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ARTICLE INFO ABSTRACT

Handling Editor: Lixiao Zhang Coastal realignment is the procedure of repositioning or removing coastal defense structures to restore tidal

flooding and facilitate the development of intertidal ecosystems in a previously reclaimed area from the sea. A

Southwest delta
Zeeland

Keywords: key policy objective of coastal realignment is to increase ecosystem services provided by intertidal ecosystems
Ma“alied realignment and thereby contribute to human well-being. However, the social response to coastal realignment is often
Depoldering

negative, raising the question as to what extent communities living nearby project locations recognize, value and
benefit from the goods and services provided by restored intertidal ecosystems. In this study, we examine public
perceptions of ecosystem services gains, losses and trade-offs associated with coastal realignment. We hereby
focus on three coastal realignment case study locations in the Southwest delta, the Netherlands. Questionnaires
were administered in nearby villages and the collected data (N = 261) were analyzed using random forest
regression models. A notable outcome of this study is that local communities often consider coastal realignment
interventions to decrease rather than increase the availability of ecosystem services. This points to a discrepancy
between how coastal realignment is viewed from a policy perspective and a local community perspective.
Changes in the availability of cultural ecosystem services were found to have the highest impact on the level of
support for coastal realignment, while the importance attached to provisioning, regulating and supporting
ecosystem services was notably lower. In consequence, to increase public support, it will be essential to minimize
the loss of cultural ecosystem services, or better yet, find ways to increase cultural ecosystem services through

Intertidal ecosystem
Public support

coastal realignment, for instance by creating opportunities for recreation and tourism.

1. Introduction

For centuries it has been the tradition in low-lying countries such as
the Netherlands to reclaim lands from the sea and establish dike infra-
structure along the coastline. Dikes have been a primary means to
manage flood risks, while many of the reclaimed land areas behind the
dikes, known as polders, have been repurposed for agricultural pro-
duction and human settlement (van der Ham, 2009). Land reclamations,
dike constructions and other human developments in estuarine areas
have resulted in the loss and degradation of intertidal ecosystems, such
as salt marshes and tidal flats (Kennish, 2002; Murray et al., 2019).
These ecosystems provide important ecosystem services, such as flood
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protection, nutrient regulation, opportunities for recreation and habitats
for a variety of plant and animal species (Barbier, 2012; Deegan et al.,
2012). On a global scale, between a quarter and half of all salt marsh
areas have disappeared (Millennium Ecosystem Assessment, 2005). Also
in the Netherlands, major losses have taken place over the past few
decades, particularly in the Eastern Scheldt estuary in the Southwest
delta (de Vet et al., 2017; Smaal and Nienhuis, 1992). To reduce the
pressure on intertidal ecosystems, it will become increasingly important
to shift from conventional dike infrastructure to alternative ways to
protect the coast, particularly in the light of climate change. Sea-level
rise will prompt the landward migration of the intertidal zone, causing
the ecosystems to become squeezed between the sea on one side, and the
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hard coastal defences on the other (Doody, 2013; Pontee, 2013).

The introduction and adoption of the concept of nature-based solu-
tions in coastal policies marks a paradigm shift in the approach to flood
risk management (Warner et al., 2018). Conventional flood defences are
no longer considered the sole solution to flood protection, but the use of
hard structures is preferably combined or replaced with actions that
protect, sustainably manage or restore the capacity of ecosystems to
decrease the risk of flooding (Guerry et al., 2022). Under the umbrella of
nature-based solutions, a range of alternative coastal defence strategies
have emerged that contribute to flood risk management and the resto-
ration of estuarine biodiversity jointly. One such strategy is the land-
ward realignment of existing hard defenses to restore tidal flooding and
facilitate the restoration of intertidal ecosystems in a clearly defined
coastal stretch — usually within agricultural areas (de la Vega-Leinert
et al., 2018; French, 2006). This is often referred to as coastal realign-
ment, managed realignment or depoldering. Intertidal ecosystems, and
in particular salt marshes, have the ability to dissipate the force of waves
and provide a protective buffer to the realigned coastal defense (Huguet
et al., 2018). This contributes to flood safety and potentially leads to a
significant reduction in flood defence maintenance costs (Turner et al.,
2007).

Much attention is being directed to the biophysical and ecological
changes associated with coastal realignment (Brunetta et al., 2019;
Burden et al., 2013; Petillon et al., 2014; Rotman et al., 2008). However,
to facilitate coastal realignment interventions in the coming years, it is
equally important to understand how these interventions are perceived
by local communities and what factors shape their perceptions. In spite
of providing significant nature restoration and flood protection benefits,
previous studies have shown that deliberately “giving-up land to the
sea” is controversial and gives rise to strong emotional reactions from
the nearby population (Ledoux et al., 2005; Rulleau et al., 2017). Ob-
jections and concerns particularly revolve around the loss of the agri-
cultural polder, along with the loss of livelihoods (Roca and Villares,
2012), cultural landscape elements (de la Vega-Leinert et al., 2018),
community traditions (Liski et al., 2019), and place-related bonds
(Agyeman et al., 2009) associated with the polder. Also institutional
aspects raise concerns among the local population - for instance the lack
of confidence in authorities and planning procedures has been reported
to obstruct implementation processes around coastal realignment pro-
jects (e.g. Myatt et al., 2003; Roca and Villares, 2012). A key challenge
from a project design and implementation perspective is to accommo-
date these concerns and counterbalance perceived negative impacts to
allow for more socially acceptable and sustainable coastal realignment
interventions.

