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BACRKGROUND

Scientific interest has concentrated on the Ebro delta in recent
years, producing many important research programs which have been
carried out or are still under way on such topics as pollution
control, coastal dynamics, marine productivity and agricultural
development. Both the Spanish State Goverment and the Catalonian
Autonomous Generalitat have promoted these studies as a reply to
the challenges this area is facing as a result of its economic
development and the modifications in the Ebro river output.

This report is based on the available results of these programs,
specially those related to the study of coastal erosion, the
development of agriculture, aquaculture, tourism and the sanitarvy
and economic infrastructure of the Delta.

INTRODUCTION

Trace gases concentration in the atmosphere has been increasing
in recent decades as a result of human activities. Many of these
gases interfere with the Earth temperature balance by absorbing
some of the radiation that the Earth emits back to space like any
other black hot body. If the present trend persists, it is likely
that the combined effects of these 'greenhouse gases™" will
produce a global warming of a few degrees by the middle of next
century (UNEP, 1987).

Carbon dioxide is the most abundant ¢f the greenhouse gases and
its concentration is increasing at a rate of 0.5% per vear.
Methane, nitrous oxide and other trace gases in the atmcsphere
also produce this effect. Although their concentrations are much
lower than that of carbon dioxide, by the vear 2030 they would be
equivalent to it, as far as the greenhouse effsct is concerned.
This effect can be estimated tc be equal to the one produced by a
doubline of present CO2 levels.

The impacts of the C02 buildup cn climate and other ecological
parameters of the planet were discussed at the WMO Vililach
Conference, where increases of 1.3 te 4.5 °C in the average
temperaturs were assumed to be likely to occur as sarly as 2030,
together with a zea level rize in the order of 20 to I
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There is a great deal of uncerftainty in these predictions as the
role of the oceans in the CO02 build-up are not completely
understood {Crane and Liss, 1283), climatic models need ax:za
developments, temperature equilibrium and stratification of the
occeans are often vague approximations, the estimates of CC2
uptake by vegetation vary greatly and the calculations of the
rate of melting-growing of polar and glacial icecaps ars
extremely dependant on assumptions which are not accepted to 2
large sextent by the great majcrity of experts.

Nevertheless, the possible negative impacts of the climatic
changes associated to such an increase in greenhouse gases
justify the study of the situation which would result from one of
the most commonly accepted scenarios, such as that adopted in the
Villach Conference for the 2030's, or in the UNEP Meeting on
Tmplications of Climatic Changes in the Mediterranean, were it
was agreed that this report shculd be based in the assumpticn
that by the year 2025 there could be an average global increase
of 1.5 °C and a 20 cm rise in the sea level, while bv the end of
next century these figures would be 4.5 °C and 140 cm
respectively.

Although these figures seem to be of little relevance compared to
natural variations when one considers the relatively long time it
will take to reach them, they have to be evaluated in relation to
known changes already occurred. UNEP {1987 pcints out that the
Earth's temperature has very seldom varied by more than 1° cr 2
°C over the last 10000 years and that the global average
temperature during the last glaciaticn was only about 5 °C colder
than it is now.

During the last interglacial period (127kBP-75kRBP) temperatures
in Western Europe were 2-2.5°C higher than today and the sea
level was 5-7 m above the present one. Also; at the end of the
Younger Dryas a temperature rise in the order of 8-3°C within a
timespan of less than 250 years has been estimated {Janssen and
Kunh, 1987). It is clear then that a global warming in the range
0of that assumed would both be possible and have greater
consequences on the Earth's climate than any other change that
has cccurred during the historical past.

Most models suggest that the increase in the average temperatures
will be felt mainly in the higher latitudes &and during the
winter. Climatic changes will consist of a shortening of the cold
seasons, increase of evaporation rates and rainfall, especially
in the %tropics, and more frequent peak events.

In Zurope the main expected effects in Europe of this change will
be the extension of dry summer periods, slight changes in
vegetation and crops, increased erosion and coastal dynamics,
deeper saline water intrusion in aquifers and modification of
general nyvdrclogical regimes, together with an increass In the
ceccurrence of catastrophic climatic events (floocds,; droughts,;
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MEDITERRANEAN SETTING

The Mediterranean setting is rather different from that 2f the
rest of Europe. Apart from climatic considerations, in thse
Mediterranean regicn the erscsion processzes zand the loss of
agricultural land is already a common problem and forsest fires
are, unfortunately, not infrequent during the zummer ssason,
especially those of introduced tree species. Water available with
adequate qualifzy is scarce and salinizaticn together with sea
water intrusicn are normal problems in many aquifers,; mainlv on
the coast, where agricultural, residential and industrial
developments tend to concentrate. Superimposed on these
activities, the touristic flood of every summer exerts an
additional demand that exceeds available resources in many of the
new coastal resorts.

Because of this already strained environment, it is expected that
the predicted increase of temperature and the related changss in
the climatic conditions will accelerate the present erosion and
fire hazards in the Mediterranean lands and will aggravate the
problems of quality and quantity of available water.

The rise in temperatures will also extend the ecological range of
some pathogenic organisms or their hosts and vectors, so that the
re-introduction of malaria and other illnesses, such as
schistosomiasis, in the Southern Zuropean countries,; can not be
ruled out. An increase in the use of pesticides and other
fighting methods against these pests will then be hecessary in
the near future, together with a reassessment of the main health
objetives for these areas (see Noordwijkerhout Conference
results)

Most of these changes will take place graduzally, allowing Zor an
adaptation of ecological, social and economic elements.
Furthermore, it is envisaged that technical %transformations in
the near future;, even if they only stay at present rates, will
make the necessary modifications in the economic, social and
productive structures of the region more feasible and will affec*t
societv to a much deeper extent. General drastic consequencas of
the climatic change will therefore be fel:t mainly after thse
20350's, that is three generaticns from now.

