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erosion that has great social relevance is the increased exposure 
of housing and critical infrastructure to flooding due to extreme 
meteoro-oceanographic events, as seen with storms Gloria (in 
2020) or Nelson (in 2024).

The second problem highlighted by the expert community lies 
in different forms of coastal degradation, including pollution (the 
presence of plastics, heavy metals or substances from agriculture 
and cities), discharges (such as hydrocarbons, wastewater or 
ballast water), the arrival of invasive species, or the overexploitation 
of resources (such as fishing boats). Linked to all of this are urban 
pressure and the tourism model, as well as conflicts derived 
from the overlap of competencies between different sectors 
and administrations.

Despite the social and economic relevance of the coast, the 
resources available for management at the state level are 
insufficient in the face of present and future challenges. If action is 
not taken in the short term on the problems described, there could 
be significant consequences in the medium to long term (over the 
next 50-75 years), which could affect private property, activities 
currently carried out on the coast or critical infrastructure.  The 
expert community warns that the phase of diagnosing problems 
is coming to an end and that it is time to propose disruptive 
plans and actions that are capable of assuming a certain degree 
of uncertainty (for example, in estimates of rising sea levels).

Towards an integrated management of coastal areas

The scientific community insists that in order to provide a 
sustainable and lasting response over time to the problems 
presented by the coast, there is already a solution: to switch 
from current sectoral management to integrated coastal zone 
management (GIZC), as established by the Mediterranean protocol, 
ratified in 2011 by Spain. At the same time, it asks that the entity 
responsible for coastal management be provided with adequate 
material and human resources.

The reason for adopting model is the increasing pressure that 
coastal areas face due to the urban model, the tourist model and 
the exploitation of natural resources. Integrated management 
makes it possible to balance economic development with 
environmental conservation, promoting a sustainable use of 
the coastline. Along the same lines, it is important to consider 
the coastal zone as a whole, the land-sea connection and the 
multiple stakeholders and administrations involved. The scientific 
community insists that citizen participation in management 
decisions must be encouraged and that a long-term vision must 
be maintained.

Focal point

Within the GIZC model, there is no single solution to the problems 
presented by the coast. Adaptations to the physical environment 
are designed to respond to erosion and the effects of climate 
change. Along these lines, in order to achieve a more resilient 
coastline and a landscape that can withstand the different 
pressures to which it is exposed, different types of measures 
are suitable: structural or engineering, those based on nature and 
hybrid. In fact, hybrid solutions stand out as those that provide 
a better adaptation of the physical environment to risks derived 
from climate change. In any case, the implementation of well-
designed adaptations is considered by the scientific community 
as an opportunity to improve coastal environments. Among other 
measures, there is the renaturalisation of rivers to increase the 
transfer of sediments that reach the sea and shape beaches. 
Thus, it highlights the importance of dunes that dampen the 
advance of the sea and salt intrusion. 

Experts point out that the existence of a public domain is key to 
being able to adapt properly to rising sea levels and reduce the 
consequences of coastal flooding. On the other hand, several 
studies have found that measures must take into account, in 
addition to pressures and risks, the connection between people 
and the environment. In other words: we must improve the well-
being of the inhabitants who make use of these spaces while they 
adapt to future pressures. Along the same lines, there are more 
and more voices among the expert community that advocate 
a transformation towards tourism models that increase supply 
linked to the natural values of the territory and demand regulation 
that solves the negative repercussions of overcrowding, especially 
during the summer season. 

The Spanish coast is a territory of great ecological and economic 
value. Along its 7905 kilometres, there are some of the most 
important natural areas in the country (such as the Delta del 
Ebro, the Doñana National Park, or the Albufera de Valencia, 
among many others). In coastal municipalities, around 40% of the 
population lives and receives significant national and international 
tourism, which generates employment and a substantial part of 
GDP. In addition, there are economic activities such as fishing, 
or port transport. At the legal level, a differentiating element of 
the Spanish coast from other countries of the European Union 
is the existence of the public maritime land domain, a strip at 
the intersection between land and sea protected by the Spanish 
Constitution, and a state coastal law that regulates its use.

On the coast, there are a number of problems that are well 
documented and studied by the scientific community. The main 
one is the erosion that beaches suffer due to the alterations that 
occur in the natural transportation of sand. Among the causes of 
the alterations, river dams stand out, which prevent sand from 
reaching beaches, and coastal barriers (such as ports, dams or 
buildings) that make it difficult for sediments to travel along the 
coast. In recent decades, both erosion and floods have increased 
as a result of rising sea levels and the potential increase in intensity 
of maritime storms due to climate change. A side effect of beach 
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On the horizon

To achieve integrated management that 
considers the multiple pressures faced by the 
coast, including possible aggravations resulting 
from rising sea levels, it is necessary to evaluate 
whether the legal and governance framework 
makes this possible. Some analyses carried out 

by the scientific community indicate that current management 
is slow and reactive, rather than proactive, making it difficult to 
implement integrated management. This is partly due to the 
difficulties posed by the distribution of competence, land-sea 
interactions, and the social dimension. In this regard, it is worth 
considering whether almost 40 years after its conception, the 
current coastal legislation has managed to meet the objectives 
set out in its preamble: (1) the removal of private enclaves from 
the public domain in an effective manner that respects the 
rights of individuals, and (2) environmentally protect the coast. 
Currently, different disciplines and social movements question 
whether these objectives are being achieved. 

In the future, it has been advocated that the governance 
framework should aim to protect areas that currently lack 
environmental safeguards, achieve a better balance between 
public and private ownership along the coastline, as demanded 
by social movements, and improve the integration of sectoral 
areas directly related to this issue, such as port management, 
tourism, and land use planning.

There are successful and ongoing experiences in different 
parts of the country that have sought to reorder coastal space 
to reduce beach use pressure, promotenaturalisation and 
anticipate future increases in sea level. At the same time, 
governance formulas including citizen participation have been 
tested. To achieve this transformation on a large scale, and with 
a necessary focus on the medium-long term, it is advisable 
to overcome legal, social and political barriers that may slow 
it down, while investing in raising awareness and empowering 
society. Coastal governance spaces should be places where 
all competent administrations, scientific disciplines, affected 
economic sectors, and citizens can reimagine their coasts so 
that they can be enjoyed in the future. All of this would allow 
for a real and effective implementation of the conceptual 
framework for integrated coastal zone management.
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Spain is a coastal country. This border between the marine and terrestrial environments 
extends for 7905 kilometres along the Atlantic Ocean and the Mediterranean Sea 1. Along it, 
there are different types of environments: from dunes, to estuaries, marshes, interior lagoons 
or cliffs; but beaches are the spaces that articulate greater economic activity. In 2019, 70.5% 
of tourism's Gross Domestic Product (GDP) and 62% of direct tourism employment in Spain 
occurred in destinations known as “sun and sand”2. In addition, with data from 2020, 39.2% 
of the country's population was registered in 480 coastal municipalities3.

Beyond the direct economic impact, people who live close to a coastal area and, in general, 
to the natural environment, enjoy benefits in terms of their mental health and well-being4. But 
when the ecosystem that provided benefits is lost, the answer is one of grief, suffering and 
a sense of loss5. This loss is not only emotional, since coastal areas are the spaces that offer 
the most ecosystem services to society6. Some are tangible, such as obtaining food through 
sustainable fishing, but there are also services for temperature regulation, protection against 
storms, others that prevent coastal erosion or conserve biodiversity, as well as recreational 
and tourist values7—10.

The current situation in most of the Spanish coastal areas is one of great artificialisation: the 
change of land uses has resulted in the degradation of natural ecosystems11. In this context, the 
main problem with sandy coasts, particularly beaches in the Mediterranean arc, is that they 
are becoming smaller due to sand deficits in sedimentary dynamics (because the presence 
of ports, breakwaters, promenades and other coastal and river infrastructures interfere with 
the transport of sand), but also because of the observed and predicted effects of climate 
change. In fact, from 1900 to 2018, global average sea level has risen 21 centimeters, and 
the rate of rise is accelerating12. In addition, in recent years there have been intense storms, 
such as Gloria (2020) or Nelson (2024), which have flooded areas inland. Added to this is 
the difficulty of adapting and moving the coastline inland naturally in areas with constructed 
barries13. In general, both beaches and other ecosystems in the coastal zone are degraded for 
additional reasons: pollution, invasive species, intensification of tourism and urban planning, 
or overexploitation of resources. Along these lines, the scientific community advocates for 
sustainable solutions and management: durable over time and that do not compromise the 
capacity for future adaptation14—16.

