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Between hard protection measures, nature-based solutions, and managed retreat:
Adapting coastal areas to sea level rise in the Netherlands and France

Abstract: Faced with the risk of submersion and erosion along their coastlines, both France and the Netherlands
have long relied on the introduction of ‘hard’ protection measures to tackle sea level rise. However, this approach
has gradually begun to be reconsidered due to the adverse side-effects and decreased effectiveness that such
protection measures may have in light of the increasingly significant impact of climate change on shorelines. New
policy instruments such as nature-based solutions (NBSs) need to be found, but a lack of funding, resistance from
local actors, and high population densities often impede the implementation of these instruments. While path-
dependent solutions tend to be favoured in the short-term, more radical solutions such as managed retreat could
prove necessary in the long run.

Keywords: adaptation to climate change, coastal areas, erosion, sea level rise, submersion

Zwischen natiirlichen Klimaschutzlosungen, harten SchutzmaBSnahmen und Verleugnung:
Anpassung an den Meeresspiegelanstieg in den Niederlanden und Frankreich

Zusammenfassuunug: Angesichts des Risikos von Uberflutungen und Erosion an ihren Kiistenlinien haben
sowohl Frankreich als auch die Niederlande lange auf ,harte® SchutzmaBnahmen gesetzt, um dem
Meeresspiegelanstieg zu begegnen. Dieser Ansatz wird allméahlich iiberdacht und natiirlichen Klimaschutzlésungen
(Nature-based solutions, NBS) mehr Beachtung geschenkt. Die Anpassung an den Klimawandel in Kiistengebieten
erfordert indessen einen Multi-Level Governance-Ansatz, da lokale Akteure allein nicht in der Lage sind, die sich
stellenden rechtlichen, finanziellen und okologischen Probleme zu bewiltigen. Dieser Aufsatz bietet eine
vergleichende Perspektive auf die Erneuerung des Ansatzes zur Anpassung an Uberflutungs- und Erosionsrisiken
in Kiistengebieten in den Niederlanden und in Frankreich und hebt die damit verbundenen Governance-
Herausforderungen hervor. Wahrend beide Lander zu einer adaptiven Strategie iibergegangen sind argumentiert
dieser Aufsatz, dass die jeweiligen Initiativen eine Reihe von Fragen offenlassen und dass, was die Auswirkungen
des Klimawandels auf die Kiistenlinien betrifft, nach wie vor eine Form von Verleugnung fortbesteht.

Stichworte: Anpassung an Klimawandel, Kiistengebiete, Erosion, Meeresspiegelanstieg, Uberflutung

1 Introduction

Rising sea levels (i.e. ca. 20 cm worldwide on average between 1901 and 2018) pose an unprecedented challenge for
the many urban areas located near the coast. By 2050, one billion people are expected to be exposed to coastal risks
worldwide (Merkens et al., 2016). The main risks involve submersion, coastal erosion, endangered ecosystems
(especially beaches), increasing salinity in aquifers, and the weakening of water drainage systems (IPCC, 2019). By
2150, the sea could be 5 metres above its current level (IPCC, 2021), with large variations from region to region.
This momentum has led many countries around the world to initiate coastal adaptation strategies, especially when
major urban centres are directly affected (Bongarts Lebbe et al., 2021).

On the European continent, rising sea levels are already causing coastal erosion in several EEA Member States (EEA,
2020), and submersion is occurring more frequently, especially in France, Belgium, the Netherlands, Spain (Lopez-
Gutierrez et al., 2016), and northern Italy (Alfieri et al., 2017). While sea level rise in the Netherlands has been
slightly below the global average in recent years, the country is expected to experience a continued rise in sea levels.
The National Meteorological Institute (KNMI) predicts that this increase could reach 2 metres if the Paris
Agreement is implemented, and 3 metres otherwise. Furthermore, if parts of the Antarctic ice sheet become
unstable, sea level rise could increase considerably after 2050. KNMI estimates that whatever initiative is taken, sea
levels will continue to rise after 2100. By around 2300, an increase of a few metres (i.e. 0.3—3.0 m for the 2 °C
scenario, and 1.5—7.0 m for the hottest scenario) cannot be ruled out. Sea levels on the southern part of the Dutch
coast could be 25—80 cm higher in 2071—2100 than they were in 1981—2010 (KNMI, 2015).

In France, 22% of coastal areas (i.e. 20,000 km) are subject to erosion (Secrétariat d’Etat a la Mer, 2023). Along
270 km of the French coast, erosion is occurring at an average speed of 50 cm per year, with no coastal region being
spared. Depending on the given scenario, between 5,000 and 50,000 dwellings could be at risk by 2100. Over the
past 50 years, about 30 km2 of land has disappeared in France due to coastline retreat (Jouzel and Planton, 2022).

Most often, responses to coastal erosion or submersion risks fall into three general categories: ‘hard’ protection
measures, such as building protection blocks; ‘soft’ protection measures or adaptive approaches, which involve
changes to human activities; and managed retreat (IPCC, 2021). Both France and the Netherlands have long relied
on the introduction of ‘hard’ protection measures to address coastal erosion, but nature-based solutions (NBSs)
have attracted greater attention over the last 20 years. Such a paradigm shift is not merely a technical issue since it
may affect land use practices in addition to local development perspectives. Moreover, NBSs could prove difficult



to implement in high-density populated areas. Resistance from local actors as well as associated costs are additional
obstacles that must be overcome. Most importantly, NBSs could prove insufficient when it comes to addressing
submersion risks. New coastal management practices might be required, and managed retreat could become an
option to consider in some areas if solutions are planned and managed properly.

In the present paper, we begin by highlighting the challenges faced in both the Netherlands and France before
discussing implemented policy instruments. We then conclude with the need to explore further pathways (e.g.
managed retreat) in order to address sea level rise (SLR) associated with climate change.

