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Abstract

In the present research, two arid coastal zones of the Mediterranean region (mean annual precipitation about 440
mm/a), have been investigated for evaluating the qualitative and quantitative impact of both human activities and
climatic changes on the groundwater resources and the hydrological cycle in general. In particular, the hydrographic
network of the Akrotiri (Cyprus) coastal aquifer system is strongly controlled by engineering handicrafts that have
induced a quality worsening of the groundwater resources. Due to over-pumping in the central sector of the area,
a lowering of the piezometric level of about 15 m has been observed. As a consequence, a salinization process has
occurred in the coastal sector with a mean annual salinization velocity of the salty water front varying between 47
and 97 cm/a (period 1964-1996). Due to the high salinity values, the water is at present unsuitable for irrigation use.
The second case study is represented by the alluvial plain of Licata (southern Sicily, Italy), where the evolution of
the Salso River (in Italian the name means ’Salty River’) and the coastal dynamics, characterised by repeated ma-
rine transgressions and regressions, qualitatively and quantitatively influenced the underground water resources. Al-
so the anthropogenic activities played a crucial role, especially the farming activity as it is largely documented by
the occurrence of numerous greenhouses covering most of the plain. The water depth of the unconfined, mainly
sandy, aquifer developed in the Quaternary deposits is between 0.3 m and locally 5 m from the surface, while the
principal alimentation occurs via infiltration from precipitations and lateral outflow from the Salso River.

Key-words: salinization processes, coastal aquifer systems, human activities, climatic changes, Mediterranean region.

1. Introduction relative sea level rise; ii) coastal erosion phe-
nomena; iii) the variation of the river flow (de-
crease of the alimentation of the aquifer system
along the hydrographic network); iv) human ac-
tivities (groundwater over-exploration); and v)
climatic changes (es. decrease of the precipita-
tion; increase of the evapotranspiration).

In particular as concerns the latter issue, the

During the last decade, the increased exploita-
tion of the underground resources has produced
a fast agricultural and socioeconomic develop-
ment in regions where alternative surface water
resources were insufficient. At the world scale,
almost 50% of the population lives within 60

km from the shoreline (Oude Essink, 2001). In
these coastal aquifer systems, when the rate of
abstraction and recharge of groundwater quan-
tity are not in balance, a lowering of the ground-
water table obviously occurs with the direct con-
sequence of triggering saltwater intrusion phe-
nomena. Among the principal causes of the ac-
celeration of the salt water intrusion processes
in the coastal aquifer systems there are: i) the

average surface temperature in the Mediter-
ranean area is expected to increase 0,7-1,6 °C
every 1 °C of global increase (Mitchell and
Hulme, 2000; Palutikof et al., 1996; Cubasch et
al., 1996; Barrow et al., 1995; Palutikof and
Wigley, 1996; Karas, 1998). According to most
prediction models, it is also expected that the
precipitation will decrease in several sectors of
the Mediterranean area south of 40-45° N lati-
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Figure 1. Location of study areas: a) Akrotiri and b) Li-
cata plain (image from Google Earth).

tude and will increase in areas north of 45° N
latitude (Giorgi and Fransisco, 2000; IPCC, 2001;
Palutikof et al., 1996). It is noteworthy that the
impact of the climatic changes, which generally
lead to increased desertification processes, is
known to have affected the Mediterranean arid
zone (Sestini et al., 1989; Puigdefabregas and
Mendizabal, 1998; Brandt and Thornes, 1996;
Brandt, 2005; Kok et al., 2006; Hill et al., 2008).

At present, many areas of the Mediterranean
region are subjected to important processes of
salty water intrusion in the aquifer systems (Fig.
1) due to natural, antropogenic causes and/or to
other physical factors (UNESCO, 1987; Pulido-
Bosch et al., 1992; Morell et al., 1996; Calvache
and Pulido-Bosch, 1997; Dazy et al., 1997; Lam-
brakis, 1997; Petalas and Diamantis, 1999; Ergil,
2000; Lambrakis and Kallergis, 2001; Tulipano
and Fidelibus, 2002; Lozano et al., 2002; Qah-
man and Larabi, 2006; Kallioras et al., 2006).
Particularly in the islands where the available
water is generally limited, the salinisation of the
underground resources can lead to a severe
degradation of the quality characteristics of the
water. This fact poses serious environmental, so-
cial and economic problems to the local com-
munities of coastal zones.

