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Abstract

Coastal nature-based solution (NBS) projects have been on the rise over the past few years. In
France, the expression is being increasingly used at a local level, and new projects are developing
on the coast. However, they face various limitations, involving both technical challenges and
social acceptability issues. Based on data from the perception survey conducted by the DIGUES
research programme in the Authie Bay in 2021 and a numerical model used to assess the
efficiency of flood protection measures developed as part of a flood action and prevention
programme, this study aimed to highlight the gap between perceptions and misconceptions
surrounding NBS-like scenarios andmore objectivemodelling data. It offers a cross-comparison
of these two datasets. For this purpose, the scenarios used to assess public perception in the
DIGUES survey were translated in the numerical model to study the difference between
perceived protection and actual protection in theAuthie Bay, the opportunity for dyke relocation
in an NBS scenario, and the effectiveness of the NBSs according to their scale. Overall, these
results demonstrated a real benefit for implementing dyke relocation through breaches, com-
pared to other scenarios for the Authie Bay.

Abstract

Les projets de SFN littorales se développent depuis quelques années. En France, l’expression est.
de plus en plus mobilisée à l’échelon local et de nouveaux projets voient le jour sur le littoral. Ils
font toutefois face à un certain nombre de limites, tant techniques qu’en termes d’acceptabilité
sociale. Sur la base des données de l’enquête de perception du programme de rechercheDIGUES,
menée en 2021 en baie d’Authie, et d’un modèle numérique développé pour évaluer les mesures
de protection proposées dans le cadre du PAPI, cette étude tend à mettre en lumière le décalage
entre la perception des scénarios de type SFN et les données plus objectives de modélisation. Cet
article propose un regard-croisé entre ces deux jeux de données. Pour ce faire, les scénarios
mobilisés dans l’enquête DIGUES ont été traduits dans le modèle numérique, afin d’étudier les
différences entre la perception de la protection et la protection réelle en baie d’Authie, les
opportunités de recul de digue dans le cadre d’un projet de SFN, et l’efficacité des SFN en
fonction de leur dimensionnement. Globalement, ces résultats montrent un réel intérêt à la mise
en place d’un recul de digues par brèches en baie d’Authie, en comparaison d’autres scénarios.

Impact statement

This article explores the relevance of NBS scenarios for coastal risk management in the Authie
Bay, compared to the present-day system of coastal protection and a reinforcement scenario.
What are the concerns and misconceptions that limit the implementation of these projects on
the coast? To what extent are they justified and objective? To address this issue, we compared
perception data from a social survey withmodelling data. Thus, this article aims to go beyond the
general misconceptions that surround coastal NBS. The results provide a useful basis for
discussion (on the advantages and disadvantages) of NBS with local stakeholders
(to determine the best coastal management strategy).

Introduction

The concept of nature-based solutions (NBSs) first appeared in 2008, in a report from theWorld
Bank, and is defined by the International Union for Conservation of Nature (IUCN) as:
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“Nature-based Solutions (NBS) are actions to address societal
challenges through the protection, sustainable management and
restoration of ecosystems, benefiting both biodiversity and human
well-being.” (Cohen-Shacham et al., 2016).

This definition is currently the most widely used (Sowińska-
Świerkosz and García, 2022). The notion is vast and raises several
challenges that are social, economic and environmental in nature
(Eggermont et al., 2015). It is supposed to apply to any type of
environment or context, from the urban “heat island” effect to
coastal risk management.

In the latter case, the notion of NBS seems to uphold the
principles of managed realignment and depoldering – developed
in Western Europe since the 1980s (Goeldner-Gianella, 2013;
Esteves, 2014), and in Northern America since the 2000s
(Murphy et al., 2024). First developed from an environmental
and compensation perspective, this type of project gradually started
taking risk management objectives into account (Goeldner-
Gianella, 2013) and, more recently, blue carbon targets. The man-
aged realignment principle, in the United Kingdom, pursues three
types of objectives to compensate for the loss of intertidal habitats
resulting from anthropic pressure, develop sustainable coastal risk
management, and provide ecosystem services (Esteves, 2014).
These goals echo the objectives of NBS (IUCN, 2016). Moreover,
these types of policies tend to compensate for the 50% of the salt
marshes lost or degraded around the world due to the intensifica-
tion of human activities and reaffirm their importance in terms of
ecosystem services (Barbier et al., 2011; Dale and Arnall, 2024).
Coastal and estuarine NBS projects tend to increase in Europe, with
the diffusion of the notion (Moraes et al., 2022).

