5 and 6 correspond to bare muddy-sand sediment their radiometric response is similar to
that of mineralised zones but can be affected by algal cover of vegetal origin,

Combined use of the normalised vegetation index XS3 — XS2/X83 + XS2 and the brightness
index (XS1 + X52)"2 (see Chap. 4), based on spectral measurements, enables classification of the
principal units of this type of landscape: shrubby mangrove, transition zone and bare soils proper
{Loubersac, 1987). An application in pre-selection of aquaculture sites is given below.

25.3.4 Subtidal zone: hydrocarbon pollution

Spectral response of a water layer in the optical, thermal infrared and microwave bands is discussed
in Chaps. 1, 4 and 26. In this section, we will consider only surface pollution and, in particular,
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aquacultural sites in tropical zones, thematic mapping of seaweeds, detection of hydrocarbon pollution,
characterisation of surface states of sea and monitoring temperature variations of the sea surface.

25.4.1 Mapping of coral environments

Acquisition of precise and up-to-date geographic information on reef zones, lagoons or, more generally,
shallow-water zones characterising intertropical regions is most often a difficuit, time consurming and
expensive task, especially in the case of low islands or atolls. In fact, two situations are normally
encountered: -

—For the terrestrial part, low altitudes, soft formations (friability of soit and intensive erosion),
difficulty in acquisition of aerial data over far-off islands and small number of reference points for
photogrammetry complicate setting up of a complete geodetic network.

—For the maritime part, shallow depths necessitate a dense grid of sounding profiles. Sea-floor
variations and isolated reef knolls are often randomly distributed. Possibilities of precise location are
limited and optical or radic-electric ranges small.

In view of the above, an intensive base mapping needs to be carried out in tropical coastal regions,
both for environmental management and navigation. To facilitate such investigations, the Naval
Hydrographic and Oceanographic Service of France mainly employs satellite remote-sensing data.

In French Polynesia for example, management of maritime regions, consisting of lagoons, atolis
and high islands, poses problems due to development of pearl-culture activities, conflicting among
themselves and with other activities (such as fishery, tourism). Hence, spatial remote-sensing data
have been used for preparing ‘spatial maps' of these islands in regions for which conventional data
were not available or were fragmentary.

Based on the criteria of availability, identical standards {ground resolution, radiometry, format,
etc.), diachronic acquisition and compatibility between graphic and semantic precision for the proposed
applications, SPOT satellite data have been used. The method developed comprises:

—rectification of the image acquired under a basic preprocessing level (1A or 1B) to level 2A
(UTM);

—assaciation of a precise geographic grid (reference points obtained in situ);

—segmentation of the image inte 3 major zones: marine region, bare soils, vegetation;

—estimation of bathymetric levels (method explained in Chap. 4) and calibration of the model
with the aid of reference points of known bathymetric levels;

—completion of zones drawn from the preceding stages of processing by addition of external
features (topographic data, roads, etc.) to obtain a spatial map (see CD 25.1: prototype spatial map of
Manihi island, original 1:50,000, Loubersac et al., 1994).

Besides direct cartographic importance, the digital form of remote-sensing data and their geocoding
aliows restricting the number of cartographic reference points that enter in the geographic information
system for management.

25.4.2 Aquaculture management (raising tropical shrimps)

Shrimp culture is highly concentrated in littoral regions of developing countries, in zones that are not
always readily accessible and have incomplete or obsolete maps. This activity is mostly characterised
by construction of large ponds on land (a few thousand square metres to more than 20 ha of single
area). Shrimp raising is today gradually emerging as a destrayer of natural environment to the extent
of self-endangering by destruction of biotopes that are necessary for itself.

In fact, the most favourable zones for construction of shrimp-cuiture basins are ‘salitrals’, large
areas of flat terrain without vegetation, in the proximity of mangrove environments (Fig. 25.5). Initially,
farms are set up in ‘salitrals’ within mangroves where juveniles are raised to nourish them and where
the water is enriched and subsequently sent into the basins. These ‘salitrals’ are readily manageable
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and impact of management on environment is very often minimal. Such sites are favourable forintensive
shrimp cuiture.

When the bottom pressure becomes more, these farms spill over the mangrove, gradually
destroying it, with risk of destroying precious biolegical equilibria, including those that completely or
partly furnish their needs of juvenites. Such an overflowing of farms is due to high bottom pressure, as
well as due to incorrect location and characterisation of favourable zonss, i.e., ‘salitrals’, in the available
maps. The methods described earlier for tropical maritime swamps have been successfully applied to
high-resolution spatial images for various objectives: to locate favourable zones, quantify their areas,
identify their forms, furnish qualitative information on soil types and drainage patterns, determine land
cover in river basins on upstream side of sites and accessibility of zones through land or sea routes
and pre-select sites for pumping sea water necessary for shrimp cuiture.

