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Abstract. The development of the delta of the River Ebro
(Ebre) has, during recent centuries, been controlled by both
natural and man-induced factors. Deforestation by man of the
Ebro drainage basin favoured afast progradation of thedeltaic
system until this century, when many dams were constructed
alongtheriver Ebro anditstributaries. Asthe sediment load of
theriver has been retained behind the dams, theriver sediment
discharge has been drastically reduced and erosive processes
have become dominant in the Ebro delta coastal area, chang-
ing it from ariver-wave to a sea-wave-dominated coast. This
situation leads to areshaping of the nearshore deltaareaand a
redistribution of the pre-existing beach sediment, and signifi-
cant erosion has already occurred in some zones. If these
conditions continue in the future, severe changes will take
place in the Ebro delta, in addition to the effects of arelative
sea level rise. The future development of this delta may be
similar to that of abandoned deltaic lobes, but faster. The
present study shows how coastal changes generated by anthro-
pogenic factors can be faster and more drastic than those
induced only by natural factors.

Keywords: Anthropogenic impact; Beach sediment; Coastal
development; Erosive process; Sediment discharge.

Introduction

Deltaic coasts are influenced by the whole sedimen-
tation system in which they are integrated, from conti-
nent to ocean. In coastal areas, continental processesare
interrelated with oceanographic processes. The main
natural factors controlling the evolution of the coastal
systems include: (1) size, morphology and geology of
the watershed, coast and sedimentation basin; (2) cli-
mate, precipitation and river discharge and (3) hydrol-
ogy, waves, tidesand currents. In addition, theevolution
of many coastal systems has also been affected by
human activities, especialy during the last few centu-
ries. Deltas have been shown to be very sensitive to
theseactivities. Populationincrease, deforestation, waste
dumping, agriculture, mining and underground water
extraction and coastal and river management haveinflu-
enced the recent evolution of deltas in different ways.
One of the most important human actions affecting the
fluvial and deltaic systems during recent decades has

been damming. Dams retain solid loads transported by

theriver. Thisretention can bevery variable. For exam-

ple, itisonly ca. 30 % in the case of the Mississippi and
as much as 95 % in the case of the Nile (Milliman &
Meade 1983). This is a problem of many riversin the
world that are not in their natural state (Milliman &

Syviski 1992).

The Ebro delta is an example of a littoral system
whichisnotinanatural state. The evolution of the Ebro
deltalittoral system has been controlled by the interac-
tion of natural and man-induced factors during the last
few centuries. Deforestation, river management and
climate have affected the evolution of this coast by
changing the relationship among sediment supplies,
relative sealevel and marine dispersion processes. The
lower river Ebro was an estuary that has evolved to a
delta during the last millennium (from references in
Bayerri 1934). The present promontory of the Ebro
delta system (Fig.1) has mainly developed as a conse-
guence of human activities.

The progradation of this delta increased due to in-
tense deforestation in the Ebro drainage basin. This
deforestation was caused by changes of land use from
forest to agricultural activities, military purposesduring
warsand boat building during the period of colonization
during the 15th and 16th centuries. The progradation
rate was about 30 m/yr from the twelfth to the fifteenth
centuries. From 1500 to 1650 the shoreline progradation
ratesincreased by up to 50 m/yr at the river mouth and a
delta plain was built up (Fig. 2). The last phase of this
period, fromthe 17th to the 19th century, was character-
ized by alower mean shoreline progradation (ca. 10 m/
yr) caused by changesin thelocation of the river mouth
(Madonado 1972). According to discharge curves of
riverswith similaritiesto the Ebro, and to data recorded
by Carreras Candi (1911), the Ebro suspended sediment
supplies have been estimated to be a mean of about
25 x10 6 tonglyr in the last few decades of the 19th
century (GuillZn & Palanques 1992). The bed load in a
river with the characteristics of the Ebro delta can be
about 2-10% of the suspended load (Emmett 1984).
The intense river management that has occurred in the
Ebro system during the last few decades has drastically
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Fig. 1. Map of the Ebro delta. Numbered
pointsrepresent thelocationsfrom which the
data shown in Figs. 5 and 7 were obtained.

changed the sediment discharge and the deltaic con-
struction.