In coastal areas, economic activities converge, both on land and at sea, and interests of 
different parties intersect, which are not always aligned. Management occurs at different levels 
of public administration with different competencies (see legal framework section). The first 
Coastal Law was approved in 196917, in order to organise and plan development, activities, and 
sectors, as well as solve existing problems and have a joint governance framework with which 
to make decisions and respond to current and future risks18. However, during the 1960s, 1970s 
and 1980s, the main solution to coastal problems was based on structural rigidity despite 
being ecosystems in constant movement and evolution18.

On the coast, beaches are the 
spaces that provide the greatest 
economic value to the country. 
However, they are being dwarfed 
by sand deficits. Achieving long-
term sustainable management 
requires consensual governance 
between the different 
stakeholders, since static 
situations are not the rule on the 
coast.

Introduction

 · Coast: From the field of ecology, coast is understood to be the strip at the junction of emerged and submerged lands. 
By extension, it also refers to both terrestrial and aquatic areas, close to the true coast.
 · Dune: A quicksand hill that in deserts and beaches is formed and pushed by the wind. On the coast, they run parallel 
to each other and are important for protecting the land against the impact of waves during marine storms.
 · Estuary: A partially enclosed body of water that forms when fresh water from rivers mixes with saltwater from the sea.
 · Marsh: Humid ecosystem with herbaceous plants that grow in water. They are usually linked to estuaries and are 
important for different groups of animals and plants.
 · Coastal municipality: According to Eurostat, municipalities (LAU2) that border the coast or have 50% of their surface 
area a maximum of 10 kilometers from it.
 · Ecosystem services: Benefits that an ecosystem brings to society and that improve people's health, well-being, and 
quality of life. They result from the very functioning of ecosystems. They are, for example, the provision of clean water, 
wood or the use of natural spaces or landscapes for recreational or sports purposes.

Sustainable management of coastal 
areas
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The main problems of the 
Spanish coast are the erosion 
and retreat of the coastline, 
as well as the degradation of 
ecosystems due to pollution, 
overexploitation of resources or 
invasive species.

The expert community indicates that dealing with all these aspects requires management 
capable of integrating all the stakeholders and sectoral policies present on the coast. It points 
out that consensual governance is required among all administrations, companies19, interested 
associations and the scientific community20, to achieve sustainable management21,22. In the 
same way, it is critical to convey to society that coastal areas have a dynamic nature on time 
scales ranging from seasonal cycles, to decades, or centuries, and that static and deterministic 
situations are an exception23.

Beach erosion has been linked 
to the anthropisation of the 
coastline, but it is further 
exacerbated by rising sea 
levels and the potential impact 
of storms, which can lead to 
flooding, saltwater intrusion, 
and damage to infrastructure. 
Erosion affects the maritime-
terrestrial public domain, where 
economic activities converge 
and which physically borders 
private properties at risk.

 · Boundary demarcation: An administrative process that physically delimits which land corresponds to the maritime-
terrestrial public domain.

Coastal areas around the world are exposed to pressures, which may have a global origin 
and reach or are restricted to local and regional aspects24. In addition, different pressures 
can combine and create synergies25 and, for example, accelerate the erosion of a beach26, or 
weaken ecosystems and reduce resilience to other disturbances27. According to one of the 
latest reports on the state of nature in the European Union, only 15% of the marine and terrestrial 
habitats evaluated are in good condition28.  In Spain, environmental groups compile a list of 
the most affected areas of the Spanish coast and indicate possible corrective measures29. 
This report details the pressures that give rise to two of the major problems on the Spanish 
coast (not the only ones): (1) the erosion and retreat of the coastline, and (2) the degradation 
of ecosystems due to pollution, overexploitation of resources and invasive species.

Coastline erosion and retreat

A large number of Spanish sandy coasts are in regression30.31, have lost their dune systems32 
or need continuous sand supplies in order not to disappear33.  Beach erosion has been 
mainly linked to the anthropisation of the coastline and to urban and tourist pressure. In 
addition, rising sea levels and storm damage can cause floods, salt intrusions, infrastructure 
damage and ecosystem changes. This erosion reduces physical space on beaches and 
generates a social and tourist problem34.35. For example, in the Basque Country, a retreat of 
between 10 and 60 metres has been estimated from its beaches36, in the Ría de Vigo the 
reduction is 35%37, and similar values are expected in the rest of the coast. In Spain, several 
regional  strategies against erosion have been developed: for example, in Huelva, El Maresme, 
Castellón, Valencia or Granada38.  Numerous municipalities are demanding greater protection 
of beaches to sustain their tourism or prevent water from reaching private properties, which, 
after a boundary demarcation, could end up being classified as public land39,40.  As a palliative 
measure,  there is a high demand for sand by municipalities that base a significant part of their 
economy on tourism, and they ask the Central State Administration to invest large amounts 
of money to replace the sand and regenerate their beaches every year and, thus, maintain 
its entire extension41.42 (as a reference, the regeneration of the Saler and Garrofera beaches in 
Valencia in 2022 cost 24 million euros43, and a report indicates that  between 2016 and 2020, 
nearly 60 million were employed in the total territory44). One of the sources of sand comes 
from the seabed, but its extraction can affect the integrity of ecosystems and reduce their 
biodiversity45; it also comes from quarries and riverbeds. In addition, it is a finite source and 
is therefore not sustainable in the long term. On the other hand, there are companies that 
recycle construction waste to convert it into sand46,47.  

Pressures and their consequences on the coast
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The supply of sand via 
rivers (the primary source) 
is disrupted by droughts, 
agricultural overexploitation, 
or the presence of dams. 
Additionally, physical barriers 
in the sea, such as ports, 
breakwaters, or groynes, 
can create sand deficits by 
interrupting its natural transport 
along the beaches.

Spain has experienced urban 
and residential development 
that has neglected ecological 
and cultural considerations, 
replacing ecosystems with hard 
infrastructures, many linked to 
tourism.

Changes  in sedimentary dynamics. The reduction of beaches occurs when more sediment 
is lost than is gained, and when there are barriers that prevent the movement of those who 
arrive13. In a significant part of the peninsular territory, most of the sand on the beaches comes 
from rivers, and the rest comes from marine sandbanks or from the erosion of rocky shores 
(such as cliffs)13. This influx of sediments decreases when the flow of the river diminishes, 
either due to natural causes such as a drought, the agrarian overexploitation of water, or the 
presence of dams and reservoirs that restrict the flow of sediments13. Changes in sedimentary 
balance make deltas, such as the Ebro, especially sensitive and vulnerable, which is already 
experiencing problems similar to those projected in other coastal areas 50 years from now48.  
On the other hand, the distribution and movement of sediments on different beaches depends 
on longitudinal transport. Specifically, on our Mediterranean coast, water currents distribute 
sand from the north to the south, so a barrier (such as a port, a dam or a breakwater) stops 
transport: it causes sand to accumulate in its northern part and generates a deficit in the 
south49. On the Cantabrian and Atlantic coast of Galicia, beaches are usually embedded 
and do not face this issue. For its part, the urbanisation of the coastline has eliminated dune 
ridges and prevents the formation of new dunes, which are the natural sand reservoir of the 
beaches and would allow them to recover naturally 13. In short: the channeling of rivers, the 
construction of barriers and excessive urban planning have had an impact on the natural 
dynamics for the formation of beaches and contribute to their disappearance.