On a more positive note, previous studies have shown that coastal
realignment generally leads to a net gain in the availability of ecosystem
services compared to the business-as-usual alternative (MacDonald
et al., 2020). This suggests that the new (realigned) landscape and the
ecosystem services provided by the new landscape have the potential to
improve the well-being of the local community and contribute to sup-
portive attitudes toward project development. It is therefore worthwhile
to explore to what extent and under what circumstances local commu-
nities recognize, value and benefit from these ecosystem services. Yet, so
far this has seldom been a topic of study, apart from a few notable ex-
ceptions (Chen et al., 2020; McKinley et al., 2020; Sherren et al., 2016,
2021; Zhao et al., 2023). In a similar manner, it remains open to ques-
tion to what extent the ecosystem services provided by the new land-
scape counterbalance in the perception of the local community the
forgone ecosystem services associated with the loss of the agricultural
polder (i.e. the ecosystem services trade-offs), which is particularly
relevant in the context of coastal realignment. This lack of under-
standing about how coastal realignment is perceived from an ecosystem
services perspective hinders the design and implementation of future
interventions that adequately balance ecological and water safety ob-
jectives with the interests and needs of the local community.

To address some of the abovementioned concerns, in this study we
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examine public perceptions of changes in the availability of ecosystem
services as a consequence of coastal realignment. We focus on one
ongoing and two fully established project locations in the Southwest
delta, the Netherlands. A survey questionnaire was administered in the
field among the population of villages nearby these project locations to
compare how they perceive the availability of ecosystem services in the
old situation (prior to coastal realignment) and in the new situation
(post coastal realignment). Thereupon, we use regression techniques to
examine how changes in ecosystem services availability affect public
support for the intervention. The outcomes of this study point to societal
gains, losses and trade-offs associated with coastal realignment, and
suggest that there are ways to make coastal realignment more socially
acceptable and beneficial.

2. Methodology
2.1. Study area

This study takes place within the context of the nature restoration
efforts in the Eastern Scheldt and Western Scheldt estuaries in the
Southwest delta, the Netherlands (Fig. 1a and b). Both estuaries are
Natura 2000 protected areas and contain vast amounts of intertidal
ecosystems. Over the past decades, these ecosystems have been deteri-
orating steadily, as a consequence of human actions such as the
completion of the storm surge barrier in the Eastern Scheldt in 1986 and
regular dredging activities in the navigation channels in the Western
Scheldt to the port of Antwerp. As part of a strategy to halt and reverse
the degradation of natural values and achieve the Natura 2000 goals, the
Dutch government has identified potentially suitable locations for the
implementation of nature restoration efforts, such as coastal realign-
ment and the construction of breakwaters. In this study, we focus on
three coastal realignment case study locations, including Rammegors,
Perkpolder and the Hedwigepolder (Fig. 1c).

Rammegors is a nature reserve of about 145 ha, located in the Mu-
nicipality of Tholen on the northeastern border of the Eastern Scheldt
estuary. The Rammegors area was originally composed of estuarine
intertidal ecosystems, because of its open connection with the Eastern
Scheldt. With the construction of a dam (the Krabbenkreekdam located
directly to the west of Rammegors) and the opening of a canal (the
Scheldt-Rhine canal, located directly to the east of Rammegors) in 1972,
the area was closed off from the Eastern Scheldt and gradually trans-
formed into a brackish-freshwater wetland. In the decades that followed,
the intertidal areas within the Eastern Scheldt became increasingly
under pressure, as a result of coastal developments and the associated
disturbance of the tidal volume, tidal current velocities and the overall
sediment budget (De Vet et al., 2018; Van der Werf et al., 2019). To
compensate for the loss and degradation of intertidal areas, a number of
compensatory measures were implemented, one of which being the
reintroduction of the tide in the Rammegors area. Consequently, in
2014, a tidal inlet was constructed in the Krabbenkreekdam to reconnect
the Rammegors area with the Eastern Scheldt and allow for the devel-
opment of saline intertidal ecosystems. As the Krabbenkreekdam
remained in place, the Rammegors area continued to be an inner dike
system. The intervention was subject to negative media attention and
raised concerns among the nearby community, in particular about
salinization-induced degradation of the surrounding agricultural areas
and local freshwater resources.