Thepresent study deal swiththesituation that coastal
changesgenerated by anthropogenic factorscan befaster
and more drastic than those induced only by natural
factors.

River management during the last century

The main type of river management during this
century has been dam construction (Fig. 3). Between
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1906 and 1930 some significant dams (200 hm3) were
built in the upper part of theriver Segreand severa small
capacity reservoirs (0.3-28 hm 3) werealso builtin some
of the tributaries of the Ebro. The mean amount of
suspended sediment transported by the river decreased
to 17 x10 © tons/yr in 1911 and to 14 x10 & tons/yr in
1935. A larger reservoir, the Ebro dam (540 hm3), was
constructed in the upper part of the river in the 1940s.
During the 1940s and 1950s severa reservoirs with
capacities ranging from 50 to 200 hm? were also con-
structed. In 1959 another important dam, the Y esa Dam
(470 hmd3), was located in the upper part of the River
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Fig. 2. Morphological evolution of the lower Ebro river and the Ebro delta plain during the last five centuries based on historical

charts from Maldonado (1972) and Call’s et a. (1988).
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Arag—n (one of the most important tributaries of the
Ebro). Most of these dams were located in the moun-
tainous areas of the upper course of the river and tribu-
taries, where sediment transport is more energetic. Ac-
cumulative retention of these dams decreased the river
sediment load beyond them very significantly, and the
sediment load reaching the lower Ebro course was al-
ready very low even before the construction of damsin
this zone. At the beginning of the 1960s, the amount of
suspended sediment discharged by the river was only
2.2 x10 8 tonslyr. In 1966 the largest dam of the Ebro
system, theMequinenzaDam (> 1000 hn3), wasbuiltin
the lower part of the river. In 1968 another important
dam was constructed in the River Cinca, the Mediano
Dam, whose capacity is 436 hm3. In 1969 the Ribarroja
Dam (136 hm?3) was built afew km downstream of the
Meguinenza dam. These dams retain sediment load

Table 1. Year of construction of the main dams, capacity (C)
and sediment discharge (SD) during the last century.

Year Dam C SD
(hm3) (t/yr x10 6)

Source

1880

Gorria (1880)*

1906-1930  severa 0.3-200

1911 - - 17 Carreras (1911)*
1934 - - 14 Bayerri (1934-35)
1940-1950  severa 50-200

1946 Ebro 540

1959 Yesa 470

1962 N - 22 Catal$n (1969)
1966 Mequinenza 1000

1968 Mediano 436

1969 Ribarroja 136

1983-1986 N - 0.15 Palanques (1987)
1988-1990 N 0.12 GuillZn & Palanques (1992)

from more than 95% of the drainage basin. During the
1980s, the Ebro only discharged between 0.12 X106
and 0.2 x106 tons/yr of suspended sediment to the sea
(Fig. 4) (Table 1).

At present the Ebro discharges into the sea are less
than 1% of the sediment discharged before the con-
struction of thedams. The accumulative sediment reten-
tion in each of the dams built along the Ebro and its
tributaries and the location of dams in the lower river
course are the main factors producing this huge reduc-
tioninriver sediment discharge. Dams have al so hel ped
to regulate river water discharge and to mitigate river
floods. Floods of morethan 3000 m3/stook place before
the construction of the dams. During these floods, the
river could transport huge amounts of sediment to the
sea (more than 106 tons/d). However, after the regula-
tion of water dischargeinduced by the dams, these high-
sediment discharge events have ceased to occur. During
this century there has aso been a genera trend of
decreasing mean annual water discharge with some
stages of high water discharge in 1915 and 1960. The
river water discharge has decreased from mean values
of 550 m3/s during the 1914-1935 period to 385 m 3/s
for the last 20 yr. The decreasing trend in the annual
water discharge has been continuous from 1960 to the
present. Thelowest dischargestook placemainly during
the eighties. In 1982, 1986, 1987 and 1989 the annual
mean was | ess than 250 m3/s.