Urban and tourist pressure. Spain has experienced significant urban development in coastal 
areas since the 1950s50, which has routinely neglected ecological, landscape, urban quality 
or cultural considerations51. The extensive use of land, the construction of infrastructures 
and the increase in population, has led to the replacement of natural systems with “hard” 
infrastructures, such as promenades, walls, piers, ports or housing linked to tourism (due to 
housing demand52). This pressure has led to the existence of urbanised beaches that, unlike 
natural ones, are usually surrounded by infrastructure and cannot move inland naturally53,54. 
It has also led to a fragmentation and degradation of habitats55, a reduction in biodiversity56 

and an increase in demand for services, including water, with the consequent overexploitation 
and alteration of their physico-chemical characteristics, in particular at the heights ofthe 
holiday season57.

Sea level rise. The rise in mean sea level, combined with extreme metocean events (such as 
intense storms or strong waves), can cause coastal flooding in exposed and vulnerable areas 
where it did not occur before and exacerbate erosion. Sea level rise is a direct consequence 
of climate change, through two different mechanisms. First, due to thermal expansion: warmer 
water takes up more volume61. Greenhouse gases emitted by human activity have increased 
global ocean surface temperature62 (the increase in CO2 causes 70% of global warming due 
to its capacity to absorb and emit infrared radiation, that is, heat, which becomes trapped on 
planet63). Second, the amount of water in the ocean increases as polar ice melts on land and 
glaciers61 (Key point 1). Its impact on the coastline occurs at several levels: (1) economic, due to 
its participation in beach erosion and deterioration of infrastructure (roads, train lines, power 
lines, treatment plants, etc.) and businesses associated with tourism; (2) urban planning, by 
affecting the limits of the maritime-terrestrial public domain (DPMT) and, therefore, putting 
properties at risk of expropriation; and (3) ecological, by modifying the conditions of the 
coastal system in which different species live. Currently, there are different rates of increase, 
more or less intense, for the year 2100 (Key point 1).

Rising sea levels increase beach 
erosion, harm economic assets 
and activities and modify the 
boundaries of the maritime-
terrestrial public domain.

 · Longitudinal transport: Movement of sediments along the coastline due to currents and waves and which determines 
their morphodynamic state. This transport can be interrupted by physical barriers.
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Sea level has risen 0.21 meters 
since 1900 and the rate of 
rise is accelerating, due to 
ocean warming and polar 
and glacial melting. Abrupt 
increases are possible, although 
their prediction is subject to 
uncertainty.

An increase in the intensity of 
the storms is expected, but not 
in their frequency. This would be 
detrimental in highly urbanised 
areas and would contribute to 
the retreat of beaches.

 · DANA: Isolated Depression at High Levels. Formerly known as “cold drop”.
 · IPCC AR6: From the acronym of the English Intergovernmental Panel on Climate Change, corresponding to the sixth 
Assessment Report, published in 2021.

Key point 1. How much will the sea level rise between now and 2100?

There is scientific consensus that the average sea level is rising worldwide and will continue to 
do so. The uncertainty lies in the 'how much´.

Increase estimates. The rate of climb is accelerating continuously: it has gone from an average 
increase of 1.3 mm/year (period 1900-1971) to 3.7 mm/year (2006-2018)12.64. Since 1900, the sea 
level has risen by 0.21 meters, and the predictions of the Intergovernmental Panel on Climate 
Change (known by the acronym in English IPCC) for the year 2100 predict a rise (compared to 
the average sea level of 1995-2014) of 0.28-0.55 m in the most optimistic scenario (SSP1-1.9), 
to 0.63-1.02 m in the most pessimistic scenario (SSP5-8.5)12. In a scenario where sea levels 
rise by one metre, the risks of flooding and erosion would increase in, for example, important 
coastal cities such as Huelva, Santander, infrastructures such as El Prat Airport, or protected 
areas such as the Doñana 65 National Park. 

Why will the sea level continue to rise? Even in an optimistic scenario of the cessation of 
greenhouse gas emissions, the ocean surface temperature will take several centuries to decrease. 
The reason is that the planet cannot immediately emit the extra energy absorbed from the Sun. 
In other words, the energy balance of absorbed solar energy and energy radiated back to space 
has a high persistence66. This balance decreases due to the absorption of excess atmospheric 
CO2 by the oceans and land66, but this process occurs on a scale that exceeds the lifespan of a 
person67. An attempt is being made to compensate for CO2 emissions with intentional removal 
(for example, with technology), although it has been proven that avoiding the emission is more 
effective than subsequent removal68.

Uncertainty and possible disruptions. There are studies that suggest that contemplating a 
low-emission scenario is unrealistic, and that the effect of climate change could accelerate 
more than expected69. The plans and actions that are designed must integrate uncertainty 
into each phase of execution. Given the possibility of a rapid and irreversible thaw of icy areas 
(specifically, of the ice masses of Greenland, West Antarctica, or the permafrost of the Arctic70.71), 
a rise of up to 2.3 metres is estimated by 2100, and 5 metres for 215072-75. In addition, in 2023, 
the global sea temperature was higher than all76 mathematical models predicted. Considering 
these scenarios, as well as other disruptive climate processes, such as a possible change in 
ocean currents77, is important in coastal risk management and long-term adaptation, especially 
in densely populated coastal areas78.

Extreme meteoro-oceanographic events. Storms and DANAs are common on the Spanish 
coast, which are associated with intense rainfall and strong waves79. These events have a strong 
impact on beach erosion and can move large amounts of sand offshore. On the other hand, 
rivers can also mobilise sand that is then distributed on the beaches. The problem worsens 
in highly urbanised areas, where the original hydrographic network79 has been lost and the 
impact of possible floods (on beaches or infrastructure) is very high79.80. The consequences of 
the 2014 storms in Cantabrian81 stand out; storm Gloria in January 2020, on the Mediterranean 
coast, which eroded numerous beaches and affected82 promenades (although it also mobilised 
large amount of sand from the river networks that allowed it, and there are areas that have 
not regressed since then, such as in El Maresme Alto, in Catalonia), or storm Nelson in 2024, 
on the Catalan and Valencian coasts. Regarding future predictions, according to the IPCC 
AR6, an increase in the frequency of these types of events is not expected, but they can 
manifest themselves with a higher wave83 and, in general, with greater intensity84.85. Together, 
the sum of sea level rise and storms increases the extent at risk of flooding. In the port area, 
the Meteorological and Oceanographic Support System of the Port Authority (SAMOA) allows 
monitoring and predicting extreme wave conditions (among other variables) and if there is 
a possibility of levees being exceeded, which would compromise the efficiency and safety 
of port operations. Framed within the SAMOA initiative, the Environmental Scorecard (CMA) 
makes it possible to establish customised alert thresholds for each port based on its maritime 
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There is exposure to heavy 
metals, oils, hydrocarbons, 
plastics, excess nutrients or 
noise pollution, among others.

climate (chracterised by observations provided by various measurement networks86). These 
facilitate decision-making and effective and sustainable environmental management in the 
face of adverse meteoro-oceanographic situations, in order to improve the competitiveness 
of the Spanish port system. Finally, although they are not common in Spain, there is a state 
plan for civil protection against the risk of tsunamis87.

Other forms of degradation of ecosystems and ecosystem 
services

In addition to erosion, there are many other phenomena that can degrade coastal ecosystems 
and jeopardise the benefits that people derive from them, which are called ecosystem 
services. These processes are very varied and, in this report, four of them are addressed: 
different forms of pollution, discharges, overfishing, and invasive species.

Contamination. The coast is exposed to different types of pollutants: heavy metals, oils and 
hydrocarbons, plastics, excess nutrients, and noise pollution, among others. Microplastics are 
fragments and compounds that can enter food and be ingested by people88.89. Its sources 
include plastic bags and bottles, fishing gear or non-biodegradable polyester sanitary wipes90,91. 
With regard to pollutants from agricultural areas92, industrial or urban, these can generate 
excess nutrients in aquatic ecosystems, increase primary production and trigger different 
problems: algal blooms (which may or may not be toxic), turbidity, lack of light or hypoxia (low 
oxygen conditions)93. All of this causes habitat degradation, loss of species, and changes in 
biogeochemical cycles94. Although numerous European directives have succeeded in reducing 
nutrient inputs to the sea95—99, these are not enough to improve the ecological structure 
and function of many coastal areas100. This generates a high expense for municipalities that 
must purify water with excess nitrates101. Finally, passenger container ships and oil tankers 
generate noise at sea and on the coast102, which can affect the ability of marine species to 
communicate, causing behavioral changes or physical damage, including stranded or dead 
whales 103. The expert community suggests moving towards a global regulation of underwater 
noise that addresses its impact and its interaction with other coastal pressures, for which a 
European report has listed different priority actions104.