Once saltwater intrudes into a groundwater
body its recovery is nearly impossible even in
the long-term. Indeed, artificial recharge of the
aquifers or desalination of saltwater are very
costly solutions. As a consequence, the need of
integrated groundwater resources management
in coastal aquifers becomes almost complelling.
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At this regards, the determination of the spatial
distribution of dominant salinisation processes
is crucial for designing adequate groundwater
management strategies, since different degrada-
tion processes require different remedial and
conservation measures.

Accordingly, hydrological, hydrogeological
and chemical investigation have been integrat-
ed in the analysis of the alluvial coastal aquifer
system of Akrotiri (Cyprus) and Licata (Sicily,
Italy) for a best evaluation of the influence of
the climatic changes and human activities in the
hydrological cycle in terms of quantitative im-
pact on the groundwater resources (Fig. 1).

2. Akrotiri plain

Cyprus has always been confronted with the
problem of limited water resources for domes-
tic and irrigation needs. This is mainly due to a
semi-arid climatic regime (average annual rain-
fall about 500 mm) and intensive agriculture ac-
tivities, but also the recent explosion of the
touristic industry caused an additional demand
for water. As a consequence, the water shortage
in Cyprus started creating a severe problem for
the population.

Different coastal aquifer systems of the is-
land present critical salinization problems with
electrical conductivity values about 20000 to
30000 uS/cm, mainly due to over exploration of
the water resources and the low rainfall regime.
For example, in the Yermasoyia aquifer near
Lemessos the annual extraction is 2.5 times larg-
er than its capacity of active storage. Another
illustrative case is represented by the Kokki-
nochoria area, south of Famagusta, where the
demand for groundwater is so large that local
lobbies succeeded in making almost ineffective
all control measures. It is worthmentioning that
among the 8000 borehole detected within the
area, about 47% have been drilled without per-
mission (Fig. 2; Water development Department
of Cyprus).

The investigated area considered in this pa-
per is the Akrotiri aquifer system, located at the
southernmost sector of the Island of Cyprus.
The area varies in elevation from -2 m to 30 m
asl and extends for about 45 km? (Fig. 2). It is
one of the most important aquifers of the island
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Figure 2. Akrotiri plain: a) investigated area and its lo-
cation in the southern sector of Cyprus Island (inset);
b) water quality observation network (the picture, cre-
ated by O. Christou (Geoinfo) is a false colour com-
posite image, combination between Landsat TM, KVR
1000 and hill).

because it represents the larger water supply of
the town Lemessos, while it is also used for in-
dustrial and agricultural purposes (Howard
Humphreys & Sons, 1972). In particular, the
aquifer system is bordered to the south by a
large Salt Lake, to the east by the Galiris Riv-
er with drainage area of about 65 km? and to
the west by the Kouris River with a drainage
area of 290 km? (Hydrological Year Book, 1984).
The Salt Lake represents a topographic depres-
sion with an endorheic drainage, a mean water
surface below sea level, though during the sum-
mer the lake is completely dry. The Kouris Riv-
er is the largest river of Cyprus, extending far
up into the Troodos Mountains. The average
precipitation within its catchment area is 730
mm for the period 1951-1980.

The study area is characterised by semi-arid
to Mediterranean climate, with hot-dry summers
and cool-wet winters. Rainfalls are concentrat-

ed in the period October to April with mean an-
nual values for the period 1987-1995 of 441 mm.

During the last decade, the increasing need
of water related to the strong industrial, agri-
cultural and touristic development caused a
qualitative and quantitative degradation of the
underground resources. Since 1930 the ex-
ploitation of the aquifer system began in con-
comitance of fruit-tree plantations covering an
initial area of about 15 km? in the central part
of the aquifer. In the period 1967-1977, about
14106 m*/a of water have been extracted for do-
mestic and irrigation needs, though the first
problems associated with the salinization
process started manifesting since 1960. More-
over, in 1987, the construction of a dam along
the Kouri River reduced the freshwater
recharge and consequently accelerated the
salinization process of the aquifers in the west-
ern sector of the area.

In the early 1990’s the Cypriot authorities
declared the whole aquifer as a “water conser-
vation area”. This implied an authority-con-
trolled groundwater management strategy to
prevent further salinization of the aquifer sys-
tems. Artificial recharge basins have been cre-
ated since then and the pumping rate was
strongly reduced.