Perkpolder is a previously reclaimed area located along the Western
Scheldt in the municipality of Hulst. The Perkpolder area marks the site
of an old ferry service. With the opening of a road tunnel below the
Western Scheldt in 2003, the decision was taken to discontinue the ferry
service and redevelop the ferry port site and the adjacent agricultural
polders. The Dutch Water Management Authority (Rijkswaterstaat) was
at the same time looking for suitable locations in the Western Scheldt to
implement nature compensation measures, including coastal realign-
ment. A collaboration between the municipal government, the Province,



V. Bax et al.

Journal of Environmental Management 345 (2023) 118675

a)

Southwest delta

RG = Rammegors PP = Perkpolder =~ HP = Hedwigepolder

Rammegors 2021

Fig. 1. Study area. a) Location of the Southwest delta in the Netherlands; b) Location of the Eastern Scheldt, Western Scheldt and the three coastal realignment case
study areas. The bold black lines depict primary flood defenses; c) Satellite images of the three coastal realignment case study areas. The images of Rammegors and
Perkpolder show the landscape prior to and post coastal realignment (in 2013 and 2021, respectively), whereas the images of Hedwigepolder show the landscape
approximately 4 years and 1 year prior to coastal realignment (in 2018 and 2021, respectively).

Rijkswaterstaat and private actors eventually resulted in a broader
spatial development plan for the Perkpolder area (van Buuren et al.,
2012), which included the creation of a 75 ha estuarine nature reserve
through a coastal realignment intervention, along with the development
of new houses and a marina. A new sea defense was established further
inland, after which the original primary defense around the agricultural
polders was breached in 2015 to reestablish the tidal influence and
facilitate the development of the estuarine nature reserve. Two years
after the dike breach, it became clear that the soil substrates used to
create the new sea defense contained heavy metals, causing pollution of
the phreatic water and the nearby surface waters. While health and
environmental risks were deemed negligible, the issue was broadly
covered by the local and national media, leading to negative societal
attitudes to the Perkpolder redevelopment initiative and concerns about
the water quality among the local population.

The Hertogin Hedwigepolder (hereafter Hedwigepolder) is a former
agricultural polder of 300 ha in the region of Zeeuws-Vlaanderen,
located deep into the Western Scheldt estuary against the Belgian
border. The area has been reconnected with the Western Scheldt
through a planned dike breach at the end of 2022. At the time of con-
ducting this research, the actual dike breach was still to take place,
whereas the required preparatory activities such as the removal of trees
and buildings and the construction of a new coastal defense further
inland had already been completed. Hence, in the context of this study
the realignment of Hedwigepolder is considered to be an ongoing coastal
realignment intervention. As a result of the intervention, the Hedwige-
polder and the adjacent Prosperpolder on the Belgian side of the border
will gradually transform into an intertidal nature reserve to become part
of the Saeftinghe marshes - the largest salt marsh Natura 2000 protected
area in the Southwest delta (in Dutch: Verdronken land van Saeftinghe).

The plans to convert the Hedwigepolder have been met with a great deal
of resistance from the local community and led to extensive societal and
political discourse about the need to give up land for nature restoration
purposes. Over the years, several attempts have been made to circum-
vent the coastal realignment intervention, for instance through legal
procedures initiated by property owners in the area or inquiry into
alternative measures to achieve nature compensation objectives. The
final decision on the destiny of the Hedwigepolder was taken by the
Supreme Court of the Netherlands in 2018, ruling in favor of the coastal
realignment intervention.

2.2. Data collection

We started out with a review of the scientific literature to collect
published evidence on public attitudes to coastal realignment and
comparable policy-induced landscape interventions. The results of this
review were used as input for the conceptualization of a rigorous
questionnaire instrument to measure the attitude toward the coastal
realignment interventions in the Perkpolder, Rammegors and Hedwi-
gepolder areas. By studying multiple case study locations in the South-
west delta, each with a different implementation status and context, we
aimed to generate a comprehensive understanding about how coastal
realignment is perceived by communities nearby project locations. A
separate questionnaire was developed for each of the three case study
locations with equivalent questions to allow for comparison between the
different locations, while taking into account case study-specific infor-
mation to provide context. A major part of the questionnaire centered
around concepts from the psychological sciences, including place
attachment, risk perception, trust and social norms. The outcomes of this
part of the questionnaire are beyond the scope of the present study and
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will be reported and discussed in a forthcoming publication.

For the purpose of this study, we focus on one particular question
about the perceived changes in the availability of ecosystem services as a
result of the landscape transformation, as well as one question about the
level of support for the coastal realignment intervention. More specif-
ically, we asked respondents to indicate to what extent they perceive the
availability of ecosystem services to be better in the old situation (prior
to coastal realignment) or in the new situation (post coastal realign-
ment), taking into consideration a list of 16 ecosystem services
belonging to 4 categories (provisioning, regulating, supporting and
cultural ecosystem services). Perceptions about the availability of each
of these 16 ecosystem services were elicited through a rating scale,
ranging from 1 (much better in the old situation) to 5 (much better in the
new situation). The level of support for the coastal realignment inter-
vention was evaluated based on one question consisting of three items —
all of which were measured on a 5-point rating scale.