In the meantime climatic¢ change effects will be felt mainly
through the predicted increase in the cccurrence of peak events,
which would certainly lsad to more catastrophic situations. This
applies especiallyvy tc the occurrsnce of droughts, forest fires,
winter storms, sea surges and boith river and marine floods.

Gradual and spisodic sea level rise and the increases in ¢
dynamics and erosidén associated with it will be cf special
significance on the Western Mediterranean zoast due %o Iour main
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lacking the inliand development commen in other Eurcpean
countries. Also; some of the mest important aress of natural
interest are locatsed on *the ccast, as is the case cof the
wetlands where many of the European migratorv pird species
find sanctuary.

b} There is less tradition of coastal defense in the Westarn
Mediterranean countries than in Northern Europe; and the
econemic capacity to undertake them is normally insufficzient,

c) The most productive areas are lccated in low-laving lands 1ike
deltas and lagoons, where a rise in the sea levsl would have
definite effects, either by the flooding of these areas or by
the alteration of the quality of the water used for
irrigaticn,

d) Apart from their agricultural value, the lowlands and the
shore-lines of the Mediterranean have acquired an increasing
value for recreational activities based on the development of
beaches, dunes and coastal lagoons, with huge investments in
the form of residential complexes, on the assumption of a
continuing stability of the coast.

Recent history of the Mediterranean offers many examples of
changes in the coastline that have caused the decline of areas
dedicated to agriculture or commerce {i.e. Rosas,; on the
Catalonian coast). People have adapted to these changes by moving
their activities inland or to other more advantageous places;
natural areas were substituted by new ones formed elsewhere in
the process.

This flexible response is not as easy nowadays. The pressure on
the coast has increased dramatically, reducing the available land
and raising the value of property on the littoral. This, together
with the lack of fertile areas inland, leads to a population
which 1s unwilling to move and puts the emphasis on coastal
defence, now technically more feasible.

The new situaticon will especially affect the natural reserves, as
the defence infra-structures will be cconcentrated in the areas cf
greatest sconcmic value, not allowing for the transformation of
actual lowlands into wetlands, while the existing wetlands
disappear after the sea rises and the changing dynamics of the
coast resulting from it act on them.

Cn the other hand, it is expected that the main ports and
engineering works in the Mediterranean will be adapted as fthe sea
rises, in 2 gradual way, with no disruption for their working
capacity. Although the total investmen® will be high in the long
run, as it will be applied gradually,. in partial steps prohably
azscciated tc catastrophic svents, the effectz of the climatic
change will be Trsatsd more 2as a natural svent, rzther than as 2a
man-induced medification



The Ebro delta is lcocated on the Meditsrra st o =
Spain, between lat. 40°30' and 40°50" N and long. 0°35' and
0°55' E. It is a triangular-lobate delta, with a zurfa ar
of about 285 square km, 122 on the left side and 1éZ on the
right, which makes it the fourth larges®t delta in *the
Mediterranean. The wholse deltaic system covers about 40,000 ha
(fig. 1).

Together with the delta of the Guadalguivir River, the ZIkro
delta is one of the most valuable coastal ecosystems cf Spain,
with wetlands that are assential to a great number of
migratory birds. As in the case of the Guadalquivir, it also
sustains a very important agricultural activity, which is
based on the gquality of the soils and the amount of available,
regulated waters for irrigation, and a very productive fishing
fleet and aquaculture development; up to 20% of the Spanish
rice production and up to 25% of the fish and 40% of ths
molluscs obtained in Catalonia come from this area.

The main contemporary problems of the Ebro delta are
associated with the reduction of the river sediment and water
output. The sediment load decrease is considered to be one of
the main reasons for the progressive ercsion cf-the frontal
parts of the delta. The need for a safe supply of irrigation
water of adequate quality also makes the delta vulnerable to
future reductions decreases in water resources, due to the
planned Ebro river and aquifers pwater abstractions for
industrial and residential uses.

Although the levels of mercury and PCB's in some sediments
indicate the existence of industrial discharges into the
river, there are no serious pcllution problems in the area at
the moment (Marifio, 1983); high water temperaturses in the bays
during the summer periods are thought to be the main cause for
the occasional high death ra%tes which cccur in the mussel
farms located in the area.

Most of the points mentioned for the Mediterranean situaition
with regards to the predicted climatic change can alsc be felt
in the Ebro delta. As a result, the main important impacts of
this change will surely be the flooding of *he low lving
wetlands, a wcrsening of the need and dependance for fresh
ater and an increase in the existing coastal dvynamics, beoth
because of a further decrease of river output and hecause the
sea level rise will modify the present equilibrium prcfils cf
the shoreline.



The population of the municipalities comprising the delta
reaches 70,000, while arcund 192,000 pecple live in the
delta itself; 10,187 in Deltebre, 3,446 in Sant Jaume

3,390 in Aldea and 2,214 in Camarles.

The major economic activity is agriculture, with rice
wheat and vegetables as the main preducts; 77% of all
delta surface is cultivated under 1rr1gatlon, while the
rest is unproductive. Rice, with around 17,900 ha (6%% cf
the delta surface), represents 18% of the whole Spanish
production; orchards cover 2,400 ha and cereals, mainly
wheat, other 4,700 (Serd and Maymé, 1972, Anuario del

Ministerio de Agricultura, 1388).

