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A B S T R A C T

Coastal scientists are increasingly advocating for nature-based coastal solutions (NBCS) to ensure long-term
coastal sustainability. Implementing NBCS will change coastal landscapes, necessitating consultation with the
wider public as such changes directly affect the socio-cultural values of coastal zone residents and users. We,
therefore, investigate public willingness to support, preferences for, and perceived effectiveness of coastal
management solutions, nature-based and otherwise, focusing on the UK as a case study. We do this through an
online survey of >500 UK residents, capturing their demographics, place of residence, and coastal management
perceptions. We apply inductive coding, statistical, and geospatial techniques to analyse our survey data. While
we find consensus on the need for coastal management, there are divergent coastal management preferences and
perceptions: NBCS are most preferred while hard defences are considered most effective. We find that people
with coastal management and/or engineering experience are more convinced by NBCS effectiveness, while
coastal residents believe in hard defences. Although NBCS may have several environmental benefits (e.g., coastal
protection, carbon sequestration, greater biodiversity), we find that public knowledge on their likely effective-
ness is limited. Therefore, if NBCS is deemed to be the way forward for coastal sustainability, more local
stakeholder engagement on NBCS will be needed, potentially through systems mapping, in order to facilitate
more robust and inclusive coastal management policies.

1. Introduction

Nature-based coastal solutions (NBCS) are green initiatives and eco-
engineering schemes for reducing the risks of climate-related coastal
hazards, such as sea-level rise induced erosion and flooding (Dhyani
et al., 2020; Unguendoli et al., 2023). Such solutions encompass a
diverse range of initiatives, including living shorelines (Davis et al.,
2015), engineered reefs (Chowdhury et al., 2021), and saltmarsh,
mangrove, and dune restoration (Morris et al., 2018). NBCS have several
environmental (e.g., carbon sequestration, water quality improvements,
enhanced biodiversity, and habitat structures), economic (e.g., cost
effectiveness and tourism), and socio-cultural (e.g., community resil-
ience, livelihood support for coastal-dependent households, mental
well-being, and coastal heritage preservation) benefits (Morris et al.,
2018; Baustian et al., 2020; Dhyani et al., 2020; Dal Barco et al., 2024).
As a result, the coastal science community (CSC) are increasingly
advocating for NBCS to ensure the long-term sustainability of coastal
environments (Morris et al., 2018; Forrester et al., 2024; Yasmeen et al.,
2024). Historically, indigenous coastal communities relied on NBCS for

protection against coastal hazards (Reed et al., 2022; Goreau, 2024).
This reliance marks the early beginnings of the use of NBCS for coastal
management. In the contemporary period, these solutions started gain-
ing prevalence among the CSC in the early 21st century, coinciding with
the increase in global pressures to address climate change by adopting
greener initiatives in all spheres of human actions (Mackinnon et al.,
2008; Seddon et al., 2020; Bianciardi et al., 2023). What is concerning,
however, is that the longevity of NBCS over meso timescales (101–102

years) – timescales of interest to coastal managers and policymakers
(French et al., 2016; Van Maanen et al., 2016; Reeve et al., 2019; Payo
et al., 2020; Seenath and Dale, 2024) – is uncertain due to a lack of: (a)
evidence-based studies and; (b) available data to fully understand how
coastal systems would respond to these solutions over such long time-
scales (Morris et al., 2018; Seddon et al., 2020; Bueno-Pardo et al., 2024;
Saunders et al., 2024). Nonetheless, the growing consensus among the
CSC on NBCS being the way forward for sustainable coastal management
need public support, as the adoption of such solutions (and any other
form of coastal management) will affect the socio-cultural values of
coastal communities and coastal zone users (Anderson et al., 2021;
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Barra, 2024; Dario et al., 2024b).
In the UK, four types of coastal management approaches are imple-

mented (Apine and Stojanovic, 2024):

(a) Hold-the-line approaches, such as seawalls, which are designed to
maintain the shoreline position (preventing the shoreline from
moving).

(b) No active intervention, to encourage a more natural coastline,
usually adopted in areas perceived to be of low social or economic
value.