2 Material and methodology

In line with the IPCC definition (2001), we define ‘adaptation to climate change’ as a response to the impacts of
climate change with the aim of mitigating these impacts and increasing the ability of individuals, organisations, and
institutions to adjust their behaviour accordingly. We selected the Netherlands and France because both countries
are particularly exposed to coastal erosion and have introduced NBSs.

In the case of the Netherlands, the risk of flooding is enshrined in the history of the country. The term ‘Waterwolf
was coined in Middle Ages and expresses the fear caused by ‘the sea wolf” in a country traditionally exposed to tidal
pressure in the North Sea and to the flows of several major rivers (Gueben-Veniére, 2015). The first attempts to
exploit fertile lowlands despite the risk of flooding still resonate in the current landscape. For example, artificial
dwelling mounds known as ‘Terpen’ that were built in order to provide safe ground during storm surges or high
tides are still visible. On these Terpen, intensive agriculture was developed, whereas livestock farming prevailed in
the surrounding areas.

From the 12t century onwards, the drying of large lake surfaces allowed people to live on an increasingly significant
area of reclaimed land. Polderisation changed the landscape in Zeeland, where 22,000 ha were taken back from the
sea between 1640 and 1665. Finally, in less than 500 years, 190,000 ha were polderised, representing 4% of the
country’s current area. Moreover, 60% of the current area of the Netherlands would be flooded regularly without
protection measures, and 9 million people would be affected (Ministerie van Infrastructuur en Milieu, 2015). Most
of the country’s population and two-thirds of the its economic activities are exposed to the risk of submersion or
flooding because one-third of the country’s territory lies below sea level.

In addition to its location along the coastline of the North Sea, Holland is crossed by three international rivers (i.e.
the Meuse, the Rhine, and the Escault), the flow of which may vary sharply. Moreover, due to the drainage of
peatlands and areas reclaimed from the sea, the expansion of built-up areas, salt mining, and gas extraction, a
subsidence phenomenon that can reach several centimetres per year affects the country’s coastline (Stouthamer et
al., 2020). The management of the coastline is thus now more than ever a matter of national security.

In France, storms have also raised awareness of the risks of living along the coastline. Several such floods have
caused many fatalities, including in 1972, 1977, 1984, and 1990. Storm Viviane in Picardie (in northeast France) in
1990 caused the most severe submersion in the 20th century and led to a sudden subsidence process in some areas
(Bafoil, 2022). In the following years, several other storms occurred, including the Xynthia in 2010 (which caused
53 deaths). In Wissant (Pas-de-Calais), Ciara caused dunes to retreat by 30 metres in February 2020 (La Fabrique
Ecologique, 2020). In the southwest of the country, Soulac-sur-Mer is currently registering one of the most
spectacular examples of coastline retreat of between 4 and 8 metres per year.

In order to discuss the merits and the limits of both NBSs and managed retreat when it comes to addressing erosion
and submersion risks in the Netherlands and France, the present paper draws on empirical data that comprise a
legal and policy framework analysis of grey literature and media articles. This framework also relies on semi-
structured interviews with local officials (in The Hague in the Netherlands and in Charente-Maritime in France)
and with Dutch and French water agencies.

3 Benefits and limits of NBSs in the Netherlands and France
3.1 Nature-based solutions as a new paradigm against coastal erosion

Confronted with SLR, countries around the world have introduced different policy instruments. Building ‘hard’
protection measures such as storm surge barriers, seawalls, and breakwaters is common practice, but such works
can amplify soil subsidence and change the natural accumulation of sediments through tides, waves, and winds
(Speybroeck, 2006). Moreover, these works can shift erosion to other parts of the coast (Cooper et al., 2020) and
turn beaches into ‘rock and concrete’ coasts (Hollander et al., 2023). As a consequence, coastal habitats can be
affected (Gittman et al., 2016), and natural coastal zones can become narrower (‘coastal squeeze’) and lose their
capacity to both maintain biodiversity and protect coastal areas. In case of violent weather events, the destruction
of such protection measures may lead to catastrophic events for the local communities that these measures are
supposed to protect. As the measures provide these communities with a (possibly illusory) feeling of security, they
may even impede adaptive policies and practices.



Hence, there is a need to implement different approaches that can protect shorelines while preserving biodiversity.
In the past 10—15 years, NBSs have become a favoured approach to tackling erosion processes and reducing flood
risks because coastal protection has shifted from the concept of ‘building in nature’ to the concept of ‘building with
nature’ (Van der Meulen et al., 2023). Beach nourishment, seagrass meadow restoration, and ecosystem restoration
have thus all been promoted. NBSs are described by the International Union for Conservation of Nature (IUCN) as
‘actions to protect, sustainably manage, and restore natural or modified ecosystems, that address societal challenges
effectively and adaptively, simultaneously providing human well-being and biodiversity benefits’ (IUCN, 2020).
These NBSs indeed help in protecting the shoreline while reducing negative side-effects for coastal ecosystems
(Spalding et al., 2014). Beach nourishment has become mainstream in many countries exposed to coastal erosion
(Hanson et al., 2002), for example, in Australia (Jackson et al., 2013), the United States (Ludka et al., 2018), and
South Korea (Chang et al., 2016) as well as in Europe (Pinto et al., 2020).

3.2 NBSs have become the new normal in the Netherlands

Of the 432 km of the Dutch coastline, 75% of the coast is protected by sandy elements (e.g. beaches, dunes), and 15%
is protected by hard structures. Three subsets of the coastline can be distinguished: the southwest delta, with the
estuaries along the rivers Meuse and Rhine; the central coast, which consists of a stretch of dunes and of defences;
and the north, where the coast is protected by a set of islands (Wadden Sea).

