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Abstract. Europe has a relatively long continental and island coastline relative to the 

Americas due to geographical conditions, but in both cases important human settlements and 

activities concentrate near them. This explains that coastal aquifers are often intensively 

developed in some areas, more often in Europe, with the result of salinity problems due to 

seawater intrusion, upconing of deep saline water and remnant salinity in aquitards, besides 

saline water in arid areas due to climatic conditions. Often important aquifers are at risk. 

Some of them are relatively small but crucial for human activities, providing reserves for 

droughts, and able to adapt to agriculture and tourism seasonally variable demand. In order 

to prevent and to correct groundwater quality loss through salinity increase, management is 

needed. Management and water governance aspects are site–dependent and need to be 
tailored to local circumstances. Some aquifers are well–known, studied, monitored and 

managed, and may be used as a reference to devise solutions and action for other cases, if the 

similitude can be established by sound use of existing data. 
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1. INTRODUCTION

In many countries, coastal areas tend to concentrate human population, especially in the 

Mediterranean and Atlantic coasts of Europe, but also in Ibero–America, as in Argentina, 

Uruguay, Brasil and Mexico, both in the Atlantic and Pacific areas. In some cases large 

human concentrations are close to large rivers that favoured early human settlements, but flow 

irregularity, costly water distribution to areas away from the stream and the main channels, 

and often poor water quality due to be downstream of other human activities, has favoured the 

development of coastal aquifers for human and agricultural supply. This has been the only 

solution when surface water is not available, as it is the caase of Mar del Plata, Argentina, and 

in most of the small islands. 

In many cases, aquifer development has produced well water quality degradation through 

progressive salinization, thus creating serious water supply problems. Thus, sound 

management is needed. 

Saline contamination of coastal water wells is a well known process in what refers to the 

physical and chemical principles. In real situations it is often highly influenced by the local 

area in which the more or less thick transition from fresh water to saline water (mixing zone) 

develops. Thus, the heterogeneity and complexity of coastal aquifers has to be known in 

detail, not only to explain a given situation, but to find solutions to avoid quality problems 

and to correctly manage the coastal aquifer systems. 
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A lot of research and applied work is available, often dispersed in the scientific and technical 

literature and in difficult–to–access and unpublished reports. Fortunately a few books compile 

part of available knowledge (Custodio and Llamas, 1976; Custodio and Bruggeman, 1987; 

Falkland, 1991; FAO, 1997), and the previous 21 Saltwater Intrusion Meeting (SWIM) and 

the 4 Technology of Seawater Intrusion into Coastal Aquifers (TIAC) proceedings make 

available a huge amount of knowledge and experience. However, management and 

governance of coastal aquifers is still a subject that need development and shared experience. 

2. COASTAL AQUIFERS OF EUROPE AND IBERO–AMERICA 

Summary descriptions of coastal aquifers in Europe and Spanish and Portuguese speaking 

American countries have been presented in three papers in a recent issue of the Hydrogeology 

Journal (Vol. 18 no.1, 2010), and in some other works. See Karlow and Reichard (2010), 

Bocanegra et al. (2010), Custodio (2010a). 

There are some differences about coastal aquifers in these areas. The Mediterranean area is a 

special one due to the abundance of limestone and dolomite coastal formations, from the 

Palaeozoic up to now, which include relatively young (Miocene) reef limestones and 

calcarenites. In America this also happens around the Caribbean Sea and Central Atlantic 

Ocean, including Florida, Yucatan, Cuba, and some small islands, but with different 

characteristics. In the Mediterranean area the low sea stand during the Quaternary glaciations 

favoured the formation of deltas containing coarse materials (Llobregat, Ter, Tet, Rhône, Po) 

that are key pieces for supply, and also the karstification of carbonates well below present sea 

level (Calaforra, 2004; Fleury et al., 2007). A singular feature of the Mediterranean area is 

related to the Messinian crisis, during the Miocene, during which the Mediterranean sea dried 

out by evaporation after the Gibraltar Straight was temporarily closed by tectonic events. This 

produced deep excavated valleys by the enhanced erosion potential. Afterwards, when the 

Gibraltar Straights suddenly opened, these were an intense deposition of poorly permeable 

materials covering previous coarse sediments in offshore areas close to the present coastline. 