The questionnaires were administered across three villages in the
surroundings of the coastal realignment project locations, including Sint
Philipsland (~1 km from Rammegors), Kloosterzande (~1 km from
Perkpolder) and Hulst (~10 km from the Hedwigepolder). We thor-
oughly instructed and supervised a team of six Master’s students to
administer the questionnaires, using a pre-established protocol and
following widely accepted ethical principles in social science research
such as the ones described in Kelley et al. (2003). In brief, the students
were instructed to briefly introduce themselves, explain the purpose of
the study and guarantee the confidentiality of the collected data and
anonymity of the participant. All respondents provided consent to
participate in the study and agreed to the use of their data for scientific
purposes. We deployed a door-to-door sampling strategy, aiming to
obtain a randomized and representative sample of the village’s popu-
lation. The students were instructed to distribute the questionnaires in
various neighborhoods across the towns (e.g. in the town’s center and at
the outskirts), potentially increasing the representativeness of our
samples compared to the target population. Inhabitants of rural areas
directly surrounding the towns were not sampled, which could explain
the low proportion of respondents employed in agriculture within our
samples (see also the sample description in the results section). The
questionnaires were left behind and collected at the end of the day (often
referred to as a drop-off/pick-up data collection strategy (Steele et al.,
2001)) to give respondents sufficient time to answer all questions and
think about their answers. Residents unavailable to complete the ques-
tionnaire at the time of administration (e.g. in the circumstance they
were too busy or not at home) were offered the possibility to complete
the survey online via a weblink on a postcard. The administration of
questionnaires in the field took place in a period of about 10 days
(usually mornings and afternoons) in the months of December 2021 and
January 2022. In Sint Philipsland we sampled 183 out of the approxi-
mately 882 houses in the village (21%). In Kloosterzande we sampled
224 out of 1645 houses (14%) whereas in Hulst we sampled 253 out of
5.578 houses (4%).

2.3. Data analysis

As a first approach to data analysis, we generated case study
location-specific box and whisker plots for each of the 16 ecosystem
services to explore and visualize how the local community generally
perceives the landscape transformation to change the availability of
ecosystem services. In addition, the one-sample Wilcoxon signed rank
test was employed to examine whether differences in the perceived
availability of these 16 ecosystem services are statistically significant.

The overall level of support for the coastal realignment intervention
was evaluated by reducing the three separate questionnaire items into a
latent variable. We conducted a factor analysis (principal components
analysis with varimax rotation) along with a reliability analysis using
IBM SPSS version 25, which showed a high correlation between each
questionnaire item and the latent variable (factor loadings of >0.900)
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and a high scale reliability (Cronbach’s alpha 0.943), see Table 1.

A random forest regression analysis was conducted to investigate
how changes in the perceived availability of ecosystem services impact
the level of support for the implementation of coastal realignment,
largely following the modeling procedures employed by Bax et al.
(2022) and Levi (2021). In brief, a random forest model is composed of a
large number of decisions trees. The trees are generated based on
randomly bootstrapped training samples, consisting of about two thirds
of the initial dataset. Each tree in the random forest uses a randomized
subsample of predictor variables to determine the split at each node. The
remaining training data, about a third of the initial dataset (referred to
as out of bag (OOB) data), is withheld from the construction of the trees
and used to validate the accuracy of the model. The model produces
relative importance metrics associated with each predictor variable
included in the model, by measuring to what degree the percentage of
Mean Square Error (MSE) of the model increases when OOB data for a
given variable is randomly permuted, while leaving the other variables
unchanged. A thorough theoretical description of the random forest
model is available in Breiman (2001).

We specified a separate random forest regression model for each of
the three coastal realignment project locations. The 16 ecosystem ser-
vices whose perceived availability was rated in the old and new situation
(i.e. prior to and post coastal realignment) were used as the predictor
variables, while the level of support for the landscape transformation
was used as the response variable. Demographic characteristics of re-
spondents were considered as predictor variables but omitted from the
final models because their explanatory power and contribution to model
fit turned out to be limited. We conducted the analysis in R, using the
randomForest package. The model requires the user to specify two
tuning parameters: ntree (the number of regression trees in the model)
and mtry (the number of randomly sampled predictor variables to
determine the split at each node in the trees). The ntree parameter was
set to 1000 to ensure stability of the variable importance assessment
(500 is the default) while the value of the mtry parameter was deter-
mined by dividing the number of predictor variables (16) by 3, as sug-
gested by Liaw and Wiener (2002). We used the variable importance
function in the randomForest package to assess how changes in the
perceived availability of ecosystem services as a consequence of the
landscape transformation affect public support for coastal realignment.

3. Results
3.1. Sample description and level of support for coastal realignment

The data collection activities yielded a total of 325 surveys across the
three case study areas, with an average response rate of 45%. Incomplete
surveys were discarded (64), which resulted in a final sample of 261
surveys (Rammegors n = 83, Perkpolder n = 95 and Hedwigepolder n =
83). The size of the subsamples resulted in a margin of errror (MoE) at a
95% confidence level of 10.8%, 10.1% and 10.8% for the Rammegors,
Perkpolder and Hedwigepolder areas, respectively.

Table 1

Factor analysis and reliability analysis on questionnaire items used to evaluate
the level of support for coastal realignment in Rammegors, Perkpolder and
Hedwigepolder.