Before 1990, ad hoc maintenance of sandy coasts and increasing awareness of coastal erosion was prioritised. In
1990, a new coastal policy white paper was published (Ministry of Infrastructure and Water Management, 1990)
that paved the way for dynamic preservation of the coastline of the Netherlands. The Flood Defence Act of 1996
confirmed this decision to stop the retreat in favour of active coastline management (Lodder and Slinger, 2022).
Maintaining the physical basis of the coast became a priority, with dunes being reinforced in order to serve as
natural flood defences.

Sand nourishment has thus become the cornerstone of Dutch coastal management, and most of the delta has already
been reshaped by land use policies aimed at protecting the shoreline. Rivers have been embanked, floodplains have
been turned into polders, dunes are regularly reinforced by beach nourishment, and huge areas of land are now cut
off from the sea by storm surge barriers. Every year, a total of 12 million m3 of sand is added to the coast in order to
maintain the 1995 coastline despite erosion and submersion risks (Lodder and Wang, 2019).

One of the most impressive illustrations of this approach has been the Zand motor (‘sand engine’) project, which
was completed in 2011 along the coast next to The Hague and added 22 million m3 of sand to the coast with the aim
of slowing the erosion process along the entire coast of the country, at least until 2030 (Rijkswaterstaat, 2021).
Waves sweep the sand via natural transport into protective barriers that stretch along the coast. The project
combines integrated coastal management, population safety, and leisure activity development. At the same time,
sand nourishment strategies are being improved. In the past decades, sand nourishment has mainly been practiced
on beaches and dunes with an immediate effect; however, the effectiveness of this practice has rapidly decreased
over time. Strengthening riverbanks has been favoured because the impact of this process is more spread over time
and is less costly. Preference is thus now given to beach nourishment only if no alternative solution is available
(Rijkswaterstaat, 2021).

Moreover, a multi-layered approach is required for cities located close to the seaside, such as The Hague, which is
highly attractive partly due to its location close to the major urban centres of Rotterdam and Amsterdam. Almost
150,000 additional inhabitants are expected over the next two decades (Brand, 2014). As a result, new
neighbourhoods are being built, some of which lie outside the city’s protection measures against flooding.
Discussions have hence taken place within the municipality on finding trade-offs between development and
resilience. Faced with the risk of flooding, the city has developed three lines of defence, with the first being beach
nourishment. As a second line of defence, a multi-purpose boulevard was completed in 2013 that improved the
aesthetic of the waterfront and protects the city from flooding via a kilometre-long dike that was built beneath it.
Access to the beach is provided through stairs designed to break apart in a way that would not damage the wall
supporting the promenade in the event of heavy waves. A third layer of protection consists of a sand strip outside
the boundaries of the city. Furthermore, the drainage of streets was also improved.

The Hague is moreover protected from flood risks by dikes. However, more construction is taking place outside the
protected area, with negotiations between the municipality and the local water board occurring regularly.*
Accommodating new inhabitants has become increasingly difficult due to land scarcity, which has led to some
innovative housing policies. For example, former fishing facilities have been turned into a residential area with
commercial premises on the ground floor and flats on the upper floors. Finally, several canals go through the city,
and remotely driven pumps help manage waterflow in case of high waters.

t Interviews were conducted with local officials in September 2022.



3.3 From hard protection measures to NBSs: The case of France

In France, hard protection measures have long prevailed as a means of protecting the shoreline and avoiding any
change in land use policies. With the increase in erosion and submersion risks, a mixture of policies now prevails
that includes hard protection measures and NBSs. Most importantly, the legal framework has been profoundly
reformed in order to adapt local planning policies to climate change. Storm Xynthia specifically highlighted many
shortcomings along the coast related to excessive urbanisation, a lack of maintenance of dykes, and delays in the
implementation of risk prevention plans (RPPs) (Valadier and Richer, 2015).

The French approach is now enshrined in several strategies and laws (Rocle et al., 2021), such as the National
Strategy for Integrated Coastline Management (2012), the National Flood Risk Management Strategy (2014), the
GEMAPI (Management of Aquatic Ecosystems and Flood Prevention) Law (2014), and the Climate and Resilience
Law (2021). The National Flood Risk Management Strategy has led to the identification of significant flood risks for
124 areas of land, each of which is committed to establishing flood risk mapping through RPPs. Most of the
regulations related to these legal initiatives pre-suppose a partnership between state actors and local actors, whose
prerogatives have become significant in land management areas (Prévost and Robert, 2016). Implementation at the
local level may thus vary and has indeed been uneven across the country (Mineo-Kleiner et al., 2021).

The implementation of RPPs is not complete everywhere due to a lack of expertise and resources (La Fabrique
Ecologique, 2019). The financial capacity of local actors is indeed a challenge given the investments needed to
maintain defence systems, be they hard or nature-based. In France, the transfer of GEMAPI competences to local
authorities in 2018 empowered these authorities to establish cooperation schemes tailored to specific local needs.
However, research on the coastline of Normandy has shown that local actors do not always have the expertise or
the financial resources needed to maintain flood control structures (e.g. dykes) (Douillard et al., 2021).

Lack of awareness and/or of political will to introduce measures that could limit urbanisation is a further challenge
to coastal management policies. While the National Strategy for Integrated Coastline Management recommended
creating regional observatories for coastline management back in 2012, the process was only initiated in Provence-
Alpes-Cote d’Azur in 2018 even though the region faces both beach and cliff erosion (Claeys et al., 2017) as well as
coastal floods. Moreover, the 1986 Littoral Law aimed to limit demographic pressure by regulating coastal urban
planning more strictly but has had mixed results. According to the Observatoire du Littoral (‘Coastal Observatory’),
11,5% of the new dwellings built in France between 1990 and 2006 are located in coastal areas, which represent only
4% of the French metropolitan territory (Cadoret, Lavaud Letilleul, 2013). Most importantly, path-dependent policy
instruments such as hard protection measures and beach nourishment still prevail even though such approaches
might prove obsolete in the long run.