Despite these commendable objectives, depoldering and man-
aged realignment projects can encounter social rejection, as people
often feel a deep-rooted connection to the land and perceive a
heritage value (Goeldner-Gianella and Imbert, 2005). This may be
compounded by a general overestimation of the protection provided
by the dykes (Baan and Klijn, 2004) and the lack of knowledge on
ecosystem services and natural coastal habitats (Goeldner-Gianella
and Imbert, 2005; Goeldner-Gianella et al., 2024).On the other hand,
salt marshes have been subject to many monitoring projects
(Bertrand et al., 2014), and numerical models illustrate the condi-
tions required for them to be effective in flood risk mitigation (Vuik
et al., 2019; Shah et al., 2023), along with the optimal positioning of
breeches for restoration (Esteves, 2014). This can provide evidence-
based data for managed realignment as an NBS. However, although
modelling is increasingly used as a tool to raise awareness among
stakeholders (Taillandier et al., 2022; Antoine et al., 2023; Cornejo
et al., 2025), modelling results have rarely been used to illustrate the
misconceptions surrounding flood risk andmarshland restoration in
public perception (Elineau et al., 2021).

This article therefore sets out to make such a comparison,
through the modelling of dyke relocation scenarios previously
presented to the population during a perception survey in the
Authie Bay on the coast of the English Channel in northern France.
This study addresses several research questions: (a) does the popu-
lation in the Authie Bay understand flood risks? (b) What factors
encourage the social acceptability of flood management scenarios
such as hard defence or managed realignment? (c) Is there a gap
between perceived performance of flood risk management options
and evidence-based (i.e. model-simulated) outcomes and, if so,
what are possible reasons for this? (d) What role could this com-
parison between public perception and model outcomes play in
coastal risk management decision-making? Following a more
detailed description of the Authie Bay area and of the methodolo-
gies used for the perception survey and the numerical model, this

article presents the results of each study. They are then cross-
referenced and discussed to highlight potential misalignments
between perceptions and model outcomes, and the insights these
results can offer regarding the relevance of dyke realignment and
informed decision-making.

Study area

French context

Historically characterised by a strict separation of riskmanagement
and aquatic environment management responsibilities, the French
context has gradually shifted towards more integrated and flexible
coastal management approaches since the 1980s, under the influ-
ence of environmental movements (Goeldner-Gianella, 2013). It
was, however, Storm Xynthia in 2010 that led to a major increase in
risk management awareness, with the creation of the Programmes
d’actions de prevention des inondations (PAPI) – local-level flood
prevention programmes (Mercier and Chadenas, 2012). This policy
paved the way for the 2018 implementation of the Gestion des
milieux aquatiques et la prevention des inondations (GEMAPI),
the French framework for aquatic environment and flood protec-
tion management. This new legislation aims to bring together two
areas of responsibility that were previously separate. In this way, the
GEMAPI appears to offer a favourable context for the development
of NBS in coastal risk management projects.

The notion ofNBS is nowwidespread at the local level in France,
based on the IUCN definition and adopted by the water boards and
semi-public structures like the Centre for Studies on Risks, Envir-
onment, Mobility and Urban Planning (CEREMA) or the Conser-
vatoire du Littoral – the French coastal protection agency.
Depoldering projects for coastal riskmanagement have proliferated
over the past 10 years – especially through the Life Adapto and
Adapto + projects, led by the Conservatoire du Littoral since 2015 –
and are gradually requalified as NBS. The water boards, regions and
the European Union have also begun tying funding allocations to
NBS projects and a national funding programme for pilot coastal
projects was launched in 2024.1 Despite this favourable context,
on-the-ground implementation of NBS remains limited.

The Authie Bay: Morphology and governance

Located between the Pas-de-Calais and Somme counties in north-
ern France, the bay is formed by themouth of the Authie River. The
interior of the bay is a low-lying salt marsh area, periodically
flooded by the tide and offering a wide variety of landscapes,
ranging from mudflats to high marsh. The high marsh is flooded
during the spring tides, and on the southern side of the bay, the
marshes are subject to sedimentation (Verger, 1988).

These marshes are significantly less extensive than they once
were, owing to the dyking and drainage practices conducted in the
area since the 12th century to gain farmland (Verger, 2009). Based
on data collected on site, land reclamation continued until 1835 for
the northern area of the bay and 1862 for the southern area
(Figure 1) (Verger, 2009); this southern area is examined further
here. Nowadays, the old dykes that line the low-lying areas are
barely visible to the naked eye but still serve as historical markers.
Two breaches formed in the southern line of dykes due to

1https://observatoires-littoral.developpement-durable.gouv.fr/les-12-laur
eats-du-nouvel-appel-a-projets-sfn-2024-a210.html#H_Des-solutions-fondees-
sur-la-nature-pour-adapter-les-territoires-cotiers-a-nbsp
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Figure 1. Map of the dyking stages of the Authie Bay (Diasparra and Avdeew, 2025), based on Dallery (1955, p. 3).
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consecutive storms during the spring tides in 1984 and 1985,
allowing water to enter the reclaimed areas.