The monthly water discharge of the Ebro isirregu-
lar. During the first few decades of this century the
highest mean monthly discharges were in winter and
spring with a mean of 900m ¥/s, and the lowest dis-
charges were in summer with a mean of 200 m3/s. At
mid-century these values had decreased to 800 and
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Table?2. Concentrationsof different contaminantsin sediment
(*) and suspended sediment (**) measured in the lower River
Ebro.

Contaminants Concentration Source

Total hydrocarbons 2.7mglg* Grimalt & Albaiges (1986)
lin C14-C24 1.0mg/g * Grimalt & Albaiges (1986)
lin C25-C39 1.7 mg/g* Grimalt & Albaiges (1986)
PCBs 17-61 ng/g * Tolosaet al. (1997)
ppO-DDT 5.3-14.5ng/g* Ballester et al. (1986)

Zn 230-290 mg/g ** Palanques et al. (1990)

Cr 280-300 mg/g ** Palanques et al. (1990)

Cu 80-94 mg/g ** Palanques et al. (1990)

100m 3/s respectively. During the last few decades the
maximum mean monthly discharges hardly reached 500
m?3/s, and there were dry periods longer than one year
during which water discharge ranged between 50 and
250 m3/s (GuillZn 1992).

This decreasing trend in mean water discharge can
be attributed to the human management of the river
water. The lower water discharge contributes to the
reduction in the river sediment discharge and, along
with the extraction of ground water, may have contrib-
uted to the increase in the salt ground water intrusion
and to the decrease in nutrients supplied to the Ebro
continental shelf. Although the nutrient concentrationis
increasing in the lagoons of the delta plain due to agri-
cultural activities (ForZs 1989; Comin et al. 1989), the
total amount of nutrients discharged into the sea could
have decreased as a consequence of the decreasein the
total volume of freshwater discharged into the sea.

Another effect of manOs activities is the chemical

pollution of the aquatic environment. Water contami-
nation reached high levelsduring thelast century when
domestic and industrial use of water increased and
chemicalsbegan to be used in agriculture. Urban, indus-
trial and agricultural wastes are incorporated in the
fluvial system which transports these substances along
its course. Some pollutants, such as heavy metals, are
retained in the dams, which helps to reduce the heavy
metal contaminationinthelower Ebro (Manriqueet al.
1986). However, in spite of this retention, suspended
sediment from this part of the river is significantly
contaminated by cadmium, chromium, copper and zinc
(Palanques et al. 1990). In addition, the lower Ebro is
also relatively highly contaminated with certain types
of pesticides from agricultural activities in the delta
(Ballester et al. 1986) and also by hydrocarbons
(Grimalt & Albaiges 1986) and PCBs (Tolosa et a.
1997) (Table 2).

The present situation of the lower Ebro

The lower part of the Ebro is a microtidal salt
wedge estuary (GuillZn & Palanques 1992; |ba—ez et
a. 1997b). The intrusion of the salt wedge is mainly
regulated by the water discharge and the morphology
of the river bed and the river mouth. Salt wedge intru-
sion usually occurs when the river water discharge is
lower than 400 m3/s. Usually, the head of the salt
wedge is ca. 14 km upstream in a topographic eleva-
tion (Gracia Island) when the river discharge is be-
tween about 150 and 400 m3/s. With lower water
discharges the salt wedge can intrude more than 25 km
upstream, beyond the city of Amposta.
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At present, the water discharge in the lower part of
the river is regulated by the last downstream dam,
which is required to deliver a minimum discharge of
about 150 m3/s for the necessities of a nuclear power
station located some km downstream. Near the delta,
up to 50 m3/s of water can betaken from theriver when
thetwo mainirrigation channel s of the deltaare opened
(Camp & Delgado 1987). Therefore, awater discharge
of about 150-200m 3/sismaintained in the lower part
of the river during dry periods when possible. This
regulation of the water discharge helpsto stabilize the
salt wedge position around Gracia Island in dry peri-
ods. Prior to the construction of dams, high and low
water discharge were more extreme and the salt wedge
may have intruded longer distances upstream and may
also have been pushed out of the river more often than
nowadays.