Fisheries around the delta and in the lagoons are also
very productive. The port of Sant Carles de la R pita is
the fourth in importance among the Catalonian fishing
pcrts due to the value of the catches and the port of
1'Ametlla occupies the sixth place, while L'Ampolla,
Deltebre and Las Casas d'Alcanar also contribute %o the
total fish production of the area. Crustacean, mainly
shrimps, are one of the most important products of the
Ebro delta marine waters.

In the bays protected by the delta lobes there is also an
increasing number of mussel and oyster farms, especially
in "Puerto de los Alfaques™"™ in the south, with a very
important production.

Total fish discharges in the Delta ports during 1986
(Anuari de la Comisid de Poris de Catzlunya, 1986)
reached 10,218 metric tons (molluscs 1,379, crustacea
660, fish 7,650}, with a commercial value of 2,860

million pesetas (260 mill. dcllars). This production
represents 28% of that of Catalonia (for mclluscs,
crustacea and fish the Delita contributes respectively

43%, 71% and 24% of the catches). Fisheriss in *“he
lagoons are very zmpor-anf tco, producing 84 tons of

highly valuable species. Also important is the fast
growth of aquaculture facilities, using hoth sea water
frcm the bays and ground water from the saline aguifer
(surface water has fompe?a*ure probl with impcrtant
oscillations, and uOTT”t on plsoauc chu ting from the
cverflow from the cultivatsed =areas)

Industry is Iimited to *twc saliworks producing ssa salt
thrcugh svaporaticn of sega watar in shallow zonds. They
are located in the South, in thes Alfagues hav. The
largest {(Salinas de la Trizidad) has a vearly cutpuh of
25,000 tons, which zrs mainly szportad Lo northarn Zurcps
(Gran Znciclicpediz Zatalanza, 1%7%2). Imaller szaliworks
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have been abandoned and are now being transiormed into
fish farms.

Two tourist resorts have recently been opened in the
delta, one on the northern shore (Ruimar), the other in
the south (Els Bucaliptus), Jjust in front of the white
sandy beaches that surround the whole area. Although
nowadays thev do not account for more than a small
proportion of the whole Delta ccast, there are plans for
the constructicn of 1,000 new apartments and houses in
the Els Eucaliptus area (Loaso, pers. comm.). Three port
facilities have also been installed for recreational
boats in Tortosa, Amposta and Deltebre and a navigational
channel between Tortosa and the sea is under study by the
Generalitat (C. Canals, pers. comm.).

The main economic activities in the delta will presumably
continue to be agriculture and fisheries. The tourist
development is expected to remain limited to the two
areas already urbanized, especially that on the coast
above the Trabucador isthmus (Els Eucaliptus), where the
main investments are planned.

The only expected change in the economy of the delta is
the further expansion of the shellfish cultivation in the
bay behind the northern and southern lobes, where high
water productivity and natural defence against the sea
allow it. These areas will thus bescome one of the most
productive and valuable ones in the delta and in the
whole Spanish Mediterranean coast.

Physical and Ecological setting
2.2.1. Climate

Rainfall ranges from a minimum of 18 mm in July to maxima
of 78 in September and 69 in October, with an annual
precipitation of 548,3 mm as average for the last 73
years. Average daily temperatures go from maxima of 25°C
in. July and August to minima of 2.3 in January and
February; the average annual temperature is 16.8°C.
Humidity remains rather stabls around 50% through the
vear, while sevapo-transpiration varies in the range of
90- 170 mm/month, with an annual loss of about 1400 mm.
Annual sunshine hours are over Z,700 (Serd and Mavmd,
1972, Observatorio de Roquetes data cited by Riba et al.,
1976, cited by M. Canals, pers. comm. and MOPU, 187

[o5]
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Winds blow rather strongly in the Ebro del%ta are
Septembar and October the "mistral" winds in
the N, NW znd W, reach their highest wvealocitias [wind

i

speeds over 200 km/h are frequent), while "ven%ts marins”,
mainly from the Zast, predominats Juring spring, pushing
the sea waters inis tha river mouth, slevating the sez
surface and okstructing drainzge ooera*;ors from



cultivated areas. Storms from E and NE during winter and
spring months are zlso fregquent ("1;ev=ntades"‘ causing
surges that flood the Trabucadoer isthmus for 3 number of

days. During the summer months the predom* ant Lnd comes
from the SW ("garbi") with lower velocities (Font, 1983).
2.2.2. Ccesancgraphy

The oceanographic féatures of the Ebro delta margin ire

dominated by the river discharge, the general currents in
the sea and the dynamics of the bays.

The river discharge controls most of the balance of
nutrients and productivity. Alvarez and Masso {1833)
studied the basic oceanographic parameters of the area,
where stratification during the summer season is common
(see figure 2}, with temperatures as high as 25 °¢C
outside the delta (it reaches 32 °C inside the bays,
Loaso, pers. comm. )

Nutrients are abundant due to the river discharge.
Phosphorous concentration reaches 1,79 ug PO4-P/L and
ammonia 13.7 ug NH3-N/L. Secchi discs depths ranged
between 1.8 m in front of the river mouth and 10 m at the
20 m depth contocur. Chlorophyl had its peak in February
with 5.0 pg/L. The dissolved oxygen content in the waters
remained over 4.0 mg/L, even in the bays, where minima
were measured during the summer periods.

