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Coastal areas, intended as the transition zones between continents and seas, are catchment final parts 

where the natural fragile interface equilibrium between fresh, brackish and salt water may be easily 

affected by groundwater drawdown due to overexploitation and mismanagement, artificial run off due to 

irrigation and drainage, land and water uses, and urban infrastructure constructions, so that the natural 

water cycle is endangered. This equilibrium is, of course, strongly dependent upon sea level variations due 

to subsidence and/or changing climate. 

Coastal aquifers are important sources of freshwater at risk, especially in deltas, where population density 

in urban areas and straggling settlements is often highest and pollution due to agriculture and industry may 

be very strong. As far as possible, fresh ground waters are to be considered strategic resources especially 

for drinking purpose whereas surface waters, treated used waters, and desalinized waters may be allocated 

to meet other users’ demand.  

Groundwater in coastal areas generally consists of fresh water floating on saltwater in variable 

proportions, but fresh water quality may be strongly endangered by saltwater intrusion  and it is more and 

more degraded owing to an increasing demand for domestic, agricultural and industrial supply as a large 

proportion of the world’s population (about 70%) dwells in coastal zones. Furthermore, saltwater 

encroachment and pollution progressively jeopardize the ecosystem of the emerged and submerged coast, 

and available water resources become scanty.  Appropriate water resources management and preventive 

and remedial actions are needed to settle arising conflicts among different users. The conceptual model of 

saltwater intrusion in coastal areas is rather more complex than the model envisaged by Ghijben, in 1988-

89 and Herzberg, in 1901 with a sharp interface under hydrostatic conditions, at the local depth of around 

40 times the hydrostatic head, depending on seawater density. The thickness of the diffusion zone varies 

with the hydrodynamic level.           

On the one hand, surface waters drainage and drawdowns produce gradient inversions with lateral inflow 

and upconing of present and connate waters of different salinity; on the other hand, polluted waters 

drained in canals from inland areas may infiltrate directly into the terrain or outflow into coastal pond 

waters interconnected with the sea and aquifers. Thus, saltwater encroachment may be due not only to 

imbalance between aquifer recharge and withdrawal. 

Lateral sea water may be entrained if the drawdown is deep and/or its influence radius intersects the 

shoreline, irrespective of the available amount of aquifer fresh water recharge.  
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Groundwater withdrawals to meet water demand can reduce wetland levels, which otherwise can be 

increased by groundwater return flows from irrigation, and sewage discharge. Coastal aquifer degradation 

directly affects coastal wetlands and their ecosystems.  

Groundwater chemical status is strongly influenced by seawater intrusion. Some parameters so far 

regarded as invariable, such as actual porosity and hydraulic conductivity, may change with increasing 

salinity, resulting in pH variations, element desorption from clay and groundwater, and soil 

recontamination due to pollutant mobilization. Mixing processes cause both salinity increase and other 

chemical-physical parameters variation. Coastal aquifers affected by saltwater encroachment are 

particularly vulnerable to “retoxification processes”, which may be observed where both, accumulation of 

heavy metals in sediments and changes of the environmental conditions take place.

Alluvial sediments serve as long-term skins for large stores of heavy metals, and through reverse chemical 

processes, such as desorption and dissolution, they can revert into large sources of heavy metals in 

bioavailable form. Salinity increase, pH and Eh are the main activating factors of these processes because 

of their influence on cation exchange equilibrium.  

Furthermore, in the coastal aquifers of the Mediterranean, owing to excessive fertilizer application and 

untreated wastewater discharge in agricultural areas, pollution is a serious problem that may make 

groundwater unsuitable for drinking purposes.

Coastal aquifers vulnerability to saltwater intrusion and pollution is strictly dependent on soil and bedrock 

permeability and pollution sources types, and it is particularly high in fractured and karstic rocks.  

Integrated vulnerability zoning should be periodically validated by accurate monitoring before using it for 

assessing scenarios for planning coastal area management. In fact, monitoring carried out with direct and 

indirect methods is essential for determining and predicting groundwater deterioration, and assessing other 

management activities in coastal aquifers. It implies the planning of the most effective field surveying, and 

geo-referenced data processing, so as to zone protection areas with different degrees of integrated 

vulnerability and risk.  