Discharges. Contaminants can take the form of spills. The activity of ports and cruise ships 
and passengers can release wastewater, ballast water with polluting elements and potentially 
invasive species, or antifouling compounds, among others105. In addition, wastewater discharges 
with poor treatment, or from undersea effluents with low maintenance106, provide microbiological 
contaminants (with an effect on water quality) as well as nutrients and organic matter107. 
Along with brine discharges from desalination plants, these can have an impact on108,109 marine 
ecosystems (such as seagrass meadows, see Key point 2). The recovery of the Bilbao estuary 
should be highlighted as an example of good practice in an extremely degraded space 110,111. On 
the other hand, discharges from oil pipelines and oil tankers in coastal areas have decreased 
by ten, globally in the last decade112, although hydrocarbon discharges can still occur, such 
as the one that affected the Albufera de Valencia113 in 2024. The state has a plan against 
oil pollution, the State Plan for the Protection of the Seashore (order AAA/702/2014), with 
a sensitivity atlas and a vulnerability and risk analysis114. The public agency State Ports has 
coordinated, within the framework of the SAMOA initiative, the development of mathematical 
models to predict the trajectory of possible accidental discharges of hydrocarbons inside 
ports and at their anchorages. These models, integrated into the CMA of each port, facilitate 
consensual and effective decision-making in the face of this type of environmental incident86.

Other phenomena that degrade 
coastal ecosystems include 
pollution, discharges, overfishing 
or invasive species.

Oil and oil pipeline discharges 
have fallen substantially over 
the past decade.
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Invasive species have impacts 
on the fishing and tourism 
sectors. In Spain, the problem of 
the invasive algae  Ragulopteryx 
okamurae stands out, which 
grows very quickly. 

Marine areas under strict 
protection would improve 
fishing in surrounding areas, 
serving as a breeding ground for 
species.

Fishing, aquaculture and shellfish. Overfishing leads to a reduction in the animal population, 
can damage the habitat (as with trawling) and causes damage to the entire marine ecosystem115. 
Therefore, it affects the performance of the fisheries themselves116. The scientific community 
has demonstrated that protecting marine areas (and not fishing in them) favors the regional 
fishing industry, acting as a breeding ground for fish, which move to areas where fishing is 
allowed117,118. The European Union and Spain have committed themselves, through the “Biodiversity 
Strategy for 2030”, to protect at least 30% of the seas in 2023 and that 10% enjoy strict 
protection (i.e., that extractive activities are not allowed)119. This 10% may not be enough to 
maximise fish production120. However, EU countries (including Spain) barely achieve 1% of strict 
protection121. On the other hand, it has been quantified that 90% of protected areas belonging 
to the Natura 2000 Network have experienced trawling, especially on the coast of southern 
Almería122. Environmental associations are promoting the achievement of the commitments 
made123,124, which would have a positive economic impact for fishermen (since protection 
allows fish stocks to recover), in addition to significant benefits for marine ecosystems125. In 
addition, the EU has approved a plan in 2024 for member States to implement sustainable 
fisheries management based on protecting the ecosystem, reducing bycatch and increasing 
the integrity of the seabed126. With regard to shellfish, which accounts for around 10% of 
GDP in Galicia, there is a decline in some species as a result of overexploitation, poaching, 
habitat degradation, pollution, acidification127 and the warming of the sea. This has a strong 
socio-economic impact26.

Invasive species. These affect the ecosystem services provided by other128 species, and can 
impact the fishing or tourism sectors129. The introduction and dispersion of non-native species 
is increasing due to maritime transport (in ballast waters) and aquaculture130, as well as changes 
in habitability as water warms131. The “hard” infrastructures on the coast also make it easier 
for these132-134 species to disperse and take root. The Mediterranean Sea has been the most 
affected by the introduction of exotic species through the Suez Canal (which connects to the 
Red Sea)135. Among them is the Japanese-derived alga Ragulopteryx okamurae, which has a 
great competitive growth capacity128. Spain has a specific control strategy for this species136, 
although its complete eradication is considered to be very complicated to impossible. Some 
voices suggest that possible initiatives to valorise their remains can be addressed as long as 
their perpetuation in the environment is not facilitated137. The entire problem is articulated 
through a dynamic Spanish catalog of invasive alien species, determined by Royal Decree 
630/2013138, which is monitored by regional institutions that issue detailed reports, such as 
in the Balearic Sea Report139. In addition, citizen science initiatives, such as Observers of the 
Sea, contribute to the detection of species of interest in the sea and the coast140,141.

Monitoring of coastal pressures and conditions

Obtaining high-quality, high-resolution data from the coastal zone is the first step in decision-
making based on scientific evidence. Surveillance provides information on morphological 
changes on the coast and the sea, as well as on water quality and different pressures. These 
data make it possible to create predictive systems based on mathematical models that provide 
information in the short term (for example, anticipating wave conditions days in advance), 
but also in the medium-long term (such as with regard to climate change). 

Obtaining high-quality, high-
resolution data from the coastal 
zone is the first step in decision-
making based on scientific 
evidence.

 · Red Natura 2000: European network composed of Sites of Community Importance, Special Conservation Zones 
and Special Protection Areas for Birds. These spaces will be considered protected areas, with the specific name of 
Natura 2000 Network protected areas. In accordance with Law 42/2007, of December 13, on Natural Heritage and 
Biodiversity, they must have planning tools.
 · Acidification: A phenomenon that involves a decrease in the pH of seawater due to the absorption of atmospheric 
carbon dioxide. This process has significant implications for marine ecosystems, such as calcifying organisms.
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In the public administration, measurement networks operated by State Ports stand out, 
distributed along the coastline. They include buoys, tide gauges, weather stations, and high-
frequency radars (which are located on the shoreline and are capable of providing data on 
surface sea currents and waves, among other parameters142). In addition to applications for 
the general public, measurement networks support ports within the framework of the SAMOA 
system to make operational decisions that guarantee safety and sustainable environmental 
management in the port environment86. 

On the other hand, information on the state of the coast can also be obtained through videometry143,144 

(camera system for studying the evolution of the coastline and state of the beaches), satellites 
such as the Sentinel-3 of the European Copernicus program (high-resolution information on 
the state of the coastline or water quality145,146), drones, small plane flights, and observation 
techniques with LIDAR that allow 3D models of the coast147. In addition, coastal erosion 
monitoring can be carried out through citizen science initiatives such as CoastSnap148,149, a 
worldwide project that allows beach users to record images with their mobile phones at low-
cost fixed stations. This initiative raises public awareness of coastal erosion while obtaining 
high-resolution data from150 Spanish beaches.   

 · Integrated coastal zone management: It can be defined as the process legitimised through a public policy, with a technical-
scientific basis but which takes into account traditional knowledge, aimed at the administration of common goods and 
public interests; which is oriented to decision-making to obtain the best and most equitable social and economic benefit 
from the services of coastal and marine ecosystems, taking special care to conserve natural capital, cultural heritage 
and landscape; while facing the risks and threats that loom over people, assets or resources.

The expert community points 
out that, in order to achieve 
sustainability in the medium 
and long term, it is necessary 
to carry out integrated coastal 
zone management (GIZC).