General water circulation in the inner shelf in front of
the Ebro delta is dominated by the flow imposed from
offshore in the Catalan sea, which is in turn influenced
by the flow coming from the Balearic sea. Winds perturb
the overall current, modulating the larger, externally
forced flow, which can be felt mainly in the bottom, with
velocities in the range of 12 cm/s %towards SSE,

The average current in summer is in the range of 7 cm/s,
although flows as high as 25 cm/s running for 70 days
southwards have been measured (Han et al., 1983).

Summer stratification produces an upper lavsr which moves
under wind fluctuations, while the botton laver flows
independently southwards (Font, 1983). Wind effects can
also be felt in winter, whaen the surface and bottom
currents seem to go northwards dﬂrlng the time of strong
NW winds, with an average velocity of 2,85-2,0 cm/=. This
can be due to the blecking of the s‘*ong mistral winds by
the coastal mountain ranges, which produces a

concentrated jet centsred in the Ebro delta. This local
wind maximun creates an Eckman sucticon through the curl
of the wind stress and thiz torque is <compensatad by a
Dai: of centro—robating gvres in the flcw {Han =t z1.,
1683). This situation has been modsllsd by Marifias and
Teiedor (1983}, whoss results are shown in fig. 2



The oceanography of the bays has been extencively studied
by Camp and Delgado (1987) fxrom the Institutc de Cisencias
del Mar. They describe them as salt-wedge sstuariss in
which the sea water penetrates as a salt wedge along the

bettom while the low salinity watesr tends to flow
outwards over it.

The northern bay (Fangar) has a surface of about 12 zm?
and an average depth of 2 m, with a connecting channel
with the sea of 1 %¥m in width. These figures for Alfacs,
in the South, are respectively 50 km*, 4 m and 3 km. The
total volume of Fangar is in the order of 158 cu.Hm, while
Alfaques reaches 200 cu.Hm.

Fresh water enters into the bays laterally from the
lagcons through a serie of channels and from the aguifer
causing a preferential low salinity distribution in the
landward margin.

Stratification tends to predominate in the bays, until
wind induces the mixing, or fresh water input produces
the instability of the water masses (for salinity
increments of 1%), which are then renovated by sea water
in periodic fluctuations that take place after 1-2 days
in Fangar and after 10-20 days in Alfaques. These
fregquencies seem to be related to the ratio between the
fresh water inflow and the total volume of the bay, which
controls its average residence time {Camp and Delgado,
1987). As these fluctuations persist in winter, when the
irrigation channels are dry, Camp and Delgado (1987) also
suggest the possible existence of a large groundwater
inflow into the bays and the importance of this inflow in
their renovation frequency and stability.

Also related to the fresh water inflows are the nutrient
and phytoplancton distribution in the bays, that tend to
show higher values around the channel discharge points
(Delgado, 1987, Delgado and Camp, 19387). However, as
nutrient inflow through the irrigation channels explains
only 25% of the high primary productivity, Delgado and
Camp (1987) mention the organic mineralization processeas
in the sediments as a possible source cf phosghorus o
the water column. This high productivity coupled with *%he
regular renovations in the bays result in a periodic
carbon outflow towards the sea in the order of 100

tons/week (J. Camp, pers. comm. ).

Nutrients and productivity are alsc influenced by
seagrasses,; whose spatial distribution and biomass in the
bays were studled bv Pérez and Camp (21986). Seagrasses
cover in Fangar Lheb 650 cf the tectal bay surfzcs and
100% of shallow areas, hile thev arz only gresent in 256%
of the Alfaques bay ”hallow oa**C, representing a total

biomass of 2,600 tons.



2.2.3. Coastal physiogragphy

The development of the Ebro delta bagan at the end of :he
last glacial stage. At the maximum c<f the Wirm
glaciation, about 20,000 years ago, %the sea stood 35-20 m
below present sea-level. Dure ‘t the subsesquent
transgression due to sea-level rlse thick overlapping
fluvial gravel deposits were laid down 1n the fluVial
valley. Later, transgressive sequences ware depositad

extending across the shelf over the gravel and
Plaistocene deposits. During this initial stage, Lecause
the shore-line was located near the present edge of the
shelf, most of the sediments borne by the river were
carried by turbidity currents and deposited on the deep
submarine Ebro fan (ia £ 4 there is an schematic
repregentation of the de structure) .

With the temporary stabilization of the sea level al -10
m, the prograding delta actively built an extsensive
deltaic plain. Later, with the continuing rise in sea
level, this former deltaic plain was covered by the sea
and shallow marine sediments were formed.

The small extent of these marine deposits points to a
sharp decrease in the rate of sea level rise and
indicates that the fluvial supply of sediments was
sufficient to prevent an extensive marine drowning of the
delta plain.

Most of the depecsits of the present deltaic complex have
been laid down during the last 8,000 vears; there has
been therefore a sharp increase in the effective rate of
sedimentation in this final stage of the delta building,
concurrent with the slowing down of sea level rise.

The present deltaic pTain of the Ebro is formed bv the
lobate deltas shown in f£igure 3. The southern delta lobe
is the oldest, dating until nearly the 16th century. The
ncrthern delta lobe mainly developed through *the 17th and
18th centuries extending into the early 19th centxrv The
active period of the central delta lckhe coexisted wi

i1
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that of the northern delta lobe during "*s final st of
development. Initially the central delta lobe had a
northern distributary active throuhgout the =arly 1i8th
century. The eastern distributary reached its maximur
development about 1%44d,

The present Zbro deltaic plain consists of thrse
pronounced delta lobes extending 2¢ km seaward. The
development of these lobes has notably increased the
delta plain during the past four centuriss un%il 3 majior
£lo0d in 1237 produced a fcourth lobe, =z the rivsr opened
a new mouth (3cla Jde Scrrapa), abandoning the clder iche
in less *than 20 years {Maldonado, 1877, {sse fiz. =
Cldexr mouths of ths river hava alsc besn abandoned or
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closed artificially; Gola de Midgorn in 1¢15 and Go

Tamuntana in 1957 during the 2Z0th century; 1a Platio
el Galeré and Sol de Riu in the 13th centurv {Loasc,
1988, pers. comm. ).