With salt wedge intrusion, the flow section of the
surfacefreshwater layer decreasesdownstream, causing
an increase in the velocity in this layer. When the salt
wedgeisca.14 km upstream at Gracialsland, thefresh-
water layer near the river mouth isonly ca. 1.5-2.5m
thick, with currents of up to 80 cm/s. Because of the
present river management, this situation ismaintained in
theriver mouth for longer periodsof time, without receiv-
ing new sediment supplies. This causestheerosion of the
lower river banksand an aggradational trend of theriver
mouth that favours the devel opment of the system back
again towards an estuary.

Of the sediment discharged by the Ebro, only the
sand fraction contributes to the nearshore dynamics.
Assuming that the bed load of the Ebro in natura
conditions could be 2-10% of the suspended load
(Emmett 1984), this river was able to discharge about
1-2 x10° tons/yr of sand before the construction of

dams.During the present conditions, the sand supplies
to the Ebro coast have been estimated at about 50000
tong/yr (GuillZn et al. 1992). Short-term changesin the
amount of sand supplied by the Ebro arerelated to water
discharge variations. Sand transport in the lower Ebro
only occurs when the water discharge is > 400 md/s,
without salt wedge intrusion (GuillZn et al. 1992).

The Ebro delta coast

The Ebro deltaisamicrotidal (<0.3m) storm-wave
dominated coast, with alow-period mean wave regime.
The most persistent waves in the study area are from
eastern (22%) and southeastern (15%) directions
(Greciaet d. 1989). Ca. 65% of the waves are seaand
the remainder 35% are swell. Wave periods range be-
tween 2 and 8 secondsand heightsarelower than4 mfor
98% of the time. Maximum wave heights are about 5-
6m from a northeastern direction. The mean offshore
significant wave height is 1m and the average mean
period isabout 3.5 s (Gracia et a. 1989).

Resulting long-shore transport rates from the mean
wave climate indicate a bidirectional pattern along the
Ebro delta coast (GuillZn 1992) which is shown by the
presence of the two spits. Cape Tortosa is the zone of
divergenceinthetransport direction. From Cape Tortosa
tothe Fangar side, thetransport istoward the northwest,
increasing in the same direction. From Cape Tortosa to
the Banya side the long-shore transport is towards the
southwest with maximum values at Cape Tortosa and
near to Trabucador Bar.

The wave power reaching the beach is controlled by
the shore-face bathymetry and the orientation of the
shoreline. The wave power magnitude in the northern
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Fig. 6. The Ebro delta shoreline in 1880 (dashed line) and in
1988 (solid line) (based on Call’s 1988).

hemidelta is lower than in the southern one. In the
northern hemidelta the wave power increases from the
river mouth towards the Fangar spit. In the southern
hemidelta the wave power decreases between Cape
Tortosa and Eucaliptos Beach, increases to the middle
part of Trabucador Bar and decreases southwards
(JimZnez 1996). In general, high wave power corre-
spondsto erosive zones, whereas low wave power indi-
cates deposition zones where the shoreline is currently
prograding (Fig. 5) (GuillZn & JmZnez 1995).

Present behaviour of the Ebro delta coast

As a consequence of the drastic decrease in river
sediment discharge, the action of marine processesdomi-
nates the present evolution of the delta coast. After
severa centuries of growth, the deltaic evolution trend
changed and the present delta became a wave-domi-
nated coast. The drastic decrease in the river sediment
discharge has produced a very intense reshaping of the
nearshore deltaic area. The central part of the delta has
experienced the greatest erosion, with amaximum shore-
lineretreat of morethan 2500m at Cape Tortosabetween
1880 and 1990. Trabucador Bar and most of the northern
hemidelta are also erosive. The spits experienced much
accretion due to the deposition of the eroded material.
The southern and northern spits have prograded around
1000 m during the last century (Fig. 6). These changes
have been more intense during the last decades.
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Fig. 7. Sediment mean grain sizemeasured in 1970 and during
the 1988-1991 period and resulting trend.