The situation in the Atlantic coasts is similar at both sides, in which clastic sediments on 

gently slopping coastal platforms are common, and may form thick sandy and silty–sand 

aquifers in Belgium, France, Portugal, SW Spain, the Guyanas, Brasil, Uruguay and 

Argentina, with possible older permeable sediments at the bottom. Some large deltaic 

formations exist such as the Rhine–Meuse delta, that covers most of The Netherlands, but 

other large rivers discharge through wide estuaries with ripanian aquifers, as in the case of the 

São Francisco and Paraná–La Plata rivers. Pleistocene fresh water may still exist in offshore 

confined aquifers (Edmunds and Milne, 2001; Kooi et al., 2000). 

Along the Atlantic coasts, coastal dune chains are quite common, as in The Netherlands, 

Flanders, Aveiro and Doñana in Europe, and Southern Brasil, Uruguay and Argentina. These 

recent dunes may hold locally important aquifers which are intensively developed, with a high 

risk of salinization. 

The numerous small Mediterranean islands present very variable circumstances, from similar 

to those in the continent, as is the case of Mallorca and Menorca, to specific ones. Malta and 
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Gozo are small carbonate islands with a freshwater lens floating on a continuous marine 

groundwater body. In other small islands more complex situations exist, which include deep 

karstified formation combined with active volcanism. The small volcanic islands often 

contain a low permeability core, but actual information is often poor. 

In the Atlantic ocean, the most important small islands are those of the Macaronesian 

Archipelago (Azores, Madeira, Canary and Cap Vert archipelagos), to which Fornando de 

Noronha island can be added (close to Brasil). They are fully volcanic and seawater problems 

are limited to small –although locally important– aquifers (Custodio, 2010b). Many of them 

are in the arid Saharan belt, while others are quite well recharged, including among them 

some Caribbean islands such as Guadelupe and Montserrat, where seawater intrusion is 

limited to areas close to the shore. 

In the Pacific Ocean, the Galapagos islands are little known form the point of view of 

seawater intrusion. In Easter (Pascua) island most wells, which are close to the coast, suffer 

from some salinization due to the high permeability of recent volcanics (Herrera and 

Custodio, 2008). 

3. COASTAL AQUIFER MANAGEMENT AND GOVERNANCE 

The often numerous groundwater developers of coastal aquifers, a common circumstance in 

groundwater, is a serious problem for management, and especially for groundwater quality 

management. This is an open field of research, technology and social–economic development, 

in which experience is currently very limited. In Europe two well–developed management 

examples are The Netherlands –especially the area of Amsterdam– and the Llobregat delta 

near Barcelona, Spain, which emulate the decades–long experience in California and to some 

extent in Long Island, New York. In the Llobregat case, further to decided action by the water 

authority –even with a barrier to halt seawater intrusion by injecting highly treated reclaimed 

water– a groundwater users association is effective in putting together all groundwater users 

to deal with existing salinity problems. 

Interesting management cases are that of Mar del Plata, Argentina, and nearby areas, where 

abstraction is mostly for town supply, and the Hermosillo plain, Sonora, mostly for irrigation, 

where salinization through upconing from deep formations is a serious problem. 

Sound management examples are scarce. Sharing experience taking into account local 

circumstances is urgently needed to preserve coastal aquifers and their important role for 

supply, agriculture, the environment and the ecological services. Regulations are needed, 

which have to be adequate for dealing with real situations and respond to actual needs. The 

application and management is the role of public organizations and water authorities. 

However, their effectiveness and the possibility of dealing with large territories and the often 

numerous groundwater developers and stakeholders highly depend on their co–operation and 

co–responsibility, which needs them to be organized. Experience in California is encouraging 

but may be difficult to translate into the administrative and legal systems existing in many of 

the European and Ibero–American countries. So developing specific methods is a wanted 

goal, as was the case of the pioneering case of the Llobregat delta (Niñerola et al., 2009). 
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