Factors and questionnaire items Factor Standard Cronbach’s
loading deviation alpha
Level of support (mean = 2.62; eigen value = 2.69; variance explained = 89.7%)
1 fully agree with the decision to 0.948 1.325 0.943
implement coastal realignment
I fully understand the decision to 0.956 1.329
implement coastal realignment
I have very positive feelings about 0.938 1.274
the decision to implement coastal
realignment
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Fig. 2a provides an overview of the sociodemographic characteristics
of the respondents included in our sample. The sociodemographic pro-
file of the respondents is fairly similar across the three case study areas,
with on average slightly more men (58%) than women (42%) and more
than 80% of the respondents having completed some form of vocational
education or holding a university degree. Respondents in the Hedwi-
gepolder sample are slightly older and better educated than respondents
in the Rammegors and Perkpolder samples. A minor share of the re-
spondents within our samples is employed in a job related to agriculture
(4% of the Rammegors sample, 3% of the Perkpolder sample and 5% of
the Hedwigepolder sample; data were not included in Fig. 2). The de-
mographic characteristics of the respondents within the sample were
fairly similar to census data of the total population in the corresponding
areas (see the appendix), with a slight overrepresentation of males
(between 5% and 7%) and an underrepresentation of respondents below
the age of 29 (albeit census and sample data are not entirely comparable
due to differences in age class distribution).

Fig. 2b shows the variation in the level of support for coastal
realignment across the three study areas. In the case of both the Ram-
megors and Hedwigepolder areas, more than 50% of the respondents
were found to have a low or very low level of support for the coastal
realignment intervention, while around 20% indicated to have a high or
very high level of support. In contrast, the support for coastal realign-
ment in Perkpolder was considerably higher, with more than 35% of the
respondents having a high or very high level of support and 29% indi-
cating to have a low or very low level of support.

3.2. Perceived gains and losses of ecosystem services

The colored boxplots in the left panels of Fig. 3 show for each of the
three case study areas to what degree respondents consider the avail-
ability of ecosystem services to be better in the old situation (prior to
coastal realignment) or in the new situation (post coastal realignment).
The grey bar charts in the right panels of Fig. 3 show how perceptions
about changes in the availability of ecosystem services impact the level
of support for the landscape transformation. The random forest regres-
sion model statistics can be found in Table 2.

3.2.1. Rammegors

The coastal realignment intervention in the Rammegors area is
generally perceived as having a negative impact on the availability of
ecosystem services. More specifically, the transformation of the land-
scape is perceived to have caused a reduction in all provisioning
ecosystem services (p < 0.01), supporting services (p < 0.01), cultural
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services (p < 0.01 or p < 0.05) and several regulating services, including
carbon sequestration, soil quality regulation and pollination (p < 0.01).
Some regulating services (e.g. erosion control and pollution control) are
perceived to be comparable in the old and new situation, while flood risk
reduction seems to have improved as a consequence of the landscape
transformation — albeit the change is not statistically significant (p >
0.05).

Of all ecosystem services considered, in particular the changes in
landscape aesthetics, opportunities for recreation and tourism and
biodiversity were found to have a high impact on the level of support for
the landscape transformation. The regression model statistics (Table 2)
show that the change in the perceived availability of all ecosystem
services together explains 31.5% of the variance in the level of support.

3.2.2. Perkpolder

The population near Perkpolder considers the coastal realignment
intervention to have resulted in both positive and negative impacts on
the availability of ecosystem services. In general, several regulating and
supporting ecosystem services are perceived to have improved since the
landscape transformation took place, including erosion control (p <
0.01), flood risk reduction (p < 0.01) and biodiversity (not statistically
significant, p > 0.05). The availability of other regulating services has
not noticeably changed (e.g. carbon sequestration and pollution con-
trol), whereas soil quality regulation has become worse after the land-
scape transformation (p < 0.01). When it comes to cultural services, the
coastal realignment intervention has enhanced the opportunities for
recreation and tourism (p < 0.01), potential for education and knowl-
edge (p < 0.05), and landscape aesthetics (p > 0.05). On the other hand,
the availability of provisioning ecosystem services seems to have
declined in the perception of the local population, with the provisioning
of food, fresh water and fibres and raw materials having become worse
because of the landscape transformation.

The level of support for coastal realignment is particularly shaped by
the changed availability of several cultural ecosystem services,
including recreation and tourism as well as landscape aesthetics.
Meanwhile, the changed availability of provisioning, regulating and
supporting services appears to have a notably lower influence on the
level of support for coastal realignment. The regression model statistics
(Table 2) show that the perceived changes in ecosystem services induced
by the landscape transformation explain 50.2% of the variance in the
level of support for coastal realignment.