(c) Managed realignment, where the shoreline is allowed to retreat in
a controlled way to facilitate the creation of intertidal habitats
that will act as the primary line of defence (Dale et al., 2018). In
this approach, communities are relocated further inland, to
facilitate the expansion of tidal habitats. Essentially, with
managed realignment, there are multiple lines of defence – the
shoreline, the intertidal habitats, and the use of hard defences
landward of the new intertidal zone.

(d) Advance-the-line approaches, where hard defences are imple-
mented further out in the sea, to enable the shoreline to move
seaward (accrete to facilitate beach width expansion).

Each of these have their own strengths and limitations. For instance,
while hold-the-line and advance-the-line approaches are effective for
stabilising the shoreline at the local scale (within their immediate vi-
cinity), these approaches essentially ‘shift’ the problem elsewhere
through wave reflection, refraction and diffraction, amplifying erosion
and habitat destruction elsewhere along the coast (Anfuso et al., 2011;
Rangel-Buitrago et al., 2018). Additionally, they are costly, require
frequent maintenance, and are, therefore, unsustainable and not (al-
ways) financially practical. Managed realignment, although effective in
reducing flood risk and improving biodiversity, essentially relinquishes
land to the sea (Schuerch et al., 2022) and requires the strategic relo-
cation (displacement) of some people (Ajibade et al., 2022). No active
intervention, while cost effective and allows the natural reworking of
the coast (and creation of new landscapes) with new opportunities, also
relinquishes land to the sea, often leading to lost economic opportu-
nities. All of these approaches have the potential to alter the
socio-cultural values (sense of belonging, heritage, identity) of coastal
residents and coastal zone users (Döring and Ratter, 2017; Walsh and
Döring, 2018). However, in the UK context, these approaches are
engrained in cultural coastal management practices and heritage pres-
ervation (French, 2004; Apine and Stojanovic, 2024). As these ap-
proaches are known by the British public (Palmer et al., 1996), adopting
an alternative form of management – NBCS – may be seen to compro-
mise the protection of the ‘known’ coastal landscape, and this has po-
tential implications for the socio-cultural values attached to the coast
(Rendon et al., 2022).

Coastal environments hold significant socio-cultural values for both
residents and users, including:

(a) cultural and family heritage (e.g., historical significance dating
back to indigenous practices, fishing traditions, familial connec-
tions) (Khakzad et al., 2015).

(b) social cohesion in terms of community building (coastal zones are
social hotspots) and intergenerational connections (coastal tra-
ditions being passed down through generations creating a sense
of belonging) (Acott et al., 2022; Kjørholt et al., 2022).

(c) identity – coasts form an integral aspect of coastal residents’
identity, and coastal symbols (e.g., light houses) often represent
local coastal communities way of life (Magnani and Pistocchi,
2017).

(d) recreational importance – coastal tourism forms the economic
backbone of many small island developing states, and coastal
zones are popular destinations for unwinding and improving

mental well-being (Forbes et al., 2013; Ghermandi, 2015; Acott
et al., 2022).

(e) environmental awareness – coastal residents often develop a strong
sense of environmental stewardship for protecting their homes
and livelihoods from coastal hazards, and so too do end users that
rely on the coast for recreation and work (Turnbull et al., 2020;
Mcleod et al., 2024).

(f) aesthetics and inspiration – the beauty of the coast has historically
been the source of inspiration for artists (e.g., Joseph Mallord
William Turner), writers (e.g., Herman Melville), and musicians
(e.g., Claude Debussy).

The overarching importance and value of the coast for residents and
users inevitably mean that there is a strong societal desire to protect
coastal landscapes globally (Arkema et al., 2017). Local societies may,
hence, be wary of supporting coastal management strategies that are
lesser known in terms of their effectiveness and, instead, may be willing
to support strategies that are ‘known’ to work. Therefore, the growing
call for NBCS by the CSC coupled with the limited implementation of
these solutions on a global scale (Morris et al., 2018; Moraes et al., 2022)
may mean that societal knowledge and acceptance of these solutions are
limited (Josephs and Humphries, 2018; Rahman et al., 2023). Thus, we
need to understand how people perceive NBCS relative to more tradi-
tional types of coastal management as public support is key for the
successful implementation of any form of environmental management.
Indeed, disregarding societal perceptions of NBCS (and other forms of
new and alternative coastal management solutions) may be ‘myopic’,
particularly as local societies (including coastal residents and coastal
zone users) are often key coastal stakeholders, with adverse implications
for the successful mitigation of coastal hazards and risks (Areia et al.,
2023).