4 Managed retreat as a pathway to be considered?

While NBSs have recently attracted more support than ‘hard’ protection measures, they can trigger controversies,
especially regarding sand nourishment. On the Italian Adriatic Sea, this practice has been the object of disputes
between environmentalists and the tourist sector. Environmentalists oppose beach nourishment on biodiversity
concerns, while the tourist sector expects everything possible to be done to prevent beaches from shrinking (Prati
et al. 2016). Moreover, the effectiveness of NBSs at reducing erosion and flood risks — especially during extreme
weather conditions (e.g. hurricanes, cyclones) — might not be well assessed everywhere (Vuik et al., 2018).

Managed retreat may increasingly often become the last resort, though among coastal adaptation options, it is likely
the most controversial option. In the United States, social inequities have been exacerbated in many retreat policies
(O’Donnell, 2023), and such policies have led to objections in many different countries, such as in Canada (Cottar
et al., 2021) and in Europe (Seebauer and Winkler, 2020; Hofstede, 2019).

Place attachment demonstrated by residents and tourists alike raises questions regarding private property rights.
In many cases, private property protection is a key concern that affects decisions related to both land use planning
and adaptation policies (O’Donnell, 2023). As O’Donnell (2020) demonstrated, willingness to accept change is
shaped by how people define, perceive, and interpret places, and these subjectivities complicate the implementation
of any coastal management option. However, pursuing current coastal management policies could prove more and
more costly, thereby making managed retreat an option worth considering.

4.1 Managed retreat in the Netherlands: Options and obstacles

Beach nourishment as well as dikes and seawalls could require increasingly high investments along Dutch coastal
areas. Closing inland areas off from the sea with dams, navigation locks, and sluices could be one option of
protecting against the effects of climate change, but handling river discharge requires enormous pumping stations
as well as large areas for temporary flood storage. A slightly different approach would consist of maintaining current
connections with the sea. In such a case, SLR could have a significant impact upstream along rivers, thereby
requiring extensive dike improvement programmes in order to protect inland areas from flooding and from the
salinisation of surface waters (van Alphen et al., 2022).



For the Dutch delta, an alternative would be to stop raising flood defences along the sea and to accept more frequent
flooding events in low-lying areas. While protection measures around cities could be reinforced, such an approach
would mean relocating part of the population. However, since finding new solutions is important, the 2010 Delta
Programme provides solutions for different scenarios up to the year 2050 (Ministry of Infrastructure and Water
Management, 2021). Nevertheless, current policy instruments could prove partly obsolete in the event of the
accelerated melting of ice at the poles (Haasnoot et al., 2020). Indeed, the level of sand nourishment that is needed
to keep the coastline at its current level could be 20 times greater by 2050 than it is today. Dikes at sea are expected
to have to close more often, and saltwater inflows would be larger, while population growth along the coastline
would require greater supplies of drinking water.

A ‘living with water’ strategy would trigger societal and political debate because reclaiming land from the sea would
represent an entirely different strategy for dealing with the effects of climate change (van Alphen et al., 2022).
However, managed retreat is not a completely new strategy. An illustration of the paradigm shift that seeks to
embrace — rather than resist — rising water levels can be found in the Room for the River programme (Klijn et al.,
2018), which allows certain areas to flood during periods of high waters. In the former Noordwaard region, polder
houses were removed or relocated to outside the flood plain or to mounds (van Alphen, et al., 2022). In some areas,
the restoration of salt marshes and the modernisation of coastal defences have led to the relocation of some activities.
Managed retreat can obviously prove costly, but investments in protecting habitats and economic activities in low-
lying flood-prone polders also induce significant costs that can create lock-in effects instead of supporting a
paradigm shift in favour of more sustainable options.

4.2 Managed retreat in France

In France as in the Netherlands, managed retreat is difficult to conceive because coastal areas face three
concomitant phenomena: high population densities, vibrant socio-economic activities (especially in the tourist
sector, but also in logistics), and a dynamic demography. In France, the population density in coastal areas is 2.5
times higher than the national average, with a projected upward trend in the coming years (i.e. an increase of 4
million people by 2040) (MEDDE 2012). The share of artificial territories is 13.8% on average in coastal
municipalities compared with 5.1% in the metropolitan territory, with 28.2% of coastal dwellings being located less
than 500 metres from the shore.

In 2017, the Conservatoire du littoral (‘Coastal Conservatory’) launched ‘Adapto’ — a life project aimed at exploring
flexible solutions for adapting natural coastal areas to erosion and submersion risks (Conservatoire du littoral,
2022). Based on around ten local examples of adaptation to coastal risks through relocation activities, the project
demonstrated that creating space for wetlands to grow and for rivers at the expense of the existing infrastructure
can enhance biodiversity while limiting flood risks. As provided for in Law 2003-699 as well as in the 2012 National
Integrated Management Strategy for the coastline, the relocation of properties and infrastructures has led to
experiments on a voluntary basis (Chotard et al., 2021). However, the small number of affected residential dwellings
says little about the possibility of implementing such policies on a wider scale.

Where public infrastructure is at stake, relocation operations do not face major obstacles. In Languedoc-Roussillon,
the coastal road from Séte to Marseille was moved inland between 2003 and 2015 because the erosion process
affected the shoreline. However, based on several case studies in Normandy, Mineo-Kleiner and Meur-Ferec (2015)
noted that ‘the actors involved do not necessarily share a common vision of what a relocation project can be’ (p. 2).
Conflicts are thus set to occur frequently among stakeholders with different views on — and interests in — coastal
areas. Most importantly, no authority is able to provide the financial compensation that would be required for a
large-scale relocation process. Following the Xynthia storm, the Court of Auditors estimated that the relocation of
800 households would amount to costs of EUR 300 million (Cour des comptes, 2012).