The Authie Bay area now reflects a mix of recreational activities
and environmental priorities within a challenging context for flood-
protection governance. Tourism competes with agricultural and
hunting uses in the low-lying areas; there are around 70 waterbird
hunting huts in the marshes and adjacent lands. The site is also
chequered with protected areas owing to its fragile marshland
biodiversity.

Following StormXynthia in 2010, a PAPI planwas implemented
for the three estuaries of the Bresle, the Somme and the Authie
rivers (an area known as “BSA”) (Figure 1), bringing together the
inter-municipal local authorities of the northern and southern parts
of Authie Bay. This first PAPI recommended a reinforcement and
raising of the main part of the dykes, and the creation of a second
line of dykes in the inner area of the bay (Artelia, 2015). The 2016
and 2019 PAPI updates reaffirmed this approach, given the poor
condition of the first line of dykes and their exposure to strong
currents (Artelia, 2021). In addition, the 2018 implementation of
the GEMAPI plan brought about an evolution in governance
dynamics, leading stakeholders to better consider NBS scenarios,
through the partial opening of some of the dyked areas.

Research methodologies

The results presented in this article are part of a PhD supervised by
the Laboratory of Physical Geography (UMR 8591, or LGP), in
collaboration with the firm Artelia. The Authie Bay has been
analysed by both the LGP – as part of the ANR DIGUES research
programme (2019–2024) – and Artelia, which has been working
with local stakeholders since 2014 to define and implement the
PAPI Bresle-Somme-Authie (BSA) plan. These studies were unre-
lated. However, as part of the research collaboration required by the
PhD, we found it useful to cross-reference the LGP’s field data with
Artelia’s technical records.

Social survey

The first part of the data used in this research comes from the
DIGUES research programme. Seven sites were studied in all,
including the Authie Bay. The aim was to analyse the perception
of coastal and river dykes in France in a context of global change,
whether climatic, social or legislative (GEMAPI). The programme
set out to define potential dyke evolutions, covering four angles:
flood protection, uses, nature and landscape. A questionnaire-
based survey was conducted in 2021 to collect perceptions and
representations of the dykes, both from residents and non-resident
users of the site (Goeldner-Gianella et al., 2024).

The first part of the questionnaire, common to all sites, com-
prised a series of questions grouped in four subsections: landscape,
uses, protection and nature. For this article, we drew on questions
from all but the “uses” subsection (Table 1) (the complete list of the
questions from the survey is available in Goeldner-Gianella et al.
(2024).

The second part focused on potential dyke evolution scenarios,
projected 30 years forward. For each site, five similar scenarios were
defined and adapted to the local context (Table 2). During the
survey, a detailed table for each scenario was shown to the respond-
ents, presenting both their positive and negative effects. They were
then asked whether they thought the scenario was desirable for the
future. For the present study, we consider that scenarios 2 (opening
or relocating dykes) and 3 (vegetating the dykes further) are

consistent with an NBS, insofar as the marshes are restored and
mobilised for flood risk reduction. It is, however, important to
mention that the term “NBS” was not explicitly used to describe
these scenarios during the survey.

A total of 129 people in the Authie Bay answered the survey.
The respondents are mainly residents (84%), of whom only 14%
are secondary residents. The group was 64% male, 43% retired
and 44% aged over 60, reflecting the area’s demographics. The
sample of respondents also includes 15% dyke owners and 6%
farmers – two profiles specifically targeted because they would
be the first to be affected by the dyke evolution scenarios.2 For
this study, we chose to focus only on answers given by residents
(109 respondents). A detailed table of questions and answers –
for both overall and residents’ answers – with percentages is
listed in the Supplementary Material.

Numerical modelling

A numerical model was developed by Artelia for the PAPI BSA. It
simulates sea flooding caused by meteorological events of various
intensities, overflow of the dykes due to surge (with or without
breach) and wave overtopping (Artelia, 2015; Bertrand et al.,
2019). It is based on the TELEMAC software (version V8P2R0). It
maps water levels under the combined effects of tide, swell and river
flow, making it a dedicated tool for local-scale flood-risk mapping.
The configuration of the numerical model was calibrated and

Table 1. DIGUES survey questions used in this article

Subsection Questions Possible answers

Landscape – In your opinion, are
dykes part of the local
heritage? (single
choice)

– Yes, definitely
– Yes, to some extent
– Not really
– Not at all
– Do not know

– Would you say that you
are attached to this
dyke landscape?
(single choice)

– Yes, definitely
– Yes, to some extent
– Not really
– Not at all
– Do not know

Protection – Would you say that
these dykes fulfil a
flood protection func-
tion? (single choice)

– Yes, definitely
– Yes, but not perfectly
– No, not totally
– Not at all
– Do not know

– Can you indicate on the
map the areas pro-
tected by the dykes
against sea flooding?