Cross-shore distribution of the sediment

The sediment distribution acrossthe shoreface shows
an offshore trend towars smaller particles. The mean
grain size ranges from 250 um at the shoreline to less
than 125 pm at 6 m water depth. The zone of the shore
face shallower than 4 m depth is a high energy zone
affected by continuous sediment transport caused by
waves. Mean waves could transport coarser material
than that available in this high energy zone, which
means that there is an excess of wave energy in relation
to the available sediment. The deficit of the coarse
sediment fractions, which remain trapped upstream be-
hind the dams, could help to generate a disequilibrium
between the wave energy and the sediment distribution
inthe shallowest zone of the shoreface. The deeper zone
of the shoreface is a low energy zone where sediment
textureisthe result of sporadic sand mobility occurring
during storm periods and mud deposition during fair
weather conditions. Offshore this zone (ca. 11 m water
depth), the transition to prodelta mud deposits occurs
(GuillZn & Palanques 1997).

Long-shore distribution of the sediment

The average mean grain size of the beach-face sedi-
ment along the Ebro delta coast ranges from 230 to 275
microns. In general, coarser sediment is present in ero-
sive zones, with high wave power and positive long-
shore transport gradients (Cape Tortosa, Trabucador
Bar and Fangar). Finer sediment is characteristic of
depositional areas, with lower power and negativelong-
shoretransport gradients (the apices of the two spitsand
the Eucaliptosbeach) (Fig. 5). Southward fromtheriver
mouth the sediment characteristics and distribution are
theresult of the reworking of earlier sediment deposited
in the nearshore. The presence of coarser sediment in
erosive zones can be associated with the more intense
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selective winnowing of the finest fractions and the
progressive coarsening of theresulting lag deposit. Ero-
sion areas supply the finer sand sediment which is
transported along-shore and deposited in accretional
zones. Northward from the river mouth the sediment is
finer because most of the reduced sand supplies dis-
charged from theriver at present, are transported north-
ward and are restricted to the northern hemidelta.

Changes in sediment texture

The changes in grain size on the Ebro delta coast
during the last few years, as studied from the consecu-
tive sampling of 150 stations along the Ebro deltabeach
face, show both coarsening and fining trends, but the
coarsening trend prevails (Fig. 7). This trend seems to
occur on the entire delta coast, both in erosional (e.g.
Trabucador Bar) and in accretional (e.g. La Banya)
zones and is probably mainly caused by the shortage of
river sediment and by erosional processes. The finer
sand fractions of the sediment can be progressively
winnowed from the initial beach deposit without being
replaced by new river sediment supplies. The gradual
winnowing of finer grain sizes in erosional zones can
produce the coarsening trend of sediment not only in
these areas, but also in accretional zones located
downdrift, because the sediment supplied from erosion
zones can be progressively coarser (GuillZn & JmZnez
1995). Superimposed on the general coarsening trend
there are grain size variations that may be related to
processes of a shorter period. These include changesin
the sediment supplied from the river into the nearshore
zone, variationsin the wave energy affecting the beach,
and man-induced actions, such as beach nourishment
(GuillZn & Palanques 1996). The estimated trend in
grain size is only characteristic of the study period; if
this trend were extrapolated to the past, the beach-face
sediment of the Ebro coast would have been mud 20 yr
ago. Thisisobviously not the case, and thissuggeststhat
the general changein the grain size showsan oscillatory
behaviour instead of alinear coarsening trend.