Resistance to relocation, doubts regarding the urgency of climate change (Birchall, 2020), and fatalism (Bertoldo
et al., 2021) mean that local actors tend towards well-known practices and hesitate to commit to changes that would
entail economic losses and that would thus face opposition from the local population. Belanche et al. (2017) revealed
how in PACA, local economic actors, inhabitants (especially older individuals), and elected officials might be aware
of the effects of climate change but hesitate to commit to changes that would alter the identity of the place with
which they are familiar. As any paradigm shift might affect local development and even imply relocation, support
of the economy — and especially support of tourism — prevails in many coastal areas, as shown in other regions,
such as Brittany (Krien and Michel-Guillou, 2014).

Managed retreat indeed requires a fundamental change in perceptions of people’s living place (Rulleau and Rey-
Valette, 2021) as well as a widely shared understanding that the coastline is not permanent. In order to increase
social acceptance, some solutions have been discussed in the literature, such as support for ‘modern nomadism’,
which would consist of the temporary occupation of vulnerable areas, with priority given to buildings that can be
easily dismantled in order to take account of uncertainties regarding the evolution of the coastline (Lambert, 2015).
The principle was taken up in the Climate and Resilience Law, which grants the right to lease land in coastal areas
until erosion risks become too acute (Bafoil, 2022). Progressively giving up property rights could also be an option
(Lambert, 2015), with each generation losing part of these rights.



As O’Donnell (2023) noted, ‘[A] core challenge therefore for coastal climate change adaptation lies in how we think
about, and treat, property’. Tensions between different public and private interests are indeed very likely, even in
countries such as Australia, where coastlines have historically been idealised as egalitarian and have remained open
and free (Thom, 2012). In the Netherlands, between 500,000 and 1,500,000 new dwellings are expected to be built
by 2040 (Kabat et al., 2005). As in many other European countries, demographic and economic growth mainly
benefits large cities that are located close to the coastline and on the lowlands. As a result, an increasing share of
the population of the Netherlands is expected to live in areas that lie below sea level. Urban centres close to the
coastline are growing even more as urban sprawl becomes less constrained since national regulations that protect
green belts around major cities have been weakened. While the west of the country is economically and
demographically dynamic, the entire territory is in fact vulnerable due not only to its topography, but also to its
high population density (i.e. 500 inhabitants/km2). Hence, the decision was taken in 1990 to ‘hold the line’ and to
invest in diverse policy instruments (especially sand nourishment) as much as is needed in order to stop coastal
retreat. In some areas, however, it might be appropriate to mix different approaches with managed retreat.

Across France, between 5,000 and 50,000 buildings are threatened by the retreat of the coastline by 2100, which
represents an estimated global real estate value of between EUR 0.8 and 8 billion (only for housing) (CEREMA,
2019). On the one hand, local populations are most often highly reluctant to leave their property and expect
authorities to carry out coastal protection works. On the other hand, this situation may give rise to equity problems
because the people concerned usually enjoy high standards of living without having to contribute massively to the
public investment needed to protect their property. Linking geological studies and sociological surveys, Claeys et al.
(2017) investigated the municipality of Carry-le-Rouet, where the highest-value luxury neighbourhoods are the
most at risk of erosion but whose inhabitants tend to deny the risks associated with their property.

4.3 Social acceptance as a main obstacle

Exploring pathways for slowing coastline retreat via successive steps over time depending on the evolution of a
given coastline might help in overcoming social resistance and in managing costs. The concept of dynamic adaptive
policy pathways (DAPPs) (Haasnoot et al., 2021) as a planning process appears highly relevant in this context. The
concept entails successive steps beginning with assessing vulnerabilities, followed by low-regret actions and
analysis with stakeholders before large-scale relocations are envisaged.

Social acceptance of managed retreat could also improve in the context of the increasingly higher costs associated
with climate change. With recurring damage, real estate value might decrease, thereby leaving no option other than
managed retreat. However, being aware of the risks does not necessarily lead to rational decision-making. Indeed,
real estate prices in coastal communities still do not reflect the risks associated with coastal erosion (Inspection
générale des finances, 2019). Buyers of real estate in the immediate vicinity of the French coastline are required to
be informed of the risks associated with the location of their property. However, the risk of ocean flooding or of
erosion is generally less well understood than is the risk of river flooding, for which precedents can be referred to
(Bafoil, 2022).

This psychological dimension also plays out in the case of the Netherlands. The country has among the highest flood
protection standards in the world, with 1-in-4,000-year to 1-in-10,000-year flow return period infrastructure,
particularly around the country’s main coastal cities (i.e. Rotterdam, The Hague, and Amsterdam) (Gerritsen, 2005).
Whenever properties are affected by floods, national authorities usually step in with the Reimbursement for
Damages Due to Disasters Act (‘Wet tegemoetkoming schde bij rampen’, or WTS). However, the amounts allocated
are at the discretion of the state. Moreover, during the floods in Limburg in July 2021, the authorities indicated that
this law would no longer be applicable in the event of floods that could be covered by insurance. Rising sea levels
thus might have an impact on the long-standing issue of natural risk insurance coverage in the Netherlands
(Jongman et al., 2014), which is currently very low.

In France, flooding gives rise to compensation through specific funds, but the erosion process — which is considered
foreseeable — is not eligible for such funds. In 2014, the residence ‘Le Signal’ in Soulac-sur-Mer (Gironde) had to be
evacuated due to shoreline retreat. No compensation was provided by the Fund for the Prevention of Major Natural
Hazards (‘Fonds de prévention des risques naturels majeurs’), which is also called the ‘Barnier Fund’ and was set
up in 1995 to compensate expropriated inhabitants. This fund — which is financed by a levy on residential and car
insurance contracts — operates only in the event of natural disasters. Since coastal erosion is not considered such a
disaster, inhabitants had to go through a lengthy legal process. In the end, a specific decree was adopted by the
National Assembly to allow for compensation, but state authorities opposed the idea of extending the protection
offered by the fund to also cover coastal erosion.