– Clickable areas on a
map of the Authie Bay

Nature – Would you say that this
dyke landscape is
rather…? (single
choice)

– Natural
– Artificial
– Both natural and artifi-

cial
– Neither one nor the

other

– What effects, positive
or negative, do you
think dykes have on
nature? (multiple-
choice question)

– Nature-friendly
– Protective of nature
– Harmful to nature
– Other/Do not know

2These data were gathered previously from the PhD work and addressed in
the unpublished master’s thesis by Avdeew M. (d’) listed in the references.
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validated based on historical events, both in the Somme Bay and the
Authie Bay (Levasseur et al., 2025).

For research purposes – and not as part of the PAPI BSA – this
model was later used to illustrate the scenarios studied in the
DIGUES research programme. As scenario 2 (opening or relocating
dykes) is closer to an NBS, according to the IUCN definition, it
seemed useful to represent it in the model, to analyse potential gaps
between the population’s perception of it and the more objective
model outputs. Using scenario 2 along with the baseline scenarios
(0 and 1: dykes maintained in their current state and reinforced

dykes) for comparison, five modelling scenarios were defined for
the Authie Bay (Table 3):

Here, the NBS is defined as dyke relocation combined with salt
marsh restoration, achieved by creating breaches in the first line of
defence. Scenarios 2a, 2b and 2c in the model correspond to
scenario 2 (opening or relocating dykes) in the DIGUES survey.
Scenario 2c is equivalent to scenario 2b several decades after the
opening of the dykes, with the salt marsh restored. The topography
of the open area was thus adjusted to match that of the existing
marshlands before the dykes. For these relocation scenarios, the
second dyke linewas reinforced to an elevation of 7.4m abovemean
sea level (AMSL).

As the elevation of the dyked area is quite low, it was assumed that
breaching the dykes and restoring the salt marsh would result in
sedimentation of the land, raising it to the altimetric level of the
existing marsh. Furthermore, the evolution of the natural environ-
ment would most likely expand the high marsh, which is currently
sparse in the area before the dykes, and encourage the growth of taller
vegetation that could help attenuate water flow. The breach locations
in the model were determined based on sensitive points identified
during an exploratory field mission in April 2024, as well as the
location of the breaches that occurred during the 1984 and 1985
storms. Drawing on the results of the PAPI BSA plan and discussions
with local stakeholders, it was decided to test a more ambitious
relocation of the dykes, involving the use of the second line of defence.

The configuration of the initial model (bathymetry, mesh and
configuration of the dykes) was modified for these scenarios (Janin,
2024). Each modelled scenario was tested for two types of hydro-
meteorological events (E):

- E1: Annual water levels and annual wave conditions – as for a
spring tide coupled with a weak storm in the Authie Bay.

- E2: Centennial water levels and annual wave conditions.

Themean annual discharge of the Authie River is used in both cases.

Table 2. DIGUES survey scenarios as presented to the respondents

Scenarios Defence Uses Nature Landscape

0. Not changing the
dykes

Dykes are protecting against most
floods but not against a major
storm, which could flood several
hectares of farmland and hunting
huts

Activities are preserved
(agriculture, hunting,
walking, harvesting).

Great biodiversity in the
bay, great value of species
and habitats also behind
the dykes (wet grassland,
brackish marshes)

Dykes reclaimed land and are an
important element of the site’s
identity. They are part of the local
heritage and contribute to
enhancing the landscape

1. Reinforcing the
dykes

Dykes provide better protection
against a major storm

Recreational uses may
increase (walking)

Dykes are artificial
structures, but species and
natural habitats are
maintained behind the
dykes

Reinforced dykes become more
visible

2. Opening/
relocating the
dykes

Sea water may spread onto the
land, potentially flooding some
farmland and hunting huts

Some paths are cut off by
the water, and
agriculture and hunting
must adapt

New plant and animal
species adapted to the
evolution of the habitats;
some fresh marshland
species move inland

Dykes lose their historical role;
the landscape gradually
transforms

3. Vegetating the
dykes further

The development of marshes in
front of the dykes can participate in
flood risk protection by reducing
swell. The development of trees on
the dykes may weaken them

Uses are maintained Saltmarshes in front of the
dykes help to reduce
erosion; various nature
management methods;
increase in biodiversity

The landscape and historical role
of the dykes are preserved;
greater landscape continuity
between the bay and the dykes

4. Equipping the
dykes further

The level of protection does not
change

Access to the dyke is
facilitated, recreational
uses increase thanks to
the facilities

Animals may be disturbed,
mainly birds; vegetation
may be degraded by the
creation of paths

Panels, interpretation trails and
viewpoints enhance the
landscape and the heritage

Table 3. Modelled scenarios based on DIGUES scenarios (Janin, 2024)