3.2.3. Hedwigepolder
The ongoing transformation of the Hedwigepolder area is generally

a) Rammegors Perkpolder
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Fig. 2. Sociodemographic characteristics of the respondents (a) and their level of support for the landscape transformation (b).
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Fig. 3. Perceptions about changes in the availability of ecosystem services in Rammegors (a), Perkpolder (b) and Hedwigepolder (c), and impact of these perceived

changes on the level of support for the landscape transformation. Left panel:
services in blue, supporting services in green and cultural services in yellow. Bo
services is generally perceived to be better in the old situation, while boxes

The colored boxplots display provisioning ecosystem services in brown, regulating
xes inclining to the left of the middle point indicate that the availability of ecosystem
toward the right indicate that the availability is perceived to be better in the new

situation. Statistically significant differences between the availability of ecosystem services in the old and new situation are indicated with asterisks (* = p < 0.05; **
= p < 0.01). Right panel: The dark grey bar charts display the random forest regression results. Separate random forest models were specified for each of the three
case study areas, with perceptions of the changed ecosystem services availability as the predictor variables and the level of support for the landscape transformation
as the response variable. Bars indicate the relative importance of each predictor variable to model accuracy (measured as the percentage of increase in mean square

error by permuting a predictor). (For interpretation of the references to color

considered to decrease the availability of ecosystem services. In partic-
ular, the nearby population anticipates a negative impact on all provi-
sioning ecosystem services as well as several regulating services (e.g.
pollution control, pollination, and soil quality regulation) and cultural
services (e.g. place identity and cultural heritage, as well as mental and
physical health). Expected changes in the availability of these ecosystem
services are statistically significant at the 0.01 or 0.05 level. In addition,
the change in landscape attractiveness was found to be statistically
significant at the 0.01 level, albeit the degree of variation in the
perceived attractiveness between the old and new landscape shows that
respondents anticipate both positive and negative aesthetic effects
associated with the landscape transformation.

Expected changes in landscape aesthetics stand out as having the
highest impact on the level of support for coastal realignment. The ex-
pected changes in the availability of all ecosystem services together

in this figure legend, the reader is referred to the Web version of this article.)

explain 38.0% of the variance in the level of support for coastal
realignment, see Table 2.

4. Discussion

It is widely accepted in policy and academia that intertidal ecosys-
tems such as saltmarshes and tidal flats have a greater capacity to pro-
vide ecosystem services compared to polders (e.g. Costanza et al., 2014;
Millennium Ecosystem Assessment, 2005), making coastal realignment
an opportune management action to deliver benefits to society and in-
crease human well-being. Previous studies have for instance highlighted
how polder-saltmarsh transformations positively impact regulating
services such as flood risk reduction and erosion control, as well as
cultural services such as landscape attractiveness and opportunities for
recreation and tourism (Luisetti et al., 2011; MacDonald et al., 2020).
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Fig. 3. (continued).

Table 2
Random forest regression model statistics.

Mean of squared residuals Variance explained (%)

Rammegors 1.03 31.5
Perkpolder 0.61 50.2
Hedwigepolder 1.13 38.0

Gains of regulating, supporting and cultural services have been reported
to offset the loss of provisioning services associated with the conversion
of the agricultural polder, such as crop production and fresh water
supply (e.g. MacDonald et al., 2020). This allows coastal realignment
interventions to achieve a net-increase in the availability of ecosystem
services.

An important contribution of our study to the existing body of
knowledge on coastal realignment is that local populations nearby
project locations — in particular nearby the Rammegors and Hedwige-
polder areas — more often than not consider the ecosystem services
provided by the new (realigned) landscape to be less beneficial
compared to the foregone ecosystem services associated with the con-
version of the polder. This indicates that there is a discrepancy between
how coastal realignment theoretically increases the availability of
ecosystem services (i.e., what may be expected based on changes in
ecosystem properties and functioning) and the extent to which the ser-
vices of the new landscape are actually used and appreciated by local
communities. The perceived loss of polder-related ecosystem services
appears to outweigh the ecosystem services gains associated with the
restoration of the intertidal area, which translates into a relatively low
overall level of support for the landscape transformation.

Our study provides insight as to why the presumed benefits of coastal
realignment are not fully recognized and valued by the local community.
To begin with, the results show that in all three case study areas, the
landscape transformation is perceived as having a negative impact on
provisioning ecosystem services, including food, fresh water and fibres
and raw materials. This was to be expected, in particular when it comes
to the agricultural polders of the Perkpolder and Hedwigepolder areas —
the conversion of which inevitably comes with impacts on agricultural
production, fresh water supply and resources extraction
(Gomez-Baggethun et al., 2019). In the case of the Rammegors area, the
conversion from a freshwater wetland into a brackish nature reserve has
reduced the availability of freshwater resources, while access re-
strictions imposed after the landscape transformation took place may
have resulted in the loss of consumptive uses of the area. Our regression

results indicate that in all three case study areas, the decline in provi-
sioning ecosystem services has generally a low impact on the level of
support for the landscape transformation. This suggests that the loss of
the polder as a place for resources extraction and productive activities
such as agriculture is not of major concern to the local population. Note
that only a minor share of the respondents within our samples are
employed in agriculture (on average about 4%), which may partly
explain the low importance attached to polder-related provisioning
ecosystem services.