In the present study, numerous samples ob-
tained from several wells drilled all over the
study area, have been collected (Fig. 2; T A.Y.
database) and analysed. Following the results of
the hydrochemical analyses and the character-
istic ionic ratios it was thus possible to recog-
nized the areas with the highest geochemical
risk.

2.1 The aquifer system

The multi-aquifer system mainly permeates
Pliocene-Quaternary deposits consisting of al-
ternating gravel layers, sands, marls and clays
characterized by strong lateral and vertical het-
erogeneity. The thickness of these sediments
varies between 5 m, to the northeast, and about
90 m, to the southwest. As a consequence, the
permeability of the multi-aquifer system pre-
sents strong lateral variations between 102
m/sec, in the western sector where the coarse-
grain sediments of the Kouri River prevail, and
10" m/sec, in the eastern sector where fine-grain
deposits in contrast prevail.

The alimentation of the aquifers mainly oc-

69



Rapti-Caputo D.

curs by infiltration. The mean annual value of
natural recharge is about 10% of the precipita-
tions (Iacovides, 1970; Iacovides et al., 1982) a
value compatible with the 49 mm estimates by
Masi et al. (2004), the 61 mm proposed by Ed-
munds et al. (1988) for the period 1977-1980 and
based on the chloride analyses and the 53 mm
from tritium analyses (Boronina et al., 2005).
Other alimentation sources are represented by
the Kouris reservoir losses; the lateral inflows
from nearby aquifers in the northern sector,
agricultural return flows and local artificial
recharge from the numerous artificial lakes
(T.A.Y. database).

In 1987, the building of a dam along the
Kouri River upstream the investigated area
strongly reduced the role of the river in feed-
ing the surrounding aquifers, therefore causing
important disequilibrium of the parameters
within the hydraulic balance. Indeed, before the
building of the dam the amount of lateral infil-
tration from the river towards the aquifers was
in the order of 16106 m?/a, while after the con-
struction of the dam a reduction as high as the
44% was recorded (Balasha-Jalon consultans,
1992). As a direct consequence, a drastic drop
of the piezometric level occurred in the western
sector of the coastal plain, therefore accelerat-
ing the mixing phenomena with the salty waters.
In particular, before the building of the dam, in
the western sector of the area, the piezometric
level was about 2 m a.s.l., while negative values
(-5 m) were recorded during the subsequent
years when the hydrometric regime of the riv-
er was forced.

Furthermore, during the period 1964-1996,

due to the large amounts of pumping from the
several wells drilled in the central sector of the
aquifer, the piezometric level dropped about 15
m with a mean rate of 47 cm/a. In order to halt
the process that began causing severe problems
for the agricultural activities, in 1996 a project
for the artificial feeding of this area started op-
erating (Fig. 2).

Based on the results of the chemical analy-
ses carried out in October 1995 from samples
collected in 68 wells (Fig. 2), the geochemical
characterization of the multi-aquifer system was
attempted. In order to estimate the pattern of
the geochemical parameters of the aquifer, we
selected the year 1995 because, firstly, a com-
plete database is available and, secondly, the an-
nual precipitations of that year were similar to
the long-term average value.

From the numerous collected samples, the
electrical conductivity, the pH and the TDS
were directly measured in situ. Laboratory
analyses were carried out for the following pa-
rameters: Ca, Mg, Cl, SO,, NO, using Cadas
2000 spectrophotometer methods; K and Na us-
ing atomic adsorption technique; and HCO,
concentration using volumetric methods.

2.2 Results

The electrical conductivity (EC) of large sectors
of the aquifer shows variations between 700 and
2750 uS/cm (Fig. 3). Low values of this parame-
ter (700-900 uS/cm), which imply a good quality
of the underground water resources, are docu-
mented along the bed of the Kouri River cross-
ing the central sector of the investigated area.
Southeast of the Kouri river (area A), in a 3 km-