Sustainable adaptation of a dynamic system

A coastline adapted to withstand the pressures to which it is exposed requires considering 
all the present socio-ecological dimensions, assuming their interconnection, and balancing 
them simultaneously23. The expert community points out that in order to achieve coastal 
sustainability, it is necessary to carry out integrated coastal zone management (GIZC, by its 
Spanish initials)151. This is a medium and long-term knowledge-based approach that seeks 
to balance environmental, economic, cultural and recreational objectives, within the limits 
imposed by the natural dynamics of a place152. In short, it promotes the sustainability of 
coastal areas through the participation and cooperation of the parties involved in the field, 
and defines actions to achieve the agreed objectives. Each solution must be adapted to local 
particularities, but taking into account the possible impact of measures at the regional level 
(for example, the presence of a physical barrier for sand to accumulate on a beach could 
deprive an adjacent municipality of sand; or certain agricultural practices can contaminate 
a nearby body of water, as is the case in the Mar Menor)152. 

The European Union has made these principles explicit as recommendations since 2002152, 
and indicates that measures must have the support and participation of all local, regional 
and state administrative bodies. It also points out that different instruments should be used 
together to facilitate coherence between sectoral policy objectives, planning and, ultimately, 
management. Specifically, for coastal areas of the Mediterranean, since 2011 there has been an 
official international protocol relating to integrated management, signed by Spain, the EU and 
other surrounding countries153,154. There are voices in the scientific community that observe 
that the practical application of this protocol in Spain is scarce155, but the strategy designed 
for the Mar Menor and its environment156 could be highlighted, in which a process was carried 
out with the public participation of all the actors of society involved and considering a large 
coastal area, in which pressures from land and sea could be quantified to evaluate impacts157.
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On the other hand, digital twins of the coast are being developed to incorporate all processes, 
quantify uncertainties and possibilities, and facilitate decision-making158. The chosen measures 
should have adaptive potential and self-organization capacity (both social and ecological)23. 
Finally, it has been highlighted that there is a need to train managers and decision-makers on 
potential solutions, taking into account long-term coastal dynamics, as implementing adaptation 
measures will become more challenging as sea levels continue to rise159.

Land use planning and adaptive urbanism

Urban development on the coast, which began in the 1950s, was largely done without taking 
into account the natural dynamics of the coast, which has increased vulnerability to different 
pressures. It has been quantified that 80% of the urban areas on the coast contain ecosystems 
that could benefit from effective integrated management160. Currently, there are voices from 
urban planning and landscape design that advocate a change of scale: from traditional civil 
works, to a reconstruction of the landscape as a whole23; and that at the same time consider 
current risks and forecasts of possible long-term threats (for example, rising sea levels), and 
the governance framework. It must be considered that urban planning powers are held by 
autonomous communities and municipalities, but the DPMT is public and management is 
the responsibility of the State, although at the ecological and coastal dynamic levels both 
parts are connected161. The objective is to achieve the resilience of the entire system, by 
integrating into coastal planning the urban elements already present in the planned designs, 
actions and structures23. 

Resilient landscape design. The general principles of resilience must be the basis for 
building a landscape that protects against climate pressures, reduces the impacts of rising 
sea levels and extreme events and, at the same time, improves biodiversity and the health 
of inhabitants23,162. This requires thinking at multiple scales simultaneously: from the region 
to neighborhood23. Numerical modeling to determine the effect of rising sea levels makes it 
possible to quantify local risk and uncertainty, helping in landscape planning and defining 
the actions to be taken in adaptive management163. There are studies that include social 
participation through local-based management,   as a tool to understand the values, interests, 
and needs of the inhabitants of each place, and to achieve greater social acceptance of the 
solutions adopted164—166.

Private property on the waterfront. Urban areas close to water are more exposed to potential 
flooding and are susceptible to several adaptation approaches: defense, accommodation, 
strategic relocation or risk reduction167. The strip most immediate to the coastline is in the public 
domain and belongs to the State. These limits are defined by state coastal legislation168,169. In 
the event of a retreat of the coastline, it may happen that private properties come into contact 
with water and become within the public domain through the administrative delimitation 
procedure170 and, therefore, be susceptible to a change of ownership. This, together with 
the loss of some beaches, generates social alarm171. Urban planning adapted to forecasts of 
sea level rise must be linked to collective action and ensure the fairness of its application172.

 · Digital twins: Virtual model of an object or system that is updated from massive data. It can simulate from one cell a 
computer system, an ecosystem, or an entire city. They are used to perform simulations and study the behavior of such 
a system and then adapt the solutions to the real world.
 · Self-organisation: A process in which order or coordination is established based on the local interactions of the components 
of an initially disordered system, which occurs spontaneously, without the control of external or internal agents.
 · Resilience: Within the framework of land use planning, resilience is the ability to resist pressure and to return to a previous 
state. It is based on the principles of diversity, redundancy, network connectivity, modularity and adaptability.
 · Adaptive management: Type of management in which a cycle is carried out and the situation and the resulting scenario 
are observed, actions are taken again, and the observed changes are responded to. Then, the situation is re-evaluated 
and actions are taken again, applying the lessons learned. In other words, it takes into account the dynamic nature of 
the coastal system.
 · Local-based management: Management that considers how different groups of people identify with coastal spaces as 
“places” that have their values and meanings, beyond simply being “spaces”. There are tools and techniques that can 
obtain information from the local population to support different coastal management strategies.

The scientific community 
advocates for shifting from 
traditional civil engineering to 
a comprehensive landscape 
restoration approach, taking 
into account current risks and 
future projections. 

To achieve a resilient coastline, 
multiscale thinking (from the 
neighborhood to the regional 
level) is necessary, as well as 
adaptive and locally-based 
management.

If the shoreline changes, it may 
happen that private properties 
come into contact with water 
and become in the public 
domain. There is intense social 
unrest in the affected areas.
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Types of adaptation measures

To achieve a more resilient coastline and a landscape that can withstand the different 
pressures to which it is exposed, different types of measures are suitable: structural or 
engineering (also known as' hard 'solutions, or' gray 'infrastructure), those based on nature, 
and hybrid between both types. A meta-analysis found that combining nature-based and 
engineering-based solutions offered a better adaptation to pressures derived from climate 
change, particularly in low or medium disaster risk173, as is the case of Spain (Japan being, for 
example, a country at high risk, due to its exposure to tsunamis). The measures detailed below 
can be implemented to maintain the coastline, even to advance it, or to allow for controlled 
relocation or retreat, an approach that is the basis of management in the United Kingdom174, 
and which has also been contemplated in France175. This model is compatible with voices 
from the scientific community that speak of areas that must be protected (slightly altered), 
areas that can be brought to a desirable state (and therefore adapted), and others that are 
too altered, which would not be a priority.

Structural or engineering solutions. These are the traditional man-made infrastructures, 
based on stone, steel and concrete176, that protect the coast from floods and try to reduce the 
force of the waves. In many locations, the operational life of some maritime retaining walls has 
been extended in order to keep the coastline177 stable.  However, concerns about ecological 
impacts178 and medium-term sustainability179 have led to more strategic approaches42,180,181. 

Although they may be limited by the dynamic nature of the pressures and risks to which 
the coast176 is exposed, they can go from being hard to semi-hard structures, or from fixed 
to mobile. By becoming multifunctional, they can be integrated with nature-based solutions 
and become hybrid solutions23. An example is the so-called artificial living reefs that mitigate 
waves and, at the same time, due to the type of material, their shapes and arrangement of 
the pieces, have served as a habitat for marine life and improved biodiversity182.

Nature-based solutions. They are designed to work with natural processes, and provide 
multiple ecosystem and coastal protection benefits. They would function analogous to 
natural ecosystems without human intervention in terms of their resilience and associated 
biodiversity183. They have gained momentum in Europe since the 1990s and especially between 
2005 and 2015, especially in wetlands, due to their capacity to be sustainable and resilient184. 
Its effectiveness will depend on the magnitude of the climatic pressures and social reality 
of the area. Therefore, it is important to consider and manage uncertainty through a variety 
of strategic options185. For example, the restoration (with criteria based on the functioning of 
nature) of riverbeds and associated wetlands reduces the effects of floods in municipalities 
that have an outlet186 and improves natural sand supplies. The existence of wetlands mitigates 
floods187, reduces wave energy188.189 and is considered an economically viable option in the 
face of an intermediate rise in sea level190,191. Along with dunes, wetlands are a good natural 
solution to protect against192 floods and absorb wave energy193,194. Although not always possible, 
removing physical barriers so that dunes can move inland allows them to maintain their 
protective function when sea level rises195. It should be noted that the ecological restoration 
of these systems must take into account that young ecosystems are also optimal for many 
species196. On the other hand, seagrass beds provide a large number of benefits, including 
protection against waves (Key point 2).