Natural risk insurance coverage is much higher in France than in the Netherlands. However, the French solidarity-
based system (in which all insured parties contribute to protection against disasters — regardless as to their risk
exposure — through a ‘natural disaster premium’ collected on all building insurance contracts) might deter people
from acting responsibly (Rulleau, Rey-Valette, 2015). As a matter of fact, the increasing costs of climate change
regularly lead the authorities to look for new funding sources either through the greater involvement of the local
government (Grislain-Letrémy and Villeneuve, 2015) or through tax reforms.



5 Conclusion

Along their coastal areas, the Netherlands and France are facing both increasing demographic pressure and SLR
that require policy instruments that may affect local economic development. While ‘hard’ protection measures may
prove ineffective in the long run, NBSs are being called for now more than ever, but they may go hand in hand with
high costs because actions such as sand nourishment need to be repeated regularly. The present paper highlighted
how both countries are introducing managed retreat in some areas and provided insights into the merits of such an
approach as well into the obstacles it faces.

Managed retreat inevitably triggers difficult debates because it affects real estate value, and various obstacles — such
as attachment to places, relocation costs, and the preservation of cultural assets — could prove difficult to overcome.
The process has therefore been limited to some specific areas in both countries. Managed retreat is understood as
a set of actions for dealing with the effects of climate change that are planned and managed in an orderly fashion,
and the process may help to enable the anticipation and better acceptance of long-term transformations of coastal
areas. As shown in this paper, such a policy requires a cross-sectoral approach because it is related to land use
policies and to local communities’ risk perceptions as well as to insurance regimes.

Coastal adaptation decisions often involve long-term investments (e.g. flood defences, land use changes, the
introduction of new housing standards, relocation of infrastructures), and future options should remain open
because the long-term impacts of climate change remain unknown (Hallegate, 2009). A stepwise retreat strategy
implies a significant change of mindset, but if well managed, such a strategy can create new opportunities (e.g. for
biodiversity protection) and limit the risks of forced retreat after extreme weather events.

The corresponding author states that there is no conflict of interest.

Acknowledgements

I would like to thank the anonymous reviewers for their comments, which have been very useful in significantly

improving the paper.

References

Alfieri, Lorenzo, Berny Bisselink, Francesco Dottori, Gustavo Naumann, Ad de Roo, Peter Salamon, Klaus Wyser
and Luc Feyen. 2017. “Global projections of river flood risk in a warmer world”, Earth's Future, 5(2), 171-
182.

Bafoil, Frangois. 2022. Adaptation des territoires au changement climatique, le cas de la France : submersion et
érosion littorales, sécheresse et inondations, Caisse des dépots, Paris.

Belanche, Daniel, Luis V. Casalo, Carlos Flavian. 2017. “Understanding the cognitive, affective and evaluative
components of social urban identity: determinants, measurement, and practical consequences”. Journal of
Environmental Psychology. 50: 138—153.

Bertoldo, Raquel, Séverin Guignard, Pierre Dias and Alexandra Schleyer-Lindenmann. 2021. “Coastal
inconsistencies: Living with and anticipating coastal flood risks in southern France”. International Journal
of Disaster Risk Reduction. Vol. 64.

Birchall, S. Jeff. 2020. “Coastal climate adaptation planning and evolutionary governance: Insights from Homer,
Alaska”. Marine Policy, 112.

Brand, Niki, Inge Kersten, Remon Pot and Maike Warmerdam. 2014. “Research by Design on the Dutch Coastline:
Bridging Flood Control and Spatial Quality, Built Environment, Vol. 40, 2: 265-280.

Cadoret Anne and Valérie Lavaud-Letilleul. “Des « cabanes » a la « cabanisation » : la face cachée de I'urbanisation
sur le littoral du Languedoc-Roussillon”, Populations et littoral. 1-2: 125-139.

CEREMA. 2019. Evaluation des enjeux potentiellement atteints par le recul du trait de cote, May, Paris.

Chang Jeong-In and Yoon Sungsoon. 2016. “The economic benefit of coastal erosion control in Korea”, Journal of
Coastal Research, Special Issue, No. 75, pp. 1317 - 1321.

Chotard Manon, Céline Chadenas, Marc Robin et Oscar Navarro. 2021. Les risques littoraux. De la relocalisation a
la recomposition territoriale : adapter 'approche aux risques cotiers, Bulletin de 'association des géographes
francais. 98-3/4.



Claeys, Cécilia, Jérémy Giuliano, Hervé Tepongning Megnifo, Laurent Fissier, Anna Rouadjia, Cécile Lizée, Cyril
Geneys and Nathalie Margot. 2017. “Une analyse interdisciplinaire des vulnérabilités socio-
environnementales : le cas de falaises cotiéres urbanisées en Méditerranée”. Natures Sciences Sociétés. 25
(3): 241-254.

Conservatoire du littoral. 2022. “Adapto : Vers une gestion souple du trait de cote”.
https://www.lifeadapto.eu/adapto-un-projet-life.html, accessed on 15.09.2022.

Cooper, Andrew, Marianne O’Connor and Sarah Mclvor. 2020. “Coastal defences versus coastal ecosystems: a
regional appraisal”. Marine Policy. 111.

Cottar, Shaieree, Brent Doberstein, Daniel Henstra, Johanna Wandel. 2021. “Evaluating property buyouts and
disaster recovery assistance (rebuild) options in Canada: a comparative analysis of Constance Bay, Ontario
and Pointe Gatineau, Quebec”. Natural Hazards. 109: 201—-220.

Cour des comptes. 2012. Les enseignements des inondations de 2010 sur le littoral atlantique (Xynthia) et dans le
Var. Rapport thématique. July.