During historic times the Ebro delta has undergcne
remarkable modifications, growing from an estuary which
reached Tortosa in Roman times, to the modern delta of
today (figure 6). From 1370 onwards the growth cf the
delta has almcst stopped, while the front and south lobes
are subject to quick erosion due to the damming of the
Ebro and to modifications to the discharge mouth and the
hydrographic system.

The river damming has resulted in the loss of a great
part of the solid discharge, which has been reduced from
15/20,000,000 tons per year in the XI¥X C., to less than
2,000,000 tons per year now., Maldonado {19833) has given a
different figure (19,500 t/y) for the decrease in the
sediment load that is deposited in the delta after the
second half of this century. However the study of the
bathymetry of the Ribarroja and Mequinenza dams shows
that just the second one accumulates 8,800,000 t/y which
is 96% of the river load (Varela et al., 1983). Although
these figures have to be taken with cautions because of
the methods used to obtain them, as M. Canals point out
(pers. comm.), they nevertheless give an indication of
the effect of the dams on the Ebro solid load output
(C.E.H. reports measurements made in -January 1975 of a
solid load output of 86.26 tons/day for a flow of 94.7
cu.m./s, M. Canals, pers. comm.).

The discharge point has shifted from the Gola Midgjocrn,
on the East, to the Gola Nord and then to its present
location, pointing northwards (the latter was closed
artificially and is presently occupied by a baby esels
nursery..

As a result of these modifications there is now an active
reshaping of the delta shore line bv the sea, relocating
the materials that form today's Isle cf Buda and the
former Migjorn mouth, along the southern and northern
shores. A schematic representation of the main processes
of coastal dynamics acting on the Ebro delta is shown in
fig. 7 (Maldonado, 19383).

As it i1s pointed out in this figure, the loss of ssdiment
is not uniformly distributed alcng the delfa, but is
concentrated at those po*n;s where the dynamic
equilibrium is more grecarious, as in Cabo Taortosa, which
is being eroded at great speed. The Alifaques lobe, in *he
south, 1s also under arocsiocon as 15 the Trabucador
isthmus,; now in danger of being dizruptad by the se
while, on the other hand, the northen lobe {Zl Tang
growing,; although at a much slower rate.
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2.2.4. Surface and ground waters

Average monthly River =Zbro flcws at Tor*oo-
surface of 85,500 km®) ranged from 120 cu.
to 800 in January-February for the pcr;ud
a yearly average discharge cof 600 cu.m/s
Enciclopedia Catalana, 1972;. The River se
for the same period was in the range of 17,
with maxima of 31,300 and minima of 8,000. Thes
represent 3 decrease of almost 20% with respect t
1912-193% period, bhefore the dams situzted in the lo
Ebro were constructed.
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There is an irrigation channel systam of more than 1,200
km that covers most of the delta and an important
drainage network with several pumping stations which
discharge through the lagoons to the bays, as only les
than 10% of the irrigation flow gces back to the river or
to the sea (Camp and Delgado, 1887). Two main irrigation
channels follow both river banks, starting from the Yerta
dam, 27 ¥m upstream from the delta; thev transport 21 and
17 cu.m/s each. Total guaranteed regulated £f£low in the
Ebro is in the order of 60-70 cu.m/s

The groundwater in the Ebro delta area has been studied
by Loaso and Herr n {(1988). It is a multilaver agquifer,
in which gravel and clays contain water. with very
different salinities. (Figure 8)

The system has a very low hydraulic gradient which
produces a slow flushing of the original saline waters.
It is only partially conected with the alluvial aquifer
located upstream (salinity under 2,000 uS/cm) and with
the "piedemonte” (foothill) aquifers of Montsi =znd

Aldea- Camarles which emerge in the "ullals", small ponds
located along the contact line etween these aquiferg and
the peats and clays of the delta. {(Figure 2)

Apart from the planned extraction for aguaculture,; ground
water use in the Delta is very limited, 2s irrigation
depends almos*t sxclusively o2n surface water; conliy a
little was pumped until recently during the winter to
water the orchards, when the irrigation channels used to
be drained for repairs. Nowadays, ground water is
produced at a smail rate ouft of the A‘dea Camarles
aquifer {8 Hm3/Y) and out cf %the alluvial aqguifer (1%
Hm3/y), whlch represent an -mpor“ant rescurce for tha
future (Loasc and Herr n, 1988).

Zcological Importance

Two cof the lagoons in the southern part ¢f the dsli=
{Tancada and Zncanizada) are classifisd as grotect:ed
areas because of their value Zor many igratory birlds
which either stop therse on their routs or ccme %o wintsar
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(see fig. 9). Isla de Buda, which is located cn ths
eastern front of the delta, is also another important
area for aquatic birds.

Natural vegetation is maintained mainlv in the lagoons
and along the coastal sand dunes {Ammophiletea,
Phragmitetea and Arthrocnemetea communities are described
by Camarasa e al., 1976 in the "Landscape vegstation map
of Ebre Delta"™, which is summarized ian figure 10).