Classic solutions based on steel 
and cement can be combined 
with nature-based solutions and 
become hybrid solutions.

They function as part of natural 
ecosystems and can reduce the 
impact of climate pressures. 
Examples are dune systems, 
wetlands or artificial reefs.

There are engineering, nature-
based, or hybrid measures.
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Seagrass conservation is 
a solution to reduce wave 
strength. They are particularly 
effective in the face of major 
storms and extreme weather 
events.

Towards a more sustainable tourism

In the coming years and in accordance with current trends, changes in demand are already 
being observed due to climate change. At the same time, the sector is demanding to protect 
its economic activities, especially in those businesses linked to sun and beach tourism222. 
There are more and more voices calling for a transformation towards tourism models that 
increase supply linked to and respectful of the natural values of the territory. Meanwhile, the 
populations receiving seasonal tourism, especially in the Canary and Balearic Islands, are 
showing their discomfort about the negative repercussions of the overcrowding they receive 
during the summer season223,224.

There are voices that advocate a 
transformation towards tourism 
models that increase related 
supply and that protect the 
natural values of the territory.

Key point 2. Conservation and restoration of seagrass meadows.

The existence of underwater grasslands is a nature-based solution. It has been observed that 
its presence reduces the strength of the waves and that even low-lying meadows can reduce 
beach erosion by up to three times as much as three times as a result of wave197. They are 
particularly effective in the face of large storms and extreme meteoro-oceanographic events198,199. 
On the Atlantic-Cantabrian border, they stabilise coastal wetlands, helping sedimentation to 
adapt to the rise of average sea level200. In addition, these ecosystems provide other benefits: 
they are a habitat for species of fish and other marine animals, they provide food security to 
coastal populations and can accumulate and eliminate microplastics201 and heavy metals202 
from the water column. Thus, if a disturbance degrades grasslands, accumulated pollutants 
could be released203. Among its threats are their physical removal by anchors from boats 
(recreational boats can damage them very easily)204,205, some shellfish practices and, until the 
1980s, trawling less than 50 metres deep206 (banned since 1975207). They are also affected by 
poor water quality derived from nutrient discharges from agriculture or aquaculture208,209, or 
from undersized treatment plants), while the regeneration of beaches with very fine sediment 
sand can slow down or prevent their recovery210. This is when grasslands are most vulnerable to 
marine heatwaves211. It should be noted that, in areas of the Mediterranean Sea, the degradation 
of Posidonia oceanic meadows seems to be slowing down212, in part thanks to improvements 
in water quality213. On the other hand, in the Atlantic Ocean, grasslands are recovering214. Even 
so, full recovery is very slow and can take anywhere from a215 decade to almost 100 years, due 
to its low growth rate206. For this reason, the scientific community insists on the importance of 
protecting and conserving existing grasslands, in addition to planning long-term restoration.

Blue carbon ecosystems as a sink for emissions. Carbon, captured and stored in coastal 
ecosystems with vegetation, such as seagrass meadows or216 marshes, is called “blue carbon”. 
Climate change mitigation strategies require: (1) reduce CO² emissions from fossil fuels, (2) 
technological solutions for the removal of atmospheric CO2

217,218, whose effectiveness and risks 
are still very unknown219, and (3) expand ecosystems that accumulate carbon for long periods, 
while evaluating other options. In this context, it has been estimated that the restoration of 
coastal ecosystems could remove approximately 3% of annual global emissions until 2030 
(compared to the average of emissions in 2019 and 2020)216. Despite scientific and media 
interest, a complete restoration is slow and has many difficulties216. So much so, that the ability 
to achieve this 3% compensation of emissions has been questioned220. In addition, voices within 
the scientific community report that there is a mismatch between the time scale at which 
emissions are made (faster) and at which they could be removed through ecosystems (slower)221. 
Therefore, the restoration or protection of these ecosystems can never replace strategies to 
reduce emissions. The great advantage is that their protection can stabilise the carbon already 
stored in the sediment and prevent the emission of more CO2 into the atmosphere, even if they 
do not absorb more than they already have accumulated221.

The best strategy for seagrass 
meadows is their conservation, 
as they grow slowly. At present, 
its ability to compensate for  CO2  
already emitted is debated.
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Tourists are willing to pay fees 
to finance public policies that 
reduce the effects of climate 
change in coastal destinations.

A lower tourist influx is being 
observed in the coastal 
provinces of southern Spain, 
to the benefit of the cooler 
provinces in the north.

Effect of climate change on tourist flow. Increases in temperature and humidity cause loss 
of comfort and, as they rise, they can endanger human health and increase the mortality 
rate due to heat. Faced with a global temperature increase of 2ºC, some areas of Europe, 
including Spain, could approach the thermal limits of human survival225. This effect seems 
more serious in some subtropical coastal locations where they are already reporting wet 
bulb temperatures   that reach this limit226. In Spain, this level is not expected to be reached 
in the short term, but a variation in seasonal volume is expected, with a possible increase in 
tourism in spring and autumn and a decrease in summer due to excessive heat, especially 
in the Mediterranean region227. Another pattern that is already being observed, and which 
is expected to increase, is that the coastal provinces of southern Spain lose attractiveness 
due to an increase in temperature that tourists consider to be above their comfort zone228. 
Thus, economic losses (as its market share decreases) are expected during summer228, with 
a benefit for the colder provinces of the north and a decrease in travel to the provinces of 
the south229. This requires a series of short-term adaptive measures.

Adaptive measures. Adaptation can benefit from the analysis of preferences to design policies 
that maximise social welfare and thus recover the expected losses in the share of the travel 
market228. Among the many classic factors that weigh on the decision of one destination or 
another (such as the price, the offer of activities, etc.), in recent years, the decrease in the 
surface area of230 beaches and the increase in heat, in particular among foreign tourists231, 
have been gaining weight. In addition, some studies indicate that tourists are willing to pay 
fees to finance public policies that reduce the impacts of tourism itself and climate change 
on coastal destinations, and that they value economically the environmental preservation of 
tourist areas35. At the same time, they are willing to reduce and offset their carbon footprint 
in 232 destinations. At the level of strategic governance, the “National Plan for Adaptation to 
Climate Change (PNACC)”233 indicates the need to integrate adaptation to climate change 
into plans, programs and strategies in the field of tourism, including the “Sustainable Tourism 
Strategy of Spain 2030”, still under development234.

Promotion of sustainable tourism. As mentioned in the PNACC, sustainable tourism is one 
that takes into account the environmental load capacity, physical space and the climatic 
conditions of233 destinations. The benefits are valid both for places that are already exposed 
to high seasonal pressure, such as Andalusia235, and for areas that may see an increase in 
demand (northern Spain). Some examples of measures are to promote a type of tourist who 
values nature, hiking or cycling. In the same way, it is proposed to promote green routes in 
less hot areas, link tourism activity to environmental protection projects236 or establish a 
quota system, such as the one existing in the archipelago of the Cies237 Islands. On the other 
hand, it is worth considering increasing waste management and water purification capacity 
in situations where the population doubles or triples, to reduce pollution and pressure on 
the environment, as well as pressure on basic services and housing prices238,239. In this regard, 
some organizations and social movements in the Canary Islands demand that the purchase 
of housing by foreigners be limited and regulated, an ecotax, and a review of the economic 
model of the224 islands. Part of the scientific community points out the need for greater 
multidisciplinary research on the impacts of tourism when making strategic management 
decisions and in society.

 · Wet bulb temperature: A temperature that considers relative humidity. It is considered that 35ºC with maximum 
humidity is the physiological survival limit for people (this limit rises to 40ºC with a relative humidity of 75%).