DIGUES
scenarios

Modelling
scenarios Model modifications

0. Not
changing
the dykes

0. Not changing
the dykes

None

1. Reinforcing
the dykes

1. Reinforcing the
dykes

Breaches are blocked in the model
without raising the dykes
(theoretical and idealised case as,
in practice, the overflow could
induce breaches)

2. Opening or
relocating
the dykes

2a. Breaches in
the first line
of dykes

Levelling the first line of dykes in
some parts to create breaches. The
second line of dykes is reinforced to
7.4 m AMSL

2b. Levelling the
first line of
dykes

Levelling the first line of dykes and
reinforcing the second line to 7.4 m
AMSL

2c. Levelling and
restoring the
marshes

Same as 2bwithmodification of the
roughness and topographical
parameters
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Results

Social survey

The DIGUES survey revealed two interesting types of results that
contribute to a better understanding of how flood risk and man-
agement options are perceived locally: the attachment to the cur-
rent landscape of the bay and the sense of protection associated with
the dykes.

First, the survey showed a strong appreciation of the bay’s
landscape among the respondents. When asked about the dyke
landscape, 57%described it as “both natural and artificial,” 73% saw
it as “protecting nature” and 47% considered it “nature-friendly.”
These results can be explained by the dykes’ heavily vegetated state,
resulting from a lack of maintenance. This fixed perception of the
landscape is closely linked to an appreciation of the heritage value of
the dykes: 90% of the locals agreed that the dykes are part of the
local heritage, and 83%of them reported feeling personally attached
to them. This appreciation for the bay’s landscape is further
reflected in the response to scenario 0 (not changing the dykes),
which was the most favoured, with 70% answering positively to the
question, “Do you think this scenario is desirable for the future?”

Second, the survey showed a general sense of protection among
the population. When asked about the protection provided by the
dykes, 92% of the locals believed that they are fulfilling their role in
their current state. Moreover, when asked to show the areas pro-
tected by the dykes on a map of the bay, respondents mainly
pointed to the areas located immediately behind the southern dykes
(Figure 2).

The importance placed on the protection provided by the dykes
is confirmed in the responses to scenario 1 (reinforcing the dykes).
This scenario is better accepted by the locals (49% of positive
responses) than scenario 2 (opening or relocating), despite its
greater visual impact on the landscape with more prominent dykes.
Scenario 2 (opening or relocating) was one of the least well received
in the study, with 78% of locals expressing a negative opinion
(including “not really,” “not at all” and “don’t know” answers).
When asked to explain their reasons for rejecting this option,
respondentsmentioned their attachment to the existing landscape
and the fear of too great a change (34% of respondents), but also
concerns over reduced protection (25%) and potential land loss
(17%). Ultimately, the perceived protective value of scenario
1 (reinforcing the dykes) appears to be the main reason for its
more favourable reception compared to scenario 2 (opening or
relocating).

Although the survey revealed significant reservations about
dyke relocation, scenario 3 (further vegetating dykes) offers more
interesting perspectives on the potential acceptability of NBS, with
61% of locals viewing it positively. Unlike scenario 2 (opening or
relocating), the wording of Scenario 3 (further vegetating dykes)
explicitly mentions the role of both the salt marshes in front of the
dykes and the vegetation on the dykes themselves in reducing flood
risk. It should, however, be noted that this scenario is relatively close
to the current situation in the Authie Bay, where the dykes are
already heavily vegetated. This similarity may partly explain the
greater acceptance of Scenario 3 (further vegetating dykes), which
was perceived as an improvement on Scenario 0 (not changing the

Figure 2. Map of the percentages per answers to the question “Can you indicate on the map the areas protected by the dykes against sea flooding?” (109 respondents, Avdeew,
2021).
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dykes), offering better protection through the presence of the salt
marshes.

Modelling study

The tests conducted using the numerical model yielded three types
of results, concerning (i) the poor state of the current dykes, (ii) the
limitations of scenario 1 (reinforcing the dykes) and (iii) the effects
of various dyke relocation options on flood risk mitigation.

The modelling results for scenario 0 (not changing the dykes)
highlight the degraded state of the dykes (Figure 3), in line with
findings from the PAPI BSA studies (Artelia, 2021). In fact, under
event E1, both the first and second dyke lines would be breached,
with someoverflowoccurring at the third line, leading to the flooding
of farmland (Figure 3). Under event E2, the flooding intensifies and
extends upstream into the Colline-Beaumont andVillers-sur-Authie
areas, again due to breaches in the dykes (Figure 3).With this type of
event, the flooding is so severe that the waters spread as far as the
Somme Bay, approximately 11 km south.