Beyond impacts on provisioning ecosystem services, our results show
that coastal realignment is often considered to decrease the availability
of several regulating, supporting and cultural services. We found this to
be most notable in the case of the Rammegors and Hedwigepolder areas.
Many of the regulating services provided by intertidal ecosystems such
as pollination, pollution control and carbon sequestration are not clearly
visible — this in contrast to provisioning ecosystem services and cultural
services such as landscape attractiveness. It is therefore reasonable to
assume that local communities may not be fully aware of the regulating
services provided by intertidal ecosystems (Scholte et al., 2016), nor
appreciative of the contribution that coastal realignment could make to
enhance these services. A lack of awareness and knowledge about
regulating services may on the other hand explain why these services
have a fairly limited impact on the level of support for the landscape
transformation, as can be seen from our regression model outcomes. As
suggested previously (Esteves, 2014; Goeldner-Gianella, 2007), raising
awareness among the local community about the ecosystem services of
intertidal areas could be part of the strategy to facilitate the imple-
mentation and wider uptake of coastal realignment interventions.

It is particularly interesting to see how coastal realignment affects
perceptions about coastal protection and biodiversity, given that
increasing the availability of these ecosystem services is usually a key
policy argument underlying the implementation of projects (Brady and
Boda, 2017; Ledoux et al., 2005). With respect to biodiversity, our re-
sults indicate that the transformation of Hedwigepolder and Perkpolder,
from agricultural polder into intertidal ecosystem, is not associated with
a statistically significant change in ecological value. Meanwhile, the
local community nearby Rammegors considers the landscape trans-
formation to have caused a significant impoverishment of biodiversity,
which contrasts with the conception that coastal realignment contrib-
utes to ecological restoration (e.g. Esteves, 2014). In the specific case of
Rammegors, recent ecological monitoring data show a notable increase
in macrobenthic fauna, the presence of juvenile brackish-water fish and
the colonization of saltmarsh-characteristic plant species such as Sea
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aster and Salicornia (Hamer et al., 2022), suggesting that the ecological
value of Rammegors is increasing steadily since the area has been
reconnected with the Eastern Scheldt. However, the area is still in
transition from a freshwater wetland into an estuarine intertidal area
and much of the native freshwater plant and animal species are gradu-
ally disappearing. This, in turn, could explain the lack of public support
for the landscape transformation from a biodiversity standpoint, as also
shown by our regression results. Given that estuarine biodiversity is
generally appreciated by the public (Hutchison et al., 2015; McKinley
et al., 2020), it could be expected that the biodiversity value of Ram-
megors will become increasingly recognized as the area further matures
into an intertidal mudflat and saltmarsh landscape.

With respect to coastal protection, the removal or relocation of the
primary sea defence as part of the landscape transformation has been
reported in previous studies to increase the perceived risk of flooding,
especially in flood-prone areas (de la Vega-Leinert et al., 2018). This
could explain why coastal communities rate the flood protection ca-
pacity of the embanked polder to be higher than the restored intertidal
ecosystem (see e.g. Goeldner-Gianella et al., 2015). Our results seem to
be more nuanced, insofar that in two of our case study locations
(Rammegors and Hedwigepolder), we found no statistically significant
change in the perception of coastal protection induced by the landscape
transformation. In the Netherlands, the risk of flooding is generally
perceived to be low (Baan and Klijn, 2004; Terpstra, 2011), which may
be a reason why public views about a change in coastal protection
strategy are less pronounced compared to areas where flood risks are
higher. In line with this, our regression analyses identified erosion
control and flood risk protection to be factors whose impact on the level
of support for the landscape transformation is generally low, suggesting
that the possibility of flooding is not a primary concern of communities
nearby coastal realignment project areas. Noteworthy, in contrast to
Rammegors and Hedwigepolder, we found that the population nearby
Perkpolder considers the realigned landscape to offer better coastal
protection than the formerly agricultural polder. The new landscape
provides greater visibility of the flood protective capacity of Perkpolder
- most notably through the introduction of the newly established dike
and the extensive intertidal area in front of the dike — which could be
expected to increase the sense of flood safety among the public (Terp-
stra, 2011).

As already touched upon above, coastal realignment policies
particularly aim at enhancing regulating and supporting ecosystem
services, including coastal protection and biodiversity. Yet, our study
shows that local communities in the Southwest delta generally attach
limited value to these ecosystem services. Water safety is generally taken
for granted, and there is often limited recognition for the significance of
estuarine nature restoration. This implies that coastal realignment in-
terventions, which are merely beneficial from a coastal protection and
biodiversity point of view, are unlikely to raise much enthusiasm among
the local communities. Hence, to improve social outcomes, it will be
essential to design and implement interventions which - in addition to
achieving the broader objectives of coastal protection and nature
restoration — facilitate location-specific benefits that are deemed to be
more important by the nearby community.