Sustainable tourism takes into 
account the environmental 
load capacity, physical space 
and climatic conditions of 
destinations.
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Port sector

Spain has 46 ports of general interest managed by 28 port authorities, which constitute the 
state public port domain, in addition to others of regional competence (small in size, such as 
marina). Ports are critical to the Spanish economy, since 60% of exports and 85% of imports 
pass through them, contributing to 1.1% of Spanish GDP240. But rising sea levels combined 
with an increase in the intensity of extreme meteoro-oceanographic events threaten the 
operability of ports, which could significantly reduce current operational capacity, especially 
after 2070, if adaptation measures are not taken241. For this reason, the public body of State 
Ports has published specific reports on the vulnerability of its ports, with information that 
transcends its sector and is of interest for the sustainable management of the entire coast240.

European ports are at risk of being affected by extreme sea level variations, with an increase 
of more than 25% in the load affected by the high warming scenario (IPCC scenario RCP8.5) 
compared to the intermediate scenario (RCP4.5)242. On the other hand, a significant increase 
in demand for port activity areas is expected by 2050, which will require the construction 
of new areas and the adaptation of existing ones to maintain current levels of operation in 
the face of rising sea levels243. The number of ports affected by the overflow of waves over 
the dikes and the economic impact of these events will increase as sea level rises, although 
significant savings can be achieved in adaptation measures if a minimum level of damage 
is allowed, as shown by a study in Catalonia244. In addition, State Ports has a245 sustainability 
strategy that includes formulas to reduce waste, pollution and waste discharges derived from 
port activity246. In addition to the Strategic Framework for the port system of general interest 
(Order TMA/1014/2022)247, the Autonomous communities. may propose additional actions in 
their area of competence248.

Coastal protection requires 
an integrated vision, 
but competencies are 
fragmented between different 
administrations.

State ports are exposed to 
pressures derived from climate 
change and, for this reason, 
they have developed adaptation 
strategies. Port demand is 
expected to increase by 2050.

The objectives of the coastal law 
have not been effectively met, 
with regard to the elimination of 
private enclaves from the public 
domain, and with regard to 
environmental protection.

Legal and governace frameword of the coast

Legal regulation requires an informed view of science, human rights and the environment. 
Although coastal protection requires a comprehensive perspective and vision, related 
competencies are very fragmented among different public administrations249 (Key point 
3). Comprehensive management must consider legislation and governance at the state, 
regional and municipal levels, in land and coastal planning249. However, the distribution of 
competence, land-sea interactions and the social dimension make derivative management 
slow and reactive rather than proactive; in other words, it hinders the real implementation 
of integrated management155. Legal scholars of the subject indicate that it is necessary to 
achieve a culture of administrative cooperation in the face of a compartmentalised vision 
of competencies250.

Coastal law

Limitations of the Coastal Act. The Coastal Act of 1988169, amended in 2013252, responded to 
the constitutional order. Its preamble summarises two main objectives: (1) eliminate private 
enclaves from the public domain effectively and with respect for the rights of individuals, 
and (2) environmentally protect the coast270. However, from different disciplines (including 
the legal sphere, social movements and various associations271), it is indicated that these 
objectives have not yet been effectively met. The 2013 reform valued the coastline from 
an economic perspective, but the “protection and sustainable use of the coastline” were 
not the focus of the new272 legislation. In addition, it solved some problems arising from the 
application of the Coastal Law through exceptions (some population centers were excluded 
from the DPMT, and concessions of private property on public land were extended)272. With 
its virtues and deficiencies, this regulatory framework was a milestone in the relationship 
between the citizen and the Administration with the coast273.
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The coast contains the only 
category of public domain 
assets mentioned by the 
Spanish Constitution of 1978. 
The governance framework 
is one of a wide division of 
competence, with numerous 
sectoral policies in different 
departments.

Private properties on the border, 
or in the maritime-terrestrial 
public domain, are especially 
vulnerable to the retreat of the 
coastline. A greater balance is 
called for with respect to public 
and private property.

Key point 3. What is the governance framework in coastal areas?

Legal system. The coasts contain the only category of public domain assets directly mentioned 
by the Spanish Constitution of 1978: the “Maritime-Terrestrial Public Domain” (DPMT). This 
includes the seashore (beaches, dunes and rocky coastline affected by tides and wave splashes), 
the territorial sea and inland waters, as well as the natural resources of the economic zone and 
the continental shelf168. The DPMT is specified by Law 22/1988, of July 28, on Coasts169, and 
Royal Decree 876/2014, of October 10, which approves the General Coastal Regulation251. In 
addition, the State is vested with the competence to enact basic legislation on environmental 
protection (which the autonomous communities can expand and manage). On the other hand, 
the Autonomous communities., according to their statutes of autonomy, and municipalities have 
powers and legislation in land planning, urban planning, public works or ports, as established by 
the constitution and summarised in Law 2/2013, of 29 May, on the protection of the coast252, 
which implies management outside the DPMT. These competencies allow CCs to. AA. manage 
strips of 100 and 500 metres inland, called “protective easement strip” and “area of influence”, 
in which works and buildings are limited and architectural screens must be avoided. Also, some 
Autonomous communities. have transferred functions and services from the General State 
Administration in matters of coastal planning and management, such as Canary Islands253, 
Balearic Islands254, Andalusia255, Galicia256,257 or Catalonia 58. On the other hand, a ruling of the 
constitutional court in 2024 with respect to Galician law (STC 68/2024)259 includes the function 
of granting authorizations for the use and occupation of the DPMT in the exclusive competence 
over land and coastal planning, while keeping state powers unaffected if such authorizations or 
the approved plan fail to comply with coastal legislation.

Sectorial legislation. There are numerous activities that take place on the coast that have their 
specific legislation or management instruments. With regard to environmental protection, stand out 
Law 42/2007, of December 13, on Natural Heritage and Biodiversity260, which regulates protected 
areas, and Law 21/2013, of December 9, on Environmental Assessment261, which regulates plans, 
programs and projects that may have significant effects on the environment. On the other hand, 
Royal Legislative Decree 2/2011, of September 5, which approves the Consolidated Text of the 
State Ports and Merchant Marine Act262, and Law 5/2023, of March 17, on Sustainable Fisheries 
and Fisheries Research263 stand out.

Strategic and operational instruments. In the executive, the main competent department is 
the General Directorate of Coasts and the Sea264, with the subdirectorates of DPMT, Coastal 
Protection, and Sea Protection. This department has articulated nine strategies for the protection 
of the coast38. It also deals with post-storm repair works, and the assessment and management 
of coastal flood risks through Directive 2007/60/EC265. On the other hand, all Autonomous 
communities. have a specific strategic instrument, in addition to different sectoral operational 
mechanisms (for fishing resources, port activities, protected areas, land uses, cultural activities, 
tourism, or DPMT)266. In 2016, the Strategy for Adaptation to Climate Change for the Spanish 
Coast267 was presented, which resulted in actions through the PIMA Adapta COSTA268. With 
this instrument, the Autonomous communities. have been able to assess the vulnerability of 
their coastal areas83,269.

Public-private balance on the coastline. The current retreat of the coastline (as well as 
the one shown by medium-term forecasts) caused by climate change and coastal erosion 
is increasing social conflict, as new private properties are affected by the limit of the public 
domain222. Numerous administrative disputes and social movements have been activated 
calling for the regeneration of39 beaches to prevent new areas from becoming public domain274. 
In this same context, legislative proposals are framed for the protection of urban areas of 
cultural, historical or tourist interest that existed before their inclusion in DPMT275. There has 
also been a demand for a greater legal balance with respect to public and private property 
and that the elimination of private enclaves from the public domain be done effectively 
and with respect for the rights of individuals). From the point of view of law, there is talk of 
reconsidering and reconfiguring compensatory concessions in terms of damage, which is 
the main problem for private landowners in276,277 coastal areas.
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Environmental protection. The main brake on urbanisation in coastal areas has been 
placed by nature protection figures278. However, 13.5% of the coastal surface still has natural 
habitats without any protection figure278. For this reason, conservation and environmental 
organizations are asking to deepen basic state competence for environmental protection 
to preserve unbuilt areas, and to create more protected areas278. The benefit of exhaustive 
and substantive regulations that establish environmental limits to be complied with in 
land use planning has been noted. For example, sustainable management must consider 
the carrying capacity of beaches and not grow urbanistically and economically beyond 
what physical and natural space allows239. Despite the risk of a conflict of competence 
(between environment and land use), on previous occasions, the Constitutional Court 
(STC 149/1991, FJ 1.B) has supported the regulations established by the State on the 
basis of its basic environmental competence, understanding that competence in land 
management cannot override the environmental powers that the Constitution reserves 
to the State279,280.