Forty nine square km of the northern part of the Delta
are declared "Parque Natural'". Five sectors of the Pargue
Natural are qualified as "Areas de Especial Interés
Natural”™ {(Isles of Buda and San Antonio, Canal Vell anéd
Olles lagoons and Fangar peninsula) comprising 25 km?
(56% of the Parque Natural), as is shown in figure 11.
These legal classification aim at "the efficient
conservation of the natural ecosystems, making them
compatible with the maintenance of the traditional
activities and the promotion of the contacts between man
and nature".

3. Evaluation of Climatic Change Impacts
3.1. Physical Environments
3.1.1. Climate and oceanography

The first step in the evaluation of the possible impact
of the climatic change on the Ebro delta is, evidently,
the evaluation of the climatic change itself. In order to
make a barely acceptable assessment of possible impacts
it is also clearly necessary to evaluate this change
using models which deal with a regional, or even
subregional scale and that not only include the
Mediterranean, but also predict the changes which will
occur in the Cantabrian and Pyrenees mountain chains, as
most cf the Ebro river water originates from there.

This information is not entirely available yet,
therefcre, the analysis has to be made at the moment on
the basis of general climatic models which have z
resolution in the crder of 5-10°, or of extrapolations of
paleoclimatic and recent climatic data.

For most of the assumptions on climatic change made in
this paper, the results of the GISS model and those
derived from instrumental data (Pitovranov, 1%87a), which
were presented at the Noordwiikerhout Confersnce, have
been used. Althcugh Wigley {1987) discusses ths ]
scenarios for Zurcpe based on the rasults oFf I8
mainly because of its resolution {8° in latitude
in longitude) and its inability %o rasc lo
| -

.

Pitovranov {1987%) rssults based on the



last one hundred years and those of GISS model for a
doubling of actual CO2 concentraticns seem to coincide,
the following climatic scenario pattarns for the Zbro

s
delta and for the Cantabrian and Pyrenees mountains have
been assumed:

- In Spring, cold and wet weather conditions will be more
frequent in the warm world perlod than in the cool
period.

-~ Summers will be larger and dryer

(21

- There will be an increase in rainfall in the crder ¢
0,2-0,4 mm/day during spring and ketween 0 and 0,2 in
winter, it will remain similar to today's rate fecr
autumn and will decrease about 0,2 mm/day for the
summer period.

- Precipitation variability will decrease slightly,
especially in winter.

- Evapotranspiration will increase over the whole basin.

It can be assumed too that the temperature change will
mean an increase in the frequency of episodic events
associated to storms and floods.

It can also be accepted that total rainfall in the
catchment area will similar to today's, or even higher,
although with a different pattern. This can be deduced
too from paleoclimatic data for the first part of the
Holocene, which shows that during the climatic¢ optimum
around 6,500 BP, when temperatures were 2-3 °C higher
than today, humid condition predominated in the present
day subtrcpical zone, with the existence of large lakes
in the Sahara {Janssen and Xuhn, 19387)

The general sea circulation in the W Mediterranean ragion
is not expected to bhe affected by ‘h45 climatic change as
it it mainly dominated by general currents, only
partially modulated by the strong w*“ds that filow through
the Ebro river opening in the coastal mountains (Marifias

and Tejedor, 1983, Han et al. 1983). Summer
stratification, on the other hand, will be enhanced,
raising the water temperature in the bays and affecting
water renovation.

Hydro dynamics by the coastwill be mors snergetic than
now, especially during cstcrms and sea surges associated
with high easterly winds. Wave achtion on the zhors is
also expected to increase, speeding up the reshaping 3%
the dei,ﬂ‘ which is now wave dcminated as a rssult of the
decrease in the sediment transport
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3.1.2., BErosion and ccastal stability

Although the studies of the coastal dynamics of the delta
are far from being completed, a preliminary assessment of
the possible problems can be made out of the description
of the present day situation. It seems clear that the
‘main impact of the expected sea level rise will come
through the increase in the coastal dynamic processes.

This increase will probably Iead to the retreat, erosion
and more regular drowning of the Trabucador isthmus which
is only 50-100 m wide and 0.5 m above the average sea
Tevel. Should this happen the erosion processes now
acting on the Alfagues peninsula to the south would
surely be accelerated, exposing the Alfaques bay and the
southern lowlands of the delta to the sea and
contributing materials to the mouth of the bay. In the
long run it is not pessimistic to assume that important
parts of the delta could be eroded, returning to the

" shape they had in early days, as this is a very flat and
new geological formation.

In the shorter term it is likely that low lying areas as
the peninsulas, Isla de Buda, Balsa del Pall in the north
«and lagunas de la Tancada and la Encanyissada in the
south, will be regularly invaded by the sea, changing the
characteristics of the water. Peninsula del Trabucador
and Isla de Buda will surely recede in the face of the
sea action, moving the delta front backwards.

All these changes would take place in a very gradual way,
as the sea level rise is expected to be in the order of
1- 4 cm per year (about 1 m in 50 years). This rate is
similar to the fastest rise occurred during the Holocene
(10.000 BP to now), when the eustatic rise was of 1.5
cm/year, as the sea level increased about 65 m in 4,000
years, between 10,000 BP, at the end of the last glacial
period, and 6,000 BP, at the beginning of the Atlantic
phase (Aloisi, 1986).