Main morphological features

At the Ebro delta coast, the main morphological
features are nine major long-shore bar and trough sys-
tems between the shoreline and the 6 misobath (GuillZn
& Palanques 1993). Bar systems show high mobility,
both cross-shore and long-shore. The cross-shore mi-
gration of these systemsis shoreward in erosional areas
and seaward in accretional areas. Thelong-shore migra-
tion is produced by the longitudinal growth of the bar
systems in the downdrift direction. The longitudinal
growth of the bars only occurs when there is sufficient
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Fig. 8. Sedimentary model of abandoned deltaic lobes affected
by coasta erosion and subsidence in the Mississippi Delta
(modified from Penland & Boyd 1981). Stage 1 = Erosiona
headland with flanking barriers. Stage 2 = Transgressive barrier
idand arc. Stage 3 = Inner shelf shoal.

sediment supplied to the nearshore zone. As most of the
sediment transported along the nearshore area of the
Ebro deltacomesfrom coast erosion, long-shoregrowth
of the bar systems occurs mainly in areas located near
the maximum shoreline erosion zones. When sediment
supplies are low, the morphological development tends
to be from a barred to a non-barred profile.

The major morphological changes in the nearshore
zoneoccur during storm periods. Storms produce shore-
lineerosion, cross-shoremigration and long-shoregrowth
of the bar systems. Storm waves combined with risesin
sea level, caused by low atmospheric pressures, can
produce overwashing along the deltaic beach (Guill Zn et
a. 1994). In along term perspective, the sharp decrease
in sediment supplies from the river could cause an
increase in the time necessary for natural regeneration
of the overwashed areas, which may favour the domi-
nance of the overwash processes producing the land-
ward migration of the deltabarriers. Theareamost often
overwashed is on Trabucador bar, the barrier-spit that
has devel oped during the last few centuries south of the
present Ebro river mouth, and that partially confinesthe
lagoon known as Alfacs Bay (Fig. 1). After an over-
washing event that occurred in October 1990, the
overwashed zone was artificially closed by means of a
sand dune extracted from the submerged back side of
the barrier. After some weeks, a significant part of the
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dune was taken away by the wind and by storm wave
action, and obviously the artificial dune did not survive
an overwash event. This dune has been rebuilt several
times sincethen. Thisaction iseffective only for ashort
period of time, and it probably helped to accelerate the
bar erosion in a medium term perspective, because the
sand from the protected side of the open seawave action
ismoved and exposed to the wind and storm waves.

Relative sea level variations

Therelative sealevel variations are not well known
in the Ebro delta. These variations can be produced by
subsidence and by eustatic changes. A subsidence of 2
mm/yr for the last 300 yr was estimated by Iba—ez et al.
(1996). However, the decrease in river water discharge
and the extraction of ground-water during the last cen-
tury could have increased natural subsidence as has
been observedin other deltaic systems(Emery & Aubrey
1991). Present subsidence rates could range between at
least 3 and 5 mm/yr (Iba—ez et a. 1996).

Recent eustatic changes in the Ebro delta area are
still not well known. The current rate of these changesin
theworld oceans was estimated to be about 1-2 mm/yr
(Gornitz et al. 1982). The present trend is that the
climate will become drier and more extreme at our
latitudes. Several climatic eventsthat take place around
the world nowadays, such as floods, desertification and
droughts, could beindicatorsof aclimatic change, which
may be favoured or even caused by man-induced ac-
tions. If global warming causes a sea level rise, deltas
would be one of the systems most affected by it.

Recent research combining subsidence and sealevel
rise data on the Ebro delta coast estimate arelative sea
level rise ranging from 1.6 to 7 mm/yr (JimZnez 1996),
generally from 4to 6 mm/yr (Iba—ez et al. 1996, 19974).