Douillard Tristan, Lydie Goeldner-Gianella, Catherine Carré, Delphine Grancher, Marie Chenet et Joél Boulier.
2021. “Les digues littorales a ’heure de la GEMAPI : une opportunité de gestion intégrée face au risque de
submersion ? Le cas de I'estuaire de la Dives et de la Baie des Veys”, Bulletin de I'association de géographes
francais 98-3/4

EEA (European Environment Agency). 2020. Monitoring and evaluation of national adaptation policies
throughout the policy cycle. EEA Report No 6/2020.

Few Roger, Katrina Brown and Emma L. Tompkins. 2007. “Climate Change and Coastal Management Decisions:
Insights from Christchurch Bay, UK”, Coastal Management, 35:2-3, 255-270.

Gittman, Rachel K., Steven B. Scyphers, Carter S. Smith, Isabelle P. Neylan and Jonathan H. Grabowski. 2016.
“Ecological Consequences of Shoreline Hardening: A Meta-Analysis”. BioScience. Volume 66, Issue 9, 0O1:
763-773.

Grislain-Letrémy, Céline, Bertrand Villeneuve. 2015. “Prévention des catastrophes naturelles: viser le long terme
sans attendre”. Revue d’économie financiére. 117: 127—-136.

Gueben-Veniére Servane. 2015. “De I'équipement a la gestion du littoral, ou comment vivre avec les aléas météo-
marins aux Pays-Bas”, Géoconfluences.

Haasnoot, Marjolijn, Susan van’t Klooster, Jos Van Alphen. 2018. “Designing a monitoring system to detect signals
to adapt to uncertain climate change”. Global Environmental Change, 52: 273—285.

Haasnoot Marjolijn, Jaap Kwadijk, Jos van Alphen, Dewi Le Bars, Bart van den Hurk, Ferdinand Diermanse, Advan
der Spek, Gualbert Oude Essink, Joost Delsman and Marjolein Johanna Petronella Mens. 2020. “Adaptation
to uncertain sea-level rise; how uncertainty in Antarctic mass-loss impacts the coastal adaptation strategy of
the Netherlands”, Environmental Research Letters, Volume 15, Number 3.

Haasnoot Marjolijn, Alexandre Magnan, Judy Lawrence. 2021. “Pathways to coastal retreat”. Science. June.

Hallegatte Stephane. 2009. “Strategies to adapt to an uncertain climate change”, Global Environmental Change:
Human and Policy Dimensions, 19(2), 240-247.

Hanson Hans, A Brampton, Michele Capobianco, Hans Henning Dette, Luc Hamm, Christian Laustrup, Alvaro
Lechuga, Rudd Spanhoff. 2022. “Beach nourishment projects, practices, and objectives—a European
overview”. Coastal Engineering. Vol. 47, Issue 2, 81-111.

Hollander Johan, Meinhard Doelle and Pél Axel Olsson. 2023. “Introduction, Nature-Based Solutions for Coastal
Protection”, Nordic Journal of Botany, vol. 1, 2023.

Inspection générale des finances. 2019. Recomposition spatiale des territoires littoraux, March.

IPCC (Intergovernmental Panel on Climate Change). 2021. Climate Change 2021: The Physical Science Basis.
Contribution of Working Group I to the Sixth Assessment Report of the Intergovernmental Panel on
Climate Change.

IPCC (Intergovernmental Panel on Climate Change). 2019. IPCC Special Report on the Ocean and Cryosphere in a
Changing Climate.



IUCN. 2020. IUCN Global Standard for Nature-based Solutions. A user-friendly framework for the verification,
design and scaling up of NbS.

Jackson Angus, Phil Hill and John McGrath Jackson. 2013. “A History of the Implementation and Evolution of
Sand Nourishment Methods on the Gold Coast, Australia”. Coasts and Ports. 21st Australasian Coastal and
Ocean Engineering Conference and the 14th Australasian Port and Harbour, Barton, A.C.T: Engineers
Australia, 418—423.

Jongman Brenden, Elco Koks, Trond Husby and Philip Ward. 2014. “Increasing flood exposure in the Netherlands:
implications for risk financing”, Natural Hazards and Earth System Sciences, 14: 1245—1255.

Jouzel, Jean and Serge Planton. 2022. “Le climat de la France au XXIéme siecle. Scénarios d’émission et effets du
réchauffement climatique”, Prospective et stratégie, 2022/0, 13-35.

Kabat Pavel, Wim van Vierssen, Jeroen Veraart, Pier Vellinga and Jeroen Aerts. 2005. “Climate proofing the
Netherlands”, Nature, 438, 283-84.

Klijn Frans, Nathalie Asselman and Dennis Wagenaar. 2018. “Room for Rivers: Risk Reduction by Enhancing the
Flood Conveyance Capacity of The Netherlands’ Large Rivers”, Geosciences.

KNMI (Koninklijk Nederlands Meteorologisch Instituut). 2015. KNMI climate scenarios for the Netherlands. The
Hague.

Krien, N., Michel-Guillou, E., 2014. “Place des risques cotiers dans les représentations sociales du cadre de vie
d’habitants de communes du littoral”. Les cahiers internationaux de psychologie sociale. 1-101: 101—122.

La Fabrique écologique. 2019. L'adaptation au changement climatique sur le littoral francais, July.

Lambert Marie-Laure. 2015. “Le recul stratégique : de I'anticipation nécessaire aux innovations juridiques”, VertigO,
vol. 21, April.

Lodder Quirijn, Jill Slinger. 2022. “The ‘Research for Policy’ cycle in Dutch coastal flood risk management: The
Coastal Genesis 2 research programme”, Ocean and Coastal Management, vol. 219.

Lodder, Quirijn and Zheng B. Wang. 2019. Decision making in Dutch coastal research based on coastal
management policy assumptions. ICE Publishing.

Ludka Bonnie C., Robert T. Guza, William C. O’Reilly. 2018. “Nourishment evolution and impacts at four southern
California beaches: a sand volume analysis”, Coastal Engineering, Vol. 136, 96-105.