This slow sea level rise will produce a gradual retreat
of the Delta shore-line of the Delta as the beach
equilibrium profile would be displaced landwards from its
present situation. This will especially affect Cabo
Tortosa as no protective measures are planned there and,
apart from an increase in wave acticn; the rise of sea
Tevel will reduce the erosion that the Ebro River
produces on its bed, decreasing even more the sediment
output at the mouth (M. Canals, pers. comm.}.

Diaz Guerrero (pers. comm.) suggests %that due to the
retreat cf the coastline, the Alfagques bay in the south
and the Fangar bay in the north, would gradually become
clcsed, to the state of restricted lagoons whose
communication with the sea would be reduced to small



channels, mainly controlled by storm surges. This closing
of the bays would take place because of the displacement
of the peninsulas, which would be faster than that <f the
main body of the Delta. Finally, depending on the river
discharge situation and characteristics, the deltaic
plain could grow over these lagoons, reducing their
surface or, even, filling them.

Diaz Guerrero also points out that, although the present
state of the Trabucador isthmus does not favor its
migration, the progressive destruction of the Isle of
Buda in the north, which will be incremented by the sea
level rise, could originate an important drift of ercded
materials that would control its stability. Nevertheless,
these situations would certainly become more common when
this narrow strip of sand is covered by the sea, and only
during long periods of gocd weather will it fully emerge.

3.12.3. Surface and Ground Water

As most surface water in the delta comes from the Ebro
through the irrigation system, the quality of surface
and, to a large extent, ground water, will be governed by
the quantity and characteristics of the river water.

Because of the longer dry summer periods it can be
assumed that the water balance in the delta will get
further into the negative, although this could be offset
in the short term by the also expected maintained
precipitations in the Ebro catchment basin (Pyrenees and
Cantabrian mountains) which can be regulated by the
existing network of dams and the irrigation system of the
delta.

Consequences of this water disbalance will be mainly felt
in the areas surrounding the delta, leading to more water
abstractions from the river upstream cf it and %o more
severe forest fires in the upland areas. Water
abstractions from the aquifers will also surely increase,
needing careful management, in order to avoid salinity
intrusion.

In the long term, water management will need to be
reassessed as a result of the predictable £filling up of
most of the dams of the basin and the loss of their
regulating capacity. This £illing up could be accelerated
if soil ercsion in the basin increases with the expected
increase in evapotranspiration and floods occurrence
(Kwadiik, 1987) and remedial actions are not wundertaken
to control it.

Water quality, in terms of salinity, can decreasa if
actual trends do not change. However, as this is mainly
due to a mismanagement of irrigation, i%t can be accepted
that given the necessarvy conditions, water salinization
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will be controlled well before it presents a problem for
the delta.

Other difficulties could arise from a rise in the sea
level, both gradual or due to episodic climatic
conditions. It could mean that either drainage from
cultivated land will be more difficult, needing more
frequent use of pumps, or that periodic flooding of low
lands during storms affects the quality of ground water
and soils in those areas.

Fresh-salt water mixture penetration in the estuary would
move upwards too, from its actual normal situation
between Isle of Gracia and Amposta,; to Tortosa; this
would affect lateral aquifers (the alluvial and the
Aldea- Camarles) with serious consequences for their
actual exploitation, which is important, and for the
overall future use of this most important aquifer of
Catalonia (Loaso, pers. comm. ).

‘K sea level rise would also affect the flow of ground

water in the Delta, which is governed by a very low
hydraulic gradient (Loaso y Herr n, 1983), reducing the
flushing of saline water and favoring salft intrusions.
Ecosystems

Effects of the climatic changes on the Ebro delta

~ecosystems can arise from modifications of marine and

bays oceanographic conditions, alteration of lagoons and
marshes location and changes in the distribution of
species because of the increase in temperature.

Oceanographic conditions are expected to remain as they
are now, except for the bays, where increased
stratification and higher water temperatures are likely
to occur. As a consequence of these changes a more
frequent oxygen depletion in these bays will be
encountered and some loss of productivity can be
envisaged. As ground and surface water characteristics
will surely change due to higher abstractions ard better
water management techniques, the renovation mechanisms of
the bays will also be modified.

Apart from its direct impact on the cultivation of
molluscs in the bays, it is difficult to assess now the
possible repercussion of these changes on the general
productivity cf the whole area or on the species living
there. Nevertheless, it seem possible that chlorophyl
loads frcom these bays will be reduced as will Dbe the
conditions for mussel cultivation, which couid nesd to be
changed to other bivalves or to fish farms. I
possible that the importance of these areas zs
grounds fcr many cf the speciss of the area wil
as it is now.
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Present erosion processes are already reshaping the delta
coastline, with a tendency to retreat at Cabo Tortosa and
the break down of Isla Buda behind it. If the sea level
rises; most of these ecologically valuable areas of the
delta will be covered by sea water. Conservaticn af these
natural areas will depend greatly on the defence actions
that could be taken and on the stabilitv of the
Trabucador isthmus, but its future is undoubtly
compromised as priorities will surely be given to the
agricultural lands. Water management schemes and
shoreline protection works will surely be needed to
preserve these important ecological lagoons and marshes.

Finally, the impact of expected changes in temperature
and rainfall patterns on species distribution is, so far,
unpredictable. Speculations can vary from changes in the
flIora of the main wetlands to reintroduction or
proliferation of pests and parasites as of mosgquitoes,
which have already been a great barrier for the delta
development in the past. Nevertheless, from the available
data it does not seem probable that there will be

.significant and rapid changes in the ecology of the

delta.