Discussion and Conclusions

At the present Ebro delta coast, storm action and a
potential relative sea level rise cannot be compensated
by river sediments, which are trapped by dams. Natural
and man-induced factors are forcing the Ebro delta to
adapt to the new conditions, which basically consist of a
99% decrease in the sediment input, a30% decreasein
thewater discharge and arise of several mm per year in
the relative sealevel. Up to now, these new conditions
have caused sediment redistribution and morphological
reshaping of the Ebro deltacoast. Thereiserosioninthe
higher wave energy areas, such as Cape Tortosaand the
southern bar and accretion in protected areas, such as at
the end of the spitsthat have developed at both sides of
the Ebro delta. The eroded beach sediment still feeds

some accretion areas, but sand deposits have been to-
tally winnowed at some points of the delta coast and
mud outcrops have begun to arise at the shoreline. At
present, erosive processes are dominant in the Ebro
delta coast which has changed from a deltaic
(progradational) to a storm wave dominated coast.

New environmental conditions have led to: (1) the
development of a salt wedge intrusion in the lower
course of theriver and amouth bar in theriver mouth for
long periods of time; (2) erosion of the river banks and
aggradation in the river mouth; (3) attenuation of river
floods; (4) dominant erosional processesalong the shore-
lineg; (5) apossible decrease in nutrients discharged by
the river to the sea; (6) an increase in the salt ground-
water intrusion; and (7) contamination of water and
sediment by heavy metals, pesticides and PCBs.

The main economic consequences of these changes
are (1) damage to agriculture, fishing and aqua-culture,
(2) damage to recreational areas such as beaches and
consequently damage to tourism and (3) damage to the
ecology of one of the few humid areas on the western
Mediterranean coast.

If the present conditions of low sediment discharge
and relative sealevel rise are maintained, the long term
(centuries) evolution of the Ebro deltamay be similar to
that of abandoned deltaic lobes affected by littoral ero-
sion and subsidence in areas of low tide range, such as
those of the Mississippi delta (Penlad & Boyd 1981)
(Fig. 8). The drastic reduction of sediment suppliesin
the Ebro delta could be equivalent to the sedimentary
situation of an abandoned lobe (GuillZn 1992). The
present stage of the Ebro deltacorrespondsto Stage 1 of
abandoned deltaic lobes, in which the eroded sediment
istransported longitudinally and accumulates at the end
of the spits. The end of this stage depends on the
depletion of the sediment source and on the relative sea
level rise. During Stage 2, the deltaic plain located near
the beach isflooded, forming an intradeltai c lagoon and
leaving an arch of barrier isands separated from the
main deltaic body. During Stage 3, the barrier islands
are submerged and the shoreline migrates landwards.
Each stage could last severa centuries but they can be
accelerated by the effect of anthropogenic activities.

Man-induced factors will continue to operate and
their effects will generate irreversible changes in the
Ebro delta coast unless some action is taken soon.
Present government action is aimed at preventing some
negative effects of the delta evolution by: (1) dredging
the mouth bar periodically; (2) beach nourishment in
some erosional areas; and (3) construction of artificial
dunes and groynes. These actions, together with severe
control of littoral development, water management and
contaminant load, can be locally effective in a short-
term perspective. Opening the old river mouth of Cape
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Tortosais being discussed by some specialists asaway
to alow the presently low river sand sediment supplies
to be better distributed aong the delta (Serra 1997).
However, themost effective actionif possible, would be
to transfer the sediment load retained in the damsto the
river mouth. Iba—ez et al. (1996, 1997a) propose dredg-
ing the last two big dams (Mequinenza and Ribarroja)
and depositing the sediment just behind the dam when
theriver dischargeisappropriatefor itstransport. These
authors consider that most of the retained sediment
accumulates on these dams. However, these dams only
retain ca. 10% of thetotal river sediment load (Table 1).
The remaining 90% is retained at al the other dams.
Thus, this action would also have to be carried out also
in other dams of the drainage system in order to supply
enough sand sediment downstream. An additional prob-
lem for dam sediment extraction is the contaminated
waste discharged in the reservoirs from towns and in-
dustries. The more contaminated sediments should be
dredged and deposited in appropriate areas to avoid
massive downstream deposition of contaminants.
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