Our study sheds light upon what aspects could provide added value
to local communities and deserve more attention in the design and
implementation of future coastal realignment interventions. Most
striking is that out of all ecosystem services considered, the perceived
gains and losses of cultural services stand out as having the highest
impact on the level of public support. In the case of Rammegors and
Hedwigepolder, the landscape transformation is associated with the loss
of cultural services such as opportunities for recreation and tourism,
landscape attractiveness, and place identity and cultural heritage. This is
in line with findings from previous studies, showing that these kinds of
cultural ecosystem services of polder landscapes are generally rated
higher than those of forelands (e.g. Chen et al., 2020). The loss of cul-
tural ecosystem services largely shapes the negative attitudes toward
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coastal realignment within the Rammegors and Hedwigepolder areas, as
shown by our regression results. A key challenge from a policy
perspective will thus be to minimize these losses in future interventions,
or better yet, look for opportunities to enhance cultural ecosystem ser-
vices through coastal realignment.

In this regard, the Perkpolder case study reported here could provide
for some relevant insights. The transformation of Perkpolder was not a
stand-alone intervention but part of a broader spatial development
initiative to give the area a boost. This was in response to the discon-
tinuation of the local ferry service in 2003, which created momentum to
redevelop and repurpose the Perkpolder area more broadly. One specific
aim of the Perkpolder redevelopment plan was to integrate nature
development while also creating opportunities for recreation and
tourism. Our results point out that the improvement of the aesthetics
and recreational quality of the area has been highly contributive to
creating support for the landscape transformation. In particular, the
newly established nature reserve has become an attractive location for
local visitors and tourists from elsewhere. The reserve has been made
accessible to the public via footpaths and cycling paths on top of the new
sea dike, allowing visitors to clearly view and appreciate the estuarine
flora and fauna within the reserve. In addition to the reserve, the
redevelopment of Perkpolder has given rise to a beach club, a tour boat
service in the summer season and an upgrade of the local beach area,
while forthcoming developments include a marina with a capacity of
350 recreational boats and about 250 (vacation) houses. These in-
vestments in the area appear to offset in the perception of the local
community the loss of the agricultural polders and polder-related
ecosystem services, leading to an overall positive attitude to the
coastal realignment intervention.

Given that our results may be used to inform coastal landscape
management and decision making, it is important to reflect on our
research methodology and explore possible limitations. First, the results
and conclusions presented here are based on three separate case studies,
each of which included a modest number of study participants (Ram-
megors n = 83, Perkpolder n = 95 and Hedwigepolder n = 83). This may
have introduced sampling bias, meaning that the samples might not
accurately reflect the target population. Nevertheless, the results ob-
tained across the three case study locations were very similar, which
suggests that the outcomes and main conclusions of our study are
generalizable to a broader population - potentially to other villages
nearby coastal realignment project locations elsewhere in the Southwest
delta. Furthermore, a comparison of demographic characteristics of the
respondents with census data of the study villages show small differ-
ences (CBS (2022), see appendix), which provides another indication
that our sample is representative of a larger population. Second, we used
a cross-sectional study design to examine perceptions about how the
availability of ecosystem services has changed (Rammegors and Perk-
polder) or will change in the future (Hedwigepolder) due to coastal
realignment. It is important to emphasize that our results reflect feelings
and perceptions of respondents in the current situation, showing, for
instance, how they associate ongoing or former coastal realignment
projects with the loss of ecosystem services. While it may be the case that
respondents have inaccurate memories about the past, changed their
opinion in the meantime or have false expectations about the future, that
does not matter to the feelings or perceptions they have at present. To
better understand perceptual changes over time, a longitudinal study is
currently underway, in which we measure and compare perceptions
about the transformation of the Hedwigepolder at different stages of the
implementation process (i.e. before, during and after the intervention).
As part of this study, we will also evaluate how perceptions of coastal
realignment are shaped by a range of other variables, including place
attachment, risk perception, social norms, and trust in authorities.

5. Conclusions

The restoration of intertidal ecosystems through coastal realignment
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has the potential to increase the availability of ecosystem services and
contribute to human well-being. An important finding of our study is
that communities living in the direct vicinity of project locations often
attach limited value to the goods and services provided by intertidal
ecosystems. Even widely accepted benefits of coastal realignment such
as coastal protection and biodiversity restoration are often poorly
recognized or appreciated. On the contrary, we found that local com-
munities generally consider the ecosystem services provided by the
realigned landscape to be less beneficial compared to the services pro-
vided by the landscape in the situation prior to its transformation. This
indicates that coastal realignment is associated with losses rather than
gains in ecosystem services, and brings to light a mismatch between how
coastal realignment is viewed from a policy maker and local community
perspective.

Our study shows at the same time how perceived gains and losses of
ecosystem services enhance or diminish public support for coastal
realignment. Of the four ecosystem services categories considered, we
found that perceptions around the availability of cultural services — in
particular around landscape attractiveness and opportunities for recre-
ation and tourism — were most important in explaining the level of
support for coastal realignment. In contrast, the gains and losses of
provisioning, regulating and supporting services were generally not of
major concern to the local community. This calls for a redefinition of the
goals and priorities of coastal realignment to come to interventions
which allow for a better balance between regulating, supporting and
cultural services. Coastal protection and biodiversity objectives will
remain central to coastal realignment, but future interventions will have
to pay more attention to implications in terms of landscape attractive-
ness and recreational quality to enhance public support and achieve
more socially acceptable and sustainable outcomes.
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