The first floodmanagement optionmodelled is scenario 1 (rein-
forcing the dykes). It shows a highly idealised situation in which the
dykes are considered unbreakable and retain the same height as the
existing dykes. In this configuration, flooding only occurs through
overflow with no breaches, regardless of the type of storm. Under
event E1, this scenario limits the flooding around the bay itself but
directs tidal waters further upriver, causing floods in the Colline-
Beaumont and Tigny-Noyelle areas (Figure 4). This could also lead
to increased soil salinity in the affected farmland. Under E2, over-
flow intensifies around the bay for Scenario 1 (reinforcing the
dykes) and inland flooding worsens due to reduced flow capacity
associated with the rise in the Authie River’s water level (Figure 4).
The current dyke height is insufficient to contain an extreme event,
even in this reinforced scenario. Overall, this scenario would imply
a complete reconstruction of the dyke system and involve signifi-
cant maintenance costs. It would also have a greater visual impact
on the landscape, due to the removal of the existing shrubbery.

The second flood management option modelled is scenario 2a
(relocation with breaches). Under event E1, the reopened area
effectively contains the floodwaters, preventing them from pro-
gressing upriver (Figure 5). However, this would also imply a
transformation of the landscape, as the flooded areas would grad-
ually evolve into salt marshes, like the rest of the bay. For event E2,
scenario 2a (relocation with breaches) indicates an absence of
overflow along the relocated dyke line. Nonetheless, the flooding
extends into the Conchil-le-Temple and Villers-sur-Authie sectors
upstream (Figure 5). These results demonstrate the effectiveness of
relocating and reinforcing the second dyke line to 7.4 mAMSL, but
also reveal that they are not sufficient to withstand an extreme
storm event.

The third and fourth flood management options modelled are
scenarios 2b (relocation with levelling) and 2c (2b combined with
salt marsh restoration), designed to explore the potential role of a
high marsh in flood mitigation. The results obtained for these
scenarios differ slightly from those for scenario 2a (relocation with
breaches).

Under event E1, scenario 2b (relocation with levelling) results in
some flooding behind the second dyke line and along the river
(Figure 6). Levelling the first line of dykes increases tidal energy
across the estuary floor and raises water levels upstream, placing
greater pressure on the riverbanks and leading to flooding along the
Authie River. Unlike scenario 2a (relocation with breaches), this
could also lead to salinisation of riverine habitats, under frequent

events. Similarly, in scenario 2c (2b with salt marsh restoration)
under event E1, minor flooding can be observed behind the dykes
and upstream (Figure 7).

For E2, neither scenario 2b (relocationwith levelling) nor scenario
2c (2bwith saltmarsh restoration) is able to fully contain the flooding
– much like scenario 2a (relocation with breaches) (Figure 6 and
Figure 7). In both cases, flooding behind the second dyke line remains
limited, but more significant flooding occurs along the Authie River,
caused by dyke breaching and overflow (Figures 6–7).

Scenario 2a (relocation with breaches) helps to limit flooding
along the river during an annual event, by containing part of the
floodwaters and reducing the areas at risk. Scenarios 2b (relocation
with levelling) and 2c (2b with salt marsh restoration) increase the
flood hazard due to the levelling of the dykes. The breaches in
Scenario 2a (relocation with breaches) therefore contribute to
reducing flood risks by slowing water flow, as the older dyke
sections act as barriers. However, in the event of a major storm,
none of the modelled scenarios successfully contain the full extent
of flooding.

Discussion

A clear gap between perceived and modelled protection

First, the modelling results indicate a clear gap between how NBS-
like scenarios are perceived and their potential effectiveness in the
event of flooding. While the term “nature-based solution” was not
explicitly used during the survey, the details provided for scenarios
2 (opening or relocating the dykes) and 3 (further vegetating the
dykes) are consistent with the expectations of an NBS and offer
insight into how such approaches are perceived locally. However,
the wording of scenario 2 (opening or relocating – not emphasising
the potential restoration of a salt marsh in the opened area) can
partly explain why it was rejected. It is likely that it was not
perceived as a solution but rather as an admission of failure in
the face of rising sea levels.

The widespread attachment to the existing landscape appears
central to the rejection of dyke relocation (Goeldner-Gianella and
Imbert, 2005) and to greener solutions like NBS. This attachment
can be explained by the historical and cultural context, in which a
fixed landscape holds symbolic value. The respondents expressed
significant confidence in the dykes built by the “ancestors,” fre-
quently emphasising that these structures had “always held up.”3

This connection to the past and the perceived heritage value leads to
an underestimation of the dykes’ current condition and of the
effects of climate change and rising sea levels – factors that could
justify dyke relocation (Baan and Klijn, 2004). Moreover, the
perception of the dykes as “natural” explains the limited enthusi-
asm for the realignment scenario. For many respondents, restoring
natural habitats does not appear necessary, as they already view the
dykes as natural features (Goeldner-Gianella et al., 2024). Together,
these elements help explain the gap between public perception and
the outcomes of the modelled scenarios.