Coastal regulations

Based on the Coastal Law, a regulation is generated that develops legislation. In the 
2010s, the regulatory framework did not have a complete methodology for delimiting the 
boundaries of the maritime terrestrial public domain, which could lead to uncertainties 
in the technical application and, therefore, in legal rights281. In 2024, the Ministry for the 
Ecological Transition and Demographic Challenge released for public consultation the 
Draft Royal Decree to modify the General Coastal Regulations of 2014282. Its purpose is 
to make progress in the adaptation of coastal regulations to the current and predicted 
climate reality, and indicates that there is no regulatory alternative that does not involve a 
change in the regulation. Specifically, its objectives are: (1) that the regulation modulates 
and objectives the decision on the granting of concessions and extensions so that the 
DPMT is protected for public use and enjoyment and to ensure its conservation and 
protection, (2) adapt the regulation to Law 7/2021, of May 20, on climate change and energy 
transition, (3) develop the legal definitions of certain DPMT assets, and (4) correct some 
errors and dysfunctions282. A similar reform in 2022 had the approval of283 environmental 
organizations, but was declared null and void by the Supreme Court in 2024.

Interaction with the marine and inland waters

With regard to the marine environment, that is, those areas that transcend the DPMT 
inland, Spain is subject to the European Directive 2008/65/EC, of June 17, 2018, on Marine 
Strategy, which ensures the good condition of its waters284. This directive is transposed 
into Law 41/2010, of December 29, on the Protection of the Marine Environment285. In 
addition, Spain coordinates its marine management through 5 Maritime Spatial Planning 
Plans (POEM), approved by Royal Decree 150/2023286, which ensure sustainable uses of 
the sea, within the framework of European Directive 2014/89/EU287. This Royal Decree 
addresses the declaration of reserves of strategic sand deposits and their inclusion as 
DPMT.

With regard to land-sea interaction, particularly on inland waters, the European Water 
Framework Directive288 promotes global and inclusive management of all waters, including 
transition waters (near river mouths) and coastal waters (up to one nautical mile out 
to sea). This regulation establishes (1) preventing any deterioration of water bodies, (2) 
achieving good (ecological and chemical) condition, and (3) reducing pollution and 
eliminating discharges and emissions. Spain regulates transition waters through Water 
Law289 and frames them within the DPMT.

Environmental organizations are 
calling for deepening basic state 
competence for environmental 
protection to preserve unbuilt 
areas, and create more 
protected areas.

The regulation specifies basic 
coastal legislation, and includes 
nuances derived from climate 
change legislation.

The regulation of the marine 
environment and inland 
waters is important in coastal 
management.
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As a socio-ecological system, any adaptive measure to the pressures of the coastal zone must 
consider both the natural environment and society, as well as the relationship or interaction 
between the two290—292. This consideration increases the resilience of the area and improves 
well-being and sustainability in the face of situations of change or disturbances293. To ensure 
that the measures adopted improve the well-being of society and provide the greatest 
possible support, while using public resources efficiently, it is necessary to take into account 
all the benefits that society obtains from the ecosystems of coastal areas10,294,295. To this end, 
economic valuation must go beyond the economic contribution to GDP and employment, and 
take into account all the ecosystem services it provides, and incorporate into the analysis 
other benefits that contribute to well-being and health, to heritage conservation, to social 
dynamization, or to personal development linked to the environment295.

Along these lines, successful experiences have been developed in some parts of the Spanish 
coast. One of them is the case of the Port of Huelva area. There, a 4-kilometre-long ecological 
restoration was successfully carried out in which industrial activities were integrated with the 
natural, social and historical values of the area, with296 social participation. The preferences 
of the inhabitants with respect to different native plants were assessed and it was found 
that although 75% of citizens recognised benefits of coastal wetlands, many were not aware 
of their ecosystem functions and services297. Thus, after the restoration, the number of 
visitors increased by 27%, and the reasons for visiting it were: walking, cycling, fishing, taking 
pictures and watching297 birds. This integration includes environmental education through 
informational panels296. It is one of 116 examples of good practices around the world regarding 
hybrid city-port integration compiled in a compendium by the “International Association of 
Cities and Ports”298.

Regarding beaches or urban spaces, another example is the Barcelona City Council's Coastal 
Plan, which includes 63 projects along 15kilometres of299 coastline. Among them, the one 
focused on the Mar Bella promenade: it has been approved to reorder the space to reduce 
the pressure of using the dry beach and promote other activities (sports and leisure) in an 
equipped park and on a naturalised promenade with a terraced edge that improves the city's 
relationship with the sea, and that is prepared for future scenarios of erosion and rising sea 
levels300,301. Another example is LIFE AdaptCalamillor, a pilot governance project supported by 
the European Union for adaptation to climate change on the Balearic coast centered on the 
bay of Cala Millor, an urban beach with more than ten years of environmental monitoring302. 
It includes all the elements of integrated and sustainable management: science, citizen 
participation, governance and nature-based solutions. The objective is to evaluate adaptation 
strategies that have the support of society and different stakeholders, with tangible and 
delimited actions. In the long term, this project aims to serve as inspiration and to be scalable 
on other urban beaches on the Spanish coast303. With the same objective, there is the LIFE 
Garachico project, in the Canary Islands and in the Azores, to achieve flexible adaptation in 
coastal areas in the face of extreme events and coastal floods, involving different social and 
economic actors304,305.

These and other examples illustrate that the most effective solutions are those hybrid 
solutions that incorporate engineering knowledge with solutions based on nature, with social 
participation, within a robust legal framework and with resources that facilitate adaptation 
to the current and future challenges of the Spanish coast. 

Socioecological resilience and relationship with the natural environment

Consideration of the value 
that the environment brings 
to people improves social 
acceptance of coastal 
interventions. There are 
successful examples on the 
Spanish coast.
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• The Spanish coasts are a territory of great ecological and economic value: around 40% of the population 
lives there, there are important natural areas, and a variety of economic activities are organised there. 
The Spanish Constitution protects the maritime-terrestrial interface strip, which is in the public domain.

• However, its integrity is threatened by erosion, due to reduced sand input from dams and reservoirs, 
rising sea levels and destruction after storms. They also face pollution and spills, invasive species and 
overexploitation of resources. These factors, together with urban pressure and the tourism model, 
affect coastal ecosystem services.

• The expert community warns that the phase of diagnosing problems is coming to an end and that it 
is time to propose disruptive plans and actions, assuming some uncertainty. Adapting the coastline 
remains urgent and represents an opportunity to improve coastal environments.

• The Mediterranean Protocol on Integrated Coastal Zone Management (GIZC, ratified by Spain in 2011) 
includes guidelines supported by the scientific community and establishes a shift from current sectoral 
management to an integrated one, but it has not been developed.

• The adaptation of the coastline includes structural or engineering measures, based on nature, or hybrid, 
that stand out in the face of risks derived from climate change. In parallel, the need for solutions that 
improve the well-being and connection of people with their environment has also been pointed out.

• Current management is slow and reactive, due to the complexity of the distribution of competencies, 
land-sea interaction and social aspects, which makes it difficult to implement integrated management.

• Current coastal legislation aims to protect the environment and eliminate private enclaves from the 
public domain (effectively and with respect for the rights of individuals), but expert voices are calling 
for more ambition and better integration of sectors such as ports, tourism and land use planning.

• The scientific community specialised in GIZC works to overcome competition barriers, promoting local 
projects that promote spaces of shared governance between different sectors and administrations.

Key concepts
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