Kouris River )
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Figure 3. Space distri-
bution of the electri-
cal conductivity (uS/cm
at 25 °C; for the loca-
tion of the monitored
wells see Fig. 2).
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Kouris River

long zone, along the coast and up to a distance
of about 1.8 km from the coast line, the electri-
cal conductivity reaches values as high as 13000
puS/cm. An even higher anomaly (larger 50000
uS/cm) has been recorded in a 1.5 km-wide zone
of the aquifer along the saline (area B; Fig. 3).
Also these anomalies are confirmed by the
high content of chlorides (Fig. 4) and are at-
tributed to mixing phenomena between the
fresh water of the aquifer and salty water with
different salt content like the marine water, in
the first case, and those from the saline, in the
second case. In particular, the space distribution
of the chlorides shows a trend similar to that of
the electrical conductivity. Within the whole
aquifer, the chlorides vary between 50 and 350
mg/l except areas A and B where the concen-
tration of Cl is greater than 20000 mg/1.
Eventually, locally high values of the electri-
cal conductivity in the eastern sector, west sec-

aquifer boundary

Cl (mg/l)

Figure 4. Space distrib-
ution of the chloride
concentration (mg/l; for
the location of the mo-
nitored wells see Fig. 2).

tor of Lemessos town, are probably caused by
urban polluting phenomena (area C). The hard-
ness of the water, indicated by the CaCO, con-
tent varies between 190 and 800 mg/l, while val-
ues higher than 1500 mg/l are localised in the
south-western sector of the investigated area.
Moreover, Ca and Mg vary showing values of
17-976 mg/l and 34-2400 mg/l, respectively.

The nitrates, which are mainly associated
with the intensive farming activities, present
concentrations of 1 to 50 mg/l, with the excep-
tion of the areas A, B and C where the con-
centrations are higher than 400 mg/1 (Fig. 5).

It is well known that from the characteristic
ratio of some ions it is possible to infer the
provenance of the water and recognize the oc-
currence of a mixing phenomenon between
groundwaters of different geochemical compo-
sition (Plummer and Back 1980; Hem 1978;
Matthess 1982; Lloyd and Heathcote 1985).

aquifer boundary
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Figure 5. Space distrib-
ution of the nitrates
(mg/l; for the location
of the monitored wells
see Fig. 2).
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Along the coastline, the replacement of fresh
water by salty water during the marine ingres-
sion is associated with cation exchange process-
es. In fact, Ca and HCO, dominating in the fresh
water are replaced by Na mainly contained in
the marine water, therefore generating brackish
water dominated by CaCl, (Back, 1966;
Lawrence et al., 1976; Appelo and Geirnaert,
1983). Moreover, a decrease in sulphate con-
centration is possibly due to the precipitation of
gypsum during the first stages of the marine wa-
ter intrusion (Gomis-Yagues et al., 2000).

In particular, in the Akrotiri aquifer system
the CI/HCO, ratio (Revelle index; Revelle,
1941; Fig. 6), shows values larger than 10 in the
areas A and B. In the same areas, we also cal-
culated a higher value of the CI/SO, molar ra-
tio (21-44) that represents an index of the
amount of mixing phenomena occurring be-
tween fresh and salty waters.

Based on the values and distribution of the
electrical conductivity of the waters and the ion-
ic concentrations of Ca, Mg, Na, SO,, Cl and
NO, and considering also the limits proposed
by the World Health Organisation as concerns
the use of the waters for drinking, only the cen-
tral-western sector of the Akrotiri aquifer is
suitable and economically convenient for the
exploitation of the underground water resources
without requiring long lasting and expensive
processes of depuration (Fig. 7).

Because the entire area is prevailingly ex-
ploited for agricultural use and most of the wa-
ter used for irrigation is directly pumped from
the underground resources, a particularly useful
indicator is the SAR index, which determines
the quality of the waters. Accordingly, this in-
dex emphasises the occurrence of C2-S3 water
category (excellent) in the investigated area
with the exception of areas A and B where C4-

Kouris River
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Figure 6. Space distrib-
ution of the CI/HCO,
ratio (for the location
of the monitored wells
see Fig. 2).
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S4 water category dominates being not suitable
for irrigation purposes (Fig. 8).

2.3 Consideration

In the coastal multiaquifer system of Akrotiri
and especially in the southwestern sector of the
basin (area A), the analysis of the geochemical
characteristics of the waters allowed to infer a
progressive shift of the fresh-to-salty water in-
terface. Indeed, in the period 1965-1995, marine
water ingressed for about 2 km with a mean ve-
locity of 97 m/a. This mixing phenomenon be-
tween fresh and salty water, probably associat-
ed with the alteration of the principal hydraulic
parameters of the Kouri River and the in-
creased amount of pumping, is confirmed by the
high concentration of Cl and Na ions, by the co-
efficient of Revelle, the electrical conductivity
and the CI/SO, ratio.