While the rejection of scenario 2 (opening or relocating) in the
survey can be partly be explained by how it was worded, it also
reflects a lack of public knowledge regarding dyke realignment and
the role of natural habitats in flood protection. Several surveys
conducted in the 2000s in the Netherlands (Baan and Klijn,
2004), France and the United Kingdom (Goeldner-Gianella and
Imbert, 2005) confirm this tendency. The DIGUES survey further

3Verbatim from the survey.
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Figure 3. Scenario 0 (not changing) modelled for event E1 (top) and event E2 (bottom) (Janin, 2024).
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Figure 4. Scenario 1 (reinforcing) modelled for E1 (top) and E2 (bottom) (Janin, 2024, p. 10).
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Figure 5. Scenario 2a (relocation with breaches) modelled for E1 (top) and E2 (bottom) (Janin, 2024, p. 11).
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Figure 6. Scenario 2b (relocation with levelling) modelled for E1 (top) and E2 (bottom) (Janin, 2024, p. 12).

Cambridge Prisms: Coastal Futures 11

https://doi.org/10.1017/cft.2025.10009 Published online by Cambridge University Press

https://doi.org/10.1017/cft.2025.10009


Figure 7. Scenario 2c (2b with salt marsh restoration) modelled for E1 (top) and E2 (bottom) (Janin, 2024, p. 13).
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reinforces this interpretation, highlighting an underestimation of
the risk among respondents.

The strong support for scenario 0 (not changing the dykes) and
the population’s expressed confidence in the protection provided
by the dykes are challenged by the model outputs. The current dyke
system cannot be relied upon to withstand even a moderate event
combining annual water levels and wave conditions – let alone a
centennial event. In their current state, they may breach, leading to
the flooding of several kilometres of land south of the bay. More-
over, reinforcing the first line of dykes could exacerbate upstream
flooding. The modelling of the survey scenarios reveals a clear
mismatch between perceived protection and potential risks.

This gap is clearly illustrated by comparing the population’s
perception map of protected areas (Figure 2) with the modelling
results for Scenario 0 (not changing the dykes) under events E1 and
E2 (Figure 3). Although both maps identify similar areas as at risk,
the model shows floodwaters extending further south, particularly
during a centennial event. A similar pattern was observed in Leucate,
where residents displayed a highly localised perception of risks,
despite modelled scenarios indicating a more extensive spread of
flooding (Elineau et al., 2021). Consequently, fears about a lack of
protectionmay be unfounded – at least in the case of an annual event.
In fact, scenario 2a (relocationwith breaches) offers better protection
for upstream sectors, compared to scenario 1 (reinforcing the dykes),
which mainly protects the areas immediately adjacent to the bay. By
modelling the three variations of scenario 2 (opening or relocating),
the concern over inadequate protection can be addressed and the
most effective form of realignment identified.

Assessing the relevance of dyke relocation and the allocated
area

Second, the comparison between public perception and the model
outcomes highlights the relevance of dyke relocation in the local
context. The modelling provides useful insight into how a combin-
ation of NBS and reinforcement of the second dyke line could be
optimised. However, the strong attachment to the existing, fixed
landscape of the bay does not leave a lot of room for the other
evolution scenarios.

These results underscore the importance of scaling NBS projects
and, more generally, marshland restoration projects. Two factors
must be considered here. First, the scale of the NBSmust be adapted
to the magnitude of the event, whether an annual or a centennial
storm event. In this study, the proposed dyke relocation is further
back than the alignment defined in the 2019 PAPI BSA.

The second factor concerns the conditions for implementation
of the NBS. The modelling results show that dyke relocation with
breaches offers considerable benefits in the case of an annual event
E1: the remaining sections of the old dyke help slow water flow and
therefore reduce overflow risks along the reinforced second line.
Moreover, these remaining sections of the dyke facilitatemarshland
restoration by contributing sediments as they gradually erode
(Bertrand et al., 2014; Goeldner-Gianella and Bertrand, 2014).
Thus, despite its lack of public support and based on the model
outcomes, scenario 2 (opening or relocating) with realignment of
the second dyke line could contain flooding within the reopened
area (Figure 4).

In the case of the Authie Bay, an NBS without dyke relocation is
not feasible. The site’s geomorphology makes such a scenario
unlikely in the short term since the dyked areas link the Authie
Bay to Somme Bay, 11 km to the south. Moreover, the presence of
agricultural and hunting activities in the low-lying lands further

restricts the potential for reopening these areas. The relocated dyke
alignment proposed in this study accounts for these constraints, as
well as the ongoing salinisation of land closer to the first dyke line.
In this context, the model outcomes support the relevance of a
mixed approach, combining an NBS through reopening and res-
toration of a salt marsh, with maintenance of a relocated dyke line.