These features, combined with external data, directly not available from remote sensing, such as
physico-chemical quality of water, productivity of zones, logistic constraints, economic constraints,
etc. enable preparation of pre-selection maps of sites in medium scale (mainly 1:50,000). Such maps
have been used for the first time in the inventory and management plans of aquacultural sites in New
Caledonia (Loubersac, 1987; Populus et al., 1990; CD 25.2).

25.4.3 Thematic mapping of seaweeds

Increasing industrial demand for algal material, and especially the fucal, has led to estimation of
exploitable stocks of seaweed, particularly in intertidal zones. Maps of species classification, estimates
of coverage and biomass quantity in situ and empirical models relating the vegetal cover measured
and biomass available have been developed from the resuits of investigations (see above; CD 25.3;
after Bajjouk, 1996).

Unlike brown algae whose extent and spectral characteristics are generally stable over time,
green algae exhibit very large variations in development and distribution, often associated with pollution
by excess nitrates. Monitoring and controf of their variation are difficult by conventional methods. Use
of species-discrimination methods in remote-sensing data (Populus et al., 1994) offers perspectives
of application in monitoring eutrophication of coastal environment, especially as support to modelling
these phenomena.

25.4.4 Detection of hydrocarbon pollution in sea

Techniques and methods for remote detection of hydracarbons dumped fraudulently or accidentally in
sea are mainly developed since the 1970s in the United States, Canada, Sweden and France. These
methods make use of various spectral bands {see above).

Thermal infrared bands (Fig. 25.6) have been and are mainly used in France by ‘Douanes’ and
‘Marine Marchande’ to detect fraudulent dumps of hydrocarbons (degassed) and to dissuade polluters.

A satellite equipped with radar enables detection of hydrocarbon slick any time. ERS-1 provided
shocking images of massive accidental poliution such as the one resuiting from the accident of the
‘Aegean Sea’ in the Spanish Corogne Bay in 1892. An example of radar detection of hydrocarbon
poliution offshore of Portugal is shown in Fig. 25.7. It must be noted that the present-day frequency of
acquisition of such information by satellites is not yet compatible with the operational constraints
encountered in the struggle against poliution.

25.4.5 Mounitoring surface state of sea by radar imaging

A good knowledge of regime of swells due to wind (amplitude and direction) is necessary for their
forecasting (in aid of navigation and tracking of ships) and for studies of sediment transport from the
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of sediments (proliferation on sandy zones} and temperature (proliferation in hot zones in spring) as
factors that explain development of seaweeds (Piricu et al., 1993).

The AVHRR (NOAA) data enables spaticiemporal characterisation of warming of surface water
by an interannual synthesis of its stages. For each year and for each image available, deviations of
temperatures relative to winter reference temperatures have been computed fora 12 x 12 km grid and
the interannual mean of deviations obtained. (CD 25.4 shows resuits of synthesis for three periods:
early May, end May and early July, heating of coastai zones of Bretagne in three periods and the mean
of observed thermal deviations relative to a winter reference; after Piriou et al., 1993; IFREMER/CEE/
Bretagne region).

This type of information provides a better understanding of dynamics of heating of bays and
protected zones in areas where seaweed proliferation has started and helps in explaining variations in
commencement of the above phenomenon depending on the site (heating laterin Lannion and Morlaix
bays in the west than in Saint-Brieuc bay in the east). Thus it forms an aid to predictive modelling
through betier understanding of the phenomenon.

25.5 CONCLUSIONS

Since the beginning of the 1970s, especially with the launching of the first Earth observation satellite
(ERTS 1 precursor to LANDSAT MSS missions), several space missions, viz., SEASAT in 1978, NIMBUS
7 of the same period, LANDSAT TM series since 1983, SPOT series since 1986, ERS series since
1992 and SEAWIFS in 1897, have furnished large amount of information on oceans and coastal seas.

Scientific and technical advances emerging from such data have been briefly indicated and
illustrated above. During the same period important developments have also taken place in airborne
remote sensing, as evidenced by organisation of international seminars on the subject since 1994.

It should be noted that specific characteristics of littoral environments impose constraints on
spatial and temporal observations and measurements which remote-sensing techniques cannot
necessarily satisfy.

Future perspectives of development in coastal applications of aerospatial remote sensing revolve
around three axes:

—very high spatial resolution {about 1 m) with new-generation satellites,

—very high spectral resolution {programmable) as suriace topography (CIDAR) which new airborne
missions may provide,

—development of sensors for water colour measurements (see Chap. 4),

—use of minisatellites ensuring a high repetition of acquisition through offset cycles of orbits.

On the other hand, independent of the technological and methodological developments specific
to remote sensing, a definite future exists in mixing and combining the georeferenced data with
conventional geographic data and digital modelling. That is why, at the levels of conceptualisation and
development of techniques, methodologies and applications, investigations are oriented towards close
linkage and synergy between data, methods and tools of remote sensing, hydrodynamic digital
modelling, hydrosedimentary or biological studies of ecosystems and geographic information systems.
Such synergy is essential for developing operational regional information systems for coastal zones,
{0 be used in decision making, in optimised choice and communication of environmental information.
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