Social and Economic Structures

The main impacts of the climatic changes on the social
and economic structures of the Delta are grouped into the
following areas:

a) Residential. Most of the towns in the delta are
located in its central part which is also the highest (3-
4 m above sea level). Therefore the main effect of the

expected sea level rise will be suffered by the tourist
developments on the coast which, nevertheless, represent
a minor proportion of these existing on the Mediterranean
coast of Sapin and only a marginal value fcor the economy
of the delta.

b) Agriculture and Fisheries. The main activity in the
delta is agriculture. In the short run the effect c¢n
agriculture will consist in the loss cf front low lands
and in the increase in salinization {(this can be offcet
by better irrigation practices using the Ebrc water, if
its quality remains as it is now and the actual
salinization trend is discontinued). Crop changes are not
thought to be necessary.

The activity of fisheries are also not expected to change
se long as the Ebro discharge, which is the main source
of nutrients, will remain unchanged. The possible sffects
on stocks could derive from the loss cof nursery grounds
in the northern and, specially, in the southern bavs.
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Also, the actual aquaculture development in the southern
bay will be in jeopardy if it is opened to the sea bv ths
Trabucador isthmus and exposed to wave action, or as a
consequence of higher summer water temperatures and
increased stratification associated with a reduction of
the renewal rate because of the progressive <losing of

the bays.

c) Infrastructure. There are no main infrastructures in
the delta at the moment and the only important
engineering work is the San Carlos de la Rapita port, in
the south. As the sea rise will be gradual and as this
port is located just off the delta, no major structural
problems are expected there, as defences will sursly be
~adapted in time. The problems for this port could come
from the movement of the sediments that form %today the
Alfaques peninsula, so that, depending on it, the port
could be silted out, or would need important extra
- dredging to keep it open. There are not main roads in the
delta and those which cross it are rather inland.

The saltworks are the only important activity that will
certainly be affected by climatic changes. Nevertheless,
with adecuate protection measures for shore regeneration
or stabilization, these works could be saved, adding an
extra protection to the southern bay in the short term.
In the long term it is doubtful that their conservation
is feasible in the face of a higher sea level and with
the expected increase in stormy actions of the sea.

CONCLUSTIONS

In the preceding lines a quick summary of the Ebro delta
characteristics and problems has been presented. The main points
stated are the following:

The Ebro delta represents an important agricultural and natural
resource in the Western Mediterranean.

Present coastal dynamics is already reshaping the delta
coastline, eroding the front lobe in Cabo Tortosa and the
southern peninsula and isthmus.

A climatic change and sea level rise in the predicted range
would accelerate the actual %trend, endangering the front parts

of the delta.

The szouthern part of the delta is the most threatene
mainly from the possible rupture of the Trabucador i
from the erosion and reshaping of the peninsula.



- A proper understanding of the processes and dynamics that are
acting on the delta is necessaryv for a better assessment cf the
problem and to decide on the more effective ways to rsduce the
negative consequences on society.

- Climatic changes will be mainly felt in the short term by an
increased occurrence of episodic peak events, such as storm
surges and floods. More frequent stratification in the bayvs and
oxygen deficits in these areas during the summer season c¢an
also take place as a consequence of the changes and the
modification- of the general hydrological system.

- Water quality and quantity in the delta is not likely to change
as the increase in evaporation can be offset by better
management of the irrigation and the aquifers and by the
adequate regulatiocn of the Ebro basin in the short term. For
the long term it could be necessary to redesign the present
water management approach..

RECOMENDATIONS

In order tc evaluate and control the main hegative effects of the
expected climatic and sea level changes the following activities
could be undertaken:

a) Basic research work about the delta should be continued, with
data collection, especially with regards to the following
subjects:

- coastal accretion and erosion rates and mechanisms
- sea. level rise and fluctuations, with the installation of

adequate instruments in the area
- river liquid and solid discharge rates and fluctuations

planned water

=

- historical effect of dams and impact of
abstracticns

- sediment transport modelling

- the quality of ground water and izri
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- the dependance of ecclcgical areas con water characheristics



- the fisheries dependance on the northern and southern bays .

- the sanitary situation in the delta, with special attention
to insect borne diseases

b} Planned and expected developments in the near future should be
studied taking into account the expected climatic change. This
applies especially to agriculture, aquaculture, transport
(mainly port facilities), salt production and tourism infra-
structure.

c) Detailed mapping, using social geography methods should be
done on the delta, both of the emerged area (differentiating
according to the main uses) and in the submerged surrounding
belt. Adequate leveling of high precision should be

~incorporated in order to evaluate relative sea level rise and
the influence of possible subsidence in these areas.

d) Coastal reshaping and sediment transport should be studied and
control measures adopted, taking into account the sea level
rise and the consequent flooding of low lands during storm

- surges. SR R

e) Based on the predicted temperature increase, insect gopulation
changes should be studied. Possible health and agricultural
consequences need to be analyzed, together with the side-
effects of necessary control actions (i.e. increase in the use
of pesticides and herbicides and the runoff of these products
into the lagoons and the bays).

f) The Ebro basin and the dams system management should be
studied and prepared to react to the predicted changes in soil
erosion, sediments transport and water demands. Ground water
management and resources allocation in the delta need to be
reassessed taking into account the possible future conditions.

g) Continuous long data series are essential on sea level
changes, nutrients and phytoplancton concentraticn and
dynamics in the bays, river output and shore-line
modifications to evaluate and correct the possible negative
effects of the expected climatic change. They should start to
be collected as soon as possible.
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FIGURA 1- Index map of Ebro delta wita Ebro drainage basin.
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FIGURA 3- Current field as modeiled by the CEDEX
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