Moreover, due to the lowering of the piezo-
metric level in the central zone of the basin and
the occurrence of sediments characterised by
high permeability values, the hydraulic commu-
nication between the saline and the multi-aquifer

system was certainly enhanced. As a consequence
also in the southern sector of the aquifer (area
B) an ingression of salty waters was triggered with
a mean velocity of about 58 m/a.

The generally high NO, concentration is ev-
idently caused by the intense farming of the
area, while the few spots with values higher than
200 mg/l are probably related to local causes.
Only the central sector of the study area is char-
acterised by drinkable water which is obviously
also exploitable for irrigation purposes as indi-
cated by the low SAR values.

3. Licata plain

The first human record within the Licata terri-
tory is as old as Late Neolithic. Due to the nu-
merous sulphur mines occurring within the sur-
rounding region, the Licata harbor represented
an important trade centre of the Mediterranean
till the end of the XX century. The major hy-
drographic feature of the region is represented
by the Southern Imera River, also called Salso
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Figure 9. Licata plain: investigated area and its location in the southern sector of Sicily, altimetric model; monitor-

ing network and hydrogeological section.

River, that crosses the plain from north to south
(Fig. 9). The natural changes of the river bed,
its delta area and the nearby coastal sector, have
strongly influenced the evolution of the land-
scape and produced altimetric variations span-
ning from 0 to 50 m above sea level.

According to historical evidences, important
phenomena of alternating transgression and re-
treat of the coastline have occurred in the last
centuries (Amore et. al., 2002). This was main-
ly caused by changes of solid input and the hy-
drographic evolution of the Salso River bed and
secondarily by anthropogenic interventions (eg.
artificial reservoirs basins). For example, from
1823 to 1986 is documented a rapid regression
with a speed of 3 m/a, while it further acceler-
ated to 10 m/a in the period 1886-1952.

3.1 The aquifer system

The Licata plain is largely farmed and almost
completely covered by greenhouses, where two
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productive cycles are carried out every year (au-
tumn-winter and spring-summer), while cultiva-
tions need two-three watering per week (Regione
Siciliana, 2002). Accordingly, in order to satisfy
such a large amount of water resources, several
boreholes have been excavated. These wells are
commonly of large diameter, up to 5 m, rarely ex-
ceeding the 10 m-depth and generally built with
stones. They are located both inside and outside
the greenhouses (Fig. 9) and exploit an uncon-
fined, or locally semiconfined, aquifer developed
within the alluvial deposits of the Salso River.
This aquifer mainly consists of sandy or silt-sandy
lenses, locally as coarse as gravels, generally 1 to
10 m thick and hydraulically interconnected (Fig.
9; Rapti-Caputo, 2005).

The feeding sources for the aquifer are main-
ly two. Firstly, there is the infiltration of the pre-
cipitations whose mean annual value is about
454 mm (1926-2005), showing oscillations be-
tween 206 and 1091 mm. Secondly, the aquifer
is laterally fed by the Salso River during the
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flooding periods. Indeed, in Italian the word Sal-
so means “salty”, thus suggesting that local peo-
ple was aware of the high salinity of the flow-
ing water. This perception is also clearly docu-
mented by measured values of the electrical
conductivity as high as 2000 to 14000 uS/cm (at
20 °C). These high values are due to the fact
that the river largely drains the Messinian evap-
oritic deposits largely outcropping in the hy-
drographic basin (the so-called “gessoso-
solfifera” Formation (Roda, 1971).

During May 2005, the water level and the
chemico-physical parameters of the water were
measured in 45 wells while the ionic concentra-
tions of Ca, Mg, ClI, SO,, NO, (using spec-
trophotometer methods), K, Na (using atomic
adsorption technique) and HCO, (using volu-
metric methods) were subsequently obtained in
the laboratory from the collected samples.

3.2 Results

The measurements of the depth-to-water show
variations between 0.5 and 7 m (Fig. 10). In par-

ticular, the higher depth-to-water values are ob-
served within the central sector of the plain,
while the lower ones were measured in the
northwestern sector of the plain and east of Li-
cata. The measured values are due to the com-
bined effect of both the lithological and geo-
metric characteristics of the aquifer and the
amount of pumping. The contribution of pump-
ing is likely to be minimal because the mea-
surements have been carried out in wells that
were not exploited for one day and therefore
the aquifer could be considered in stable con-
ditions. The only exception is represented by the
bore-hole located west of “Contrada Molaco-
togno” area, where the measurements were per-
formed with the aquifer in semi-static condi-
tions.