MEDDE (Ministére de 1'Ecologie, du Développement Durable et de I'Energie/Ministry for ecology, sustainable
development and energy). 2012. Stratégie Nationale de Gestion Intégrée du Trait de Cote — Vers la
relocalisation des activités et des biens. Paris.

Merkens Jan-Ludolf, Lena Reimann, Jochen Hinkel and Athanasios T. Vafeidis. 2016. “Gridded population
projections for the coastal zone under the shared socioeconomic pathways”. Global and Planetary Change,
vol. 145: 57—66.

Mineo-Kleiner Lucile and Catherine Meur-Ferec. 2016. “Relocaliser les enjeux exposés aux risques cotiers en
France : points de vue des acteurs institutionnels”, VertigO, Vol. 16, n°2.

Ministry of Infrastructure and Water Management. 2021. The 2021 Delta Programme, Staying on track in climate-
proofing. The Hague.

Ministry of Infrastructure and Water Management. 1990. Eerste kustnota: Kustverdediging Na 1990. The Hague.

O’Donnell Tayanah. 2023. Interrogating private property rights and path dependencies for coastal retreat. Ocean
and Coastal Management. 231.

O’Donnell Tayanah. 2020. “Don't get too attached: Property—place relations on contested coastlines”. Transactions
of the Institute of British Geographers. Vol. 45, Edition 3.

Pinto Celso Aleixo, Tanya Mendes Silveira and Sebastido Braz Teixeira. 2020. “Beach nourishment practice in
mainland Portugal (1950-2017): overview and retrospective”, Ocean & Coastal Management, vol. 192, 1—13.

Prati Gabriele, Cinzia Albanesi, Luca Pietrantoni, Laura Airoldi. 2016. “Public perceptions of beach nourishment
and conflict management strategies: A case study of Portonovo Bay in the Adriatic Italian Coast”, Land Use
Policy. Vol. 50: 422-428.



Prévost, Aurélie, Samuel Robert. 2016. Local spatial planning practices in four French Mediterranean coastal
territories under pressure. Land Use Policy 56: 68—80.

Rijkswaterstaat (Ministerie van Infrastructuur en Waterstaat). 2021. Kustlijnkaarten 2021. The Hague.

Rocle, Nicolas, Jeanne Dachary-Bernard, Héléne Rey-Valette. 2021. Moving towards multi-level governance of
coastal managed retreat : Insights and prospects from France. Ocean and Coastal Management. 213.

Rulleau Bénédicte, Hélene Rey-Valette. 2017. “Forward planning to maintain the attractiveness of coastal areas:
Choosing between seawalls and managed retreat”. Environmental Science & Policy. 72: 12—19.

Santos Lopez-Gutiérrez José, Vicente Negr, M. Dolores Esteban. 2016. “New Coastal Regulation in Spain. A
roadmap to a better approach to coastal environment”, Journal of Coastal Research, Special Issue, No. 75,
662-666.

Seebauer, Sebastian, Claudia Winkler. 2020. “Coping strategies and trajectories of like satisfaction among
households in a voluntary planned program of relocation from a flood-risk area”. Climatic Change. 162 (4):
2219—2239.

Secrétariat Chargé de la Mer. 2023. Adaptation des territoires aux évolutions du littoral. Paris.

Spalding, Mark D., Susan Ruffo, Carmen Lacambra, Imén Meliane, Lynne Zeitlin Hale, Christine C. Shepard and
Michael W. Beck. 2014. “The role of ecosystems in coastal protection: adapting to climate change and coastal
hazards”. Ocean Coastal Manage. 90: 50—57.

Stouthamer Esther, Gilles Erkens, Kim Cohen, Dries Hegger, Peter Driessen, Hans Peter Weikard, Mariet Hefting,
Ramon Hanssen, Peter Fokker, Jan van den Akker, Frank Groothuijse, and Marleen van Rijswick. 2020.
Dutch national scientific research program on land subsidence: Living on soft soils — subsidence and
society, Proc. IAHS, 382: 815—-819.

Speybroeck Jeroen, Dries Bonte, Wouter Courtens, Tom Gheskiere, Patrick Grootaert, Jean-Pierre Maelfait, Mieke
Mathys, Sam Provoost, Koen Sabbe, Eric W.M. Stienen, Vera Van Lancker, Magda Vincx, Steven Degraer
Speybroeck. 2006. “Beach nourishment: an ecologically sound coastal defence alternative? A review”,
Aquatic Conservation. 16 (4): 419—435.

Thom, Bruce G. 2012. “Climate change, coastal hazards and the public trust doctrine”. Macquarie Journal of
International and Comparative Environmental Law. 8 (2), 21.

Urwin Kate, Andrew Jordan. 2008. “Does public policy support or undermine climate change adaptation?
Exploring policy interplay across different scales of governance”. Global Environmental Change. Vol. 18,
issue 1: 180-191.

Valadier Arnaud and Jean Richer. 2015. “Des zones de solidarité a un scénario d’adaptation au changement
climatique en Charente-Maritime (France, Région Poitou-Charentes)”, VertigO, vol. 21.

Van Alphen, Marjolijn Jos, Haasnoot, Ferdinand Diermanse. 2022. “Uncertain Accelerated Sea-Level Rise,
Potential Consequences, and Adaptive Strategies in The Netherlands”. Water. 14,1527.

Van der Meulen Frank, Stéphanie IJff and Rien van Zetten. 2023. “Nature-based solutions for coastal adaptation
management, concepts and scope, an overview”, Nordic Journal of Botany, vol. 1.

Vincent Vuik, Bas W. Borsje, Pim W.J.Ms. Willemsen, Sebastiaan N. Jonkman. 2019. “Salt marshes for flood risk

reduction: quantifying long-term effectiveness and life-cycle costs”. Ocean & coastal management. 171: 96—
110.

10