Scientific and technical analysis based on hydrogeological investigations may put in evidence that coastal 

groundwater pollution sources are not located in the coastal areas as defined by geomorphological and 

administrative criteria but are to be looked for even far upstream of costal zones. Such cases are foreseen 

in the Article 8 of the Barcelona “Convention for the Protection of the Marine Environment and the 

Coastal Region of the Mediterranean and its Protocols”, saying that the Contracting Parties shall 

endeavor to ensure that their national legal instruments include criteria identifying and delimiting, 

outside protected areas, open areas in which urban development and other activities are restricted or, 

where necessary, prohibited for the sustainable use of the coastal zone.

On the one hand, there is the problem of outlining, as far as possible in detail, the hydrogeological, 

conceptual and numerical models of the catchment, considering surface and groundwater hydrology, land 
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cover and uses, land and water resources vulnerability, interactions between surface waters and 

groundwater of different quality with particular regard to coastal areas; on the other hand, water resources 

available should be assessed against water demand and infrastructure and running costs.  

Oceans and particularly almost closed basins like the Mediterranean and Black Sea receive great 

quantities of organic and inorganic pollutants transported by inflowing coastal surface and ground waters.  

In coastal areas tourism represents an activity of increasing economic relevance, requiring the allocation 

of great quantities of fresh water not easily available to the detriment of other economic sectors and 

consequently of the people living in the vicinity and the environment. Of course, economic and market 

considerations should not be put before social considerations.  

Saltwater intrusion as a result of groundwater overexploitation is a major concern in many aquifers. The 

UNESCO-IHP Sub-component 1.1 on “Managing Coastal Aquifer and Groundwater” of the GEF 

UNEP/MAP “Strategic Partnership for the Mediterranean Sea Large Marine Ecosystem 

(MedPartnership)” foresees the organization of a shared data bases of representative Mediterranean 

coastal aquifer systems mainly concerning hydrogeological characteristics, management problems,  

priorities,  and technical, administrative, law and financial aspects. 

A common effort is to be made to converge towards common management criteria of sustainable 

resources development, so as to prevent conflicts among different users. International cooperation is 

needed for transboundary coastal aquifer management. Hopefully, best agricultural practices should be 

commonly adopted and wastewaters should be treated as respectively recommended by EC Directives No. 

271/1991 and 796/2004. Sustainable water resource management in coastal areas requires an integrated 

vision based of all aspects to be taken into account: climatic conditions and hydrology processes, 

hydrogeological characteristics, water allocation schemes combining both, efficiency and equity 

principles, water supply infrastructures, and needed engineering works. Primary criteria to alleviate 

pressure on water resources overexploitation are an effective water demand management and water use 

efficiency. Users should be informed and educated to reduce the use of fertilizers and pesticides, and 

incentives should be given to reduce and displace industrial and agriculture activities from vulnerable 

areas so as to mitigate their impacts in coastal areas (Fig. 1).          

Hydrogeologists are entitled to give stakeholders, regional planners and administrators all scientific and 

technical concerning details on the actual availability of groundwater in terms of quantity and quality to be 

surveyed in monitoring systems, so as to meet all users’ present and future demand.  They can suggest the 

correct criteria and methods to be adopted for the best integrated sustainable exploitation and management 

of all. 

Groundwater should be assessed and managed in terms of integrated water resources to meet water 

quantity and quality demand for different uses, considering the conventional and unconventional water 

balance of the hydrogeological catchments, different areas of interest, and supply costs.  
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Fig. 1 – Human activities impacts on coastal areas 

Coastal aquifer vulnerability zoning should be periodically validated by accurate monitoring before using 

it to assess integrated vulnerability scenarios in planning coastal area management. Monitoring carried out 

with direct and indirect methods is essential to determine and predict groundwater deterioration, and 

assess other management activities in coastal aquifers. It implies the planning of the most effective field 

surveying, and geo-referenced data processing, so as to zone areas with different degrees of integrated 

vulnerability and risk. As most aquifers of different types are heterogeneous and anisotropic, a suitable 

monitoring scale should be chosen to represent their characteristics in all details needed by decision 

makers.

The management of coastal waters and areas requires interdisciplinary collaboration among different 

experts on water resources and land planning, agronomy, biodiversity, economy, water laws and 

directives. Promoting joint management of shared aquifers is a need. Hydrogeologists’ contribution is 

essential in developing Integrated Water Resources Management (IWRM) policies, concerning 

technology, strategic and project planning, economic instruments, regulations, efficiency of GW 

administration, and decision making.  

Science may give the right answers to plan the best actions necessary to manage land and water resources 

in a sustainable way so as to prevent conflicts among different users and in the respect of the 

Mediterranean environment. 
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