The choice between reinforcement and NBS is less about the
perceived lack of protection highlighted by the survey and more
aboutmanagingwhich areas are exposed to flooding. In this specific
case, the relocation scenario provides the opportunity to choose the
flooded areas, whereas reinforcement of the existing line may
exacerbate the risks upstream.

The value of modelling for NBS acceptability

The dyke relocation proposed by the PAPI BSA has already
encountered significant opposition from the local population,
who feel excluded from the decision-making process – an exclusion
that could lead to a loss of trust in the governance structures (Baan
and Klijn, 2004). Relocating the dyke further back would therefore
require transparency and clearer communication regarding the
rationale, expected benefits and the effects on both natural habitats
and local vulnerability. Public participation is often a key factor in
the success of a dyke reopening project. However, it is frequently
overlooked or marginalised in the decision-making process
(Goeldner-Gianella, 2013).

Awareness-raising and public information are essential for
improving the acceptability of NBS. In France, dyke reopening
projects tend to be better received in areas where the population
has a better understanding of natural habitats and their functions
(Goeldner-Gianella, 2013). Some studies also indicate that people
are more concerned about deliberate breaches than accidental ones
(Baan and Klijn, 2004) – a finding echoed in our study results. The
relocation scenario was less well received, with respondents per-
ceiving habitat evolution resulting from dyke breaching as negative,
even harmful, to an environment they already considered natural
(Goeldner-Gianella et al., 2024).

In this context, these modelling results were presented to local
stakeholders with the aim of supporting the decision-making pro-
cess. The maps generated from these results proved to be a valuable
tool for illustrating the potential benefits of an NBS. Similar
approaches have already been implemented using participative
modelling to raise awareness and address uncertainties surround-
ing NBS in the Seudre basin in western France (Antoine et al., 2023)
and in Nova Scotia in eastern Canada (Cornejo et al., 2025). The
MANA research project also applied this principle through a
serious game, using flood simulations to raise awareness among
public stakeholders (Taillandier et al., 2022). The results obtained
for the Authie Bay were thus presented to local governance stake-
holders (inter-municipal authorities and public bodies) at a discus-
sion workshop focused on the potential for dyke relocation.

Modelling can also be a valuable tool for illustrating the role of
coastal NBS. When used during project design phases and public
participation workshops, it can support the decision-making and
awareness-raising processes (Antoine et al., 2023). For example,
Artelia uses modelling during workshops with public stakeholders
as part of various projects (Artelia, 2015, 2021).

Modelling limitations

Modelling results can, however, be subject to criticism. They
entirely depend on the parameters defined to represent features
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such as dykes and topography (Paulik et al., 2024;Wiles, 2006). For
scenario 2c (2b with salt marsh restoration), for instance, the choice
was made to raise the topography of the reopened area tomatch the
existing marshland in front of the dykes and to increase the rough-
ness to simulate restoration. These parameters certainly do not fully
reflect the real effects of a restored saltmarsh.

Moreover, small variations in parameters can lead to different
results in terms of flooded areas, reflecting the model’s sensitivity
(Wiles, 2006; Paulik et al., 2024). This is illustrated by the results of
scenario 0 (not changing the dykes) for an E2 event in this study,
where the model suggests the possibility of more extensive flooding
to the north of the river with this kind of storm event.

Conclusion

Cross-referencing the 2021 social survey with the modelling of
NBS-like scenarios reveals that the population of the Authie Bay
has limited understanding of flooding risks. This is illustrated by
their perception of the current dykes as fully functioning, and their
view of protected areas mainly confined to the zones immediately
behind the dykes. This lack of flood risk awareness, paired with a
strong attachment to the landscape and the heritage value of the
dykes, leads the respondents to reject any scenario bringing about
change. Thus, scenario 2 (opening or relocating) is highly unpopu-
lar among respondents, despite its clear benefits for flood risk
mitigation, as proved by the model outcomes. While the fear of
inadequate protection was a key concern for respondents, the
modelling indicates that a more ambitious dyke relocation than
currently defined in the PAPI BSA is necessary to achieve signifi-
cant flood risk reduction.

The modelling results show that dyke relocation involving
breaches and reinforcement of the second line of defence would
provide better protection than the current situation. Therefore,
these results could serve as an effective tool to raise awareness
among stakeholders and local communities, helping to clarify
flooding risks and the benefits of dyke relocation and coastal habitat
restoration.

Nonetheless, this study faced some limitations related to the
parameter choices for scenario 2c (2b with salt marsh restoration),
which warrant further investigation. In particular, this research was
unable to capture the effects of high marsh vegetation on risk
reduction (Bertrand et al., 2024), as the modules available in the
PAPI model do not address this aspect yet. Additional research on
the types of habitats and vegetation likely to be restored through
dyke opening in the area could also help inform flood risk man-
agement strategies and provide insight into potential co-benefits,
such as carbon sequestration.
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