The electrical conductivity of water (mea-
sured in situ and referred to 20 °C) shows vari-
ations between 1 and 12 mS/cm (Fig. 11). The
minimum values of this parameter are observed
in the central and western sectors of the plain,

water depth
(m)

Figure 10. Space
distribution of water
depth (meter; May
2005; for the loca-
tion of the monito-
red wells see Fig. 9).
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elettrical conductivity
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Figure 11. Space di-
stribution of the e-
lectrical conducti-
vity (mS/cm at 20
°C,; for the location of
the monitored wells
see Fig. 9).
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clorine
(mg/1)

Figure 12. Space
distribution of the
chloride concentra-
tion (mg/l; for the
location of the moni-
tored wells see Fig. 9).
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sulphate
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Figure 13. Space
distribution of the
sulphate (mg/l; for
the location of the
monitored wells see
Fig. 9).

while the highest values measured east of Licata
are likely due to the intrusion of marine salty wa-
ter. The mixing phenomena between the fresh-
water from the aquifer and the marine water are
confirmed by the occurrence of elevated concen-
trations in chlorides and sodium up to 4000 mg/1
and larger than 1500 mg/l, respectively.

The chlorides concentration presents oscilla-
tion between 29 and 4700 mg/l with mean val-
ues of 1550 mg/1 (Fig. 12). Indeed, there is a pro-
portionally inverse relationship between the
chlorides concentration and electrical conduc-
tivity (CE) according to the equation:

CE = 0.002-ClI -2.57

with a correlation coefficient r? = 0.71.

High concentrations of chlorides are located
along the coast (> 4000 mg / 1) and the right hy-
drographic sector of the Salso River. They are
due to widespread phenomena of saline intru-
sion as confirmed by a sodium content of 1853
mg/l in the same areas.
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The magnesium (Mg) ranges between 0.2
and 602 mg/l, with an average value of 180 mg/l,
while the mean concentration in calcium (Ca)
is 593 mg/l, with variations between 66.5 and 1544
mg/l.

The sulphate generally presents high concen-
trations across the plain of Licata with a mean
value equal to 1530 mg/l; while the lowest values
(< 1000 mg/l) are observed in the western sector
of the plain. This high values are primarily asso-
ciated with the intense farming activities and sec-
ondarily with the chemical composition of the
sediments hosting the aquifer (Fig. 13).

The measured nitrates are mainly derived
from agricultural activity and show an average
value of 149 mg/l. It is worth to note that the sam-
ples were collected during the final phase of the
picking period of the agricultural products (Fig.
14).

The index of the sodium absorption ratio
(SAR) shows changes between 2 and 15 with a
mean value equal to 6.2. In about 50% of the
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Figure 14. Space dis-
tribution of the ni-
trates (mg/l; for the
location of the mon-
itored wells see Fig. 9).
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samples, this index has values between 8 and 12
(Fig. 15), therefore emphasizing the occurrence
of C3-S1 and C4-S1 water categories in the
north and east of the investigated area, respec-
tively. In contrast, in the central sector the oc-
currence of C4-S2, C4-S3 and C4-S4 water cat-
egories indicate an underground resource not
suitable for irrigation purposes.

4. Concluding remarks

Fresh groundwater supplies in many coastal
aquifers throughout the world are threatened by

natural and anthropogenic causes. The present
research allowed to emphasize the behaviour of
the coastal aquifers, characterised by an impor-
tant lithological heterogeneity, where the
palaeogeographic evolution of the last millen-
nia, like the formation of the saline and the
strong human activities have stressed the un-
derground water system to a critical point thus
generating a disequilibrium in the delicate zone
represented by the fresh-to-salty waters inter-
face. In semiarid regions, such variations of the
hydraulic balance parameters are even more in-
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fluencing because they can accelerate both the
degradational processes affecting the natural
water resources with catastrophic consequences
on the natural ecosystems and the desertifica-
tion risk of large areas.

As a final comment and suggestion for a sus-
tainable management of fresh groundwater re-
sources in these coastal regions, a tight collab-
oration between water users and authorities and
all the stakeholders in general should be con-
sidered a obliged approach to the problem. It is
thus concluded that only based on a continuous
monitoring of the salinization process it will be
possible to provide a better management of the
water resources in coastal areas.
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