Recent studies have attempted to gauge support and preference for
NBCS over hard defences through a range of empirical approaches.
These include willingness-to-pay and discrete choice experiment surveys
of coastal zone residents (e.g., Hagedoorn et al., 2021; Rendon et al.,
2022; Dario et al., 2024b), Likert-based surveys of coastal management
preferences and follow-up focus group discussions with a small number
of people residing in areas at risk of hydrometeorological hazards (e.g.,
Anderson et al., 2022), interviews with a small number of various
user-groups in coastal erosion zones (e.g., Josephs and Humphries,
2018), and interviews with coastal management practitioners and ma-
rine contractors (e.g., Dario et al., 2024a). While these studies provide
critical insights on the support and preferences for NBCS from niche
audiences and from a financial, governance, community, and broad
environmental benefit lens, their survey instruments do not capture
wider societal perceptions and broader willingness to support NBCS
relative to alternative coastal management options. For example, they
do not explicitly ask their participants to explain the reasons behind
their coastal management preferences. Nor do they allow participants
the opportunity to consider the various coastal management options
without prompts (e.g., by not attributing a cost to fund a specific
scheme). In this regard, a gap still exists regarding understandings of
public perceptions and preferences for NBCS relative to alternative
forms of coastal management.

Given the preceding context, we aim to understand public percep-
tions of NBCS and more common forms of coastal management, with
specific focus on the UK. We do this through an interdisciplinary
approach, involving an online survey of >500 UK residents on their
coastal management preferences and perceptions, statistical modelling,
thematic analysis through inductive coding, and geospatial analysis. Our
survey shares thematic similarities with those from related studies
aforementioned in its focus on public perceptions and NBCS. However,
our survey is distinct in its use of UK-specific coastal management
preferences, its integration of inductive coding, and the use of spatial
analysis linking geography to coastal management preferences. Our
findings will, thus, have important policy implications for improving
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stakeholder engagement in coastal management decision-making to-
wards informing more inclusive and robust coastal management pol-
icies. The following sections outline our primary data collection and
methods (Section 2), results and analysis (Section 3), discussion and
wider implications (Section 4), and key conclusions (Section 5).

2. Data and methods

2.1. Primary data collection

We develop and disseminate a mixed open and closed-ended survey,
to investigate public perceptions and perceived effectiveness of NBCS
and the four common coastal management approaches in the UK in
relation to flood risk mitigation. Our survey targets UK adult residents,
regardless of nationality. We ask all participants to specify their age,
highest level of educational attainment, and approximate monthly
household income. We then ask them to specify the first part of their UK
postcode (control question) in order to determine their eligibility for our
survey. Next, we ask all participants to assume that they are living in an
area with high coastal flood risk and, based on this assumption, specify
their willingness to support the following five coastal management
strategies using a standard Likert scale (very unwilling, unwilling,
neutral, willing, very willing):

(a) Authorities install hard defences (e.g., groynes). To fund this,
households will be required to pay higher council taxes.

(b) Authorities do nothing. Homeowners and renters invest in flood
insurance for their property.

(c) Authorities, homeowners, and renters do nothing.
(d) Authorities move people away from flood risk areas following

consultation with the public. Homeowners will be compensated
for the loss of their land.

(e) Authorities introduce nature-based solutions (e.g., sand nour-
ishment and salt marshes). To fund this, households will be
required to pay higher council taxes.

Option (a) represents the hold-the-line and advance-the-line ap-
proaches that are commonly used for coastal management in the UK.
Options (b) and (c) are variants of the do-nothing approach adopted in
the UK for managing coastal zones of low social or economic value.
Option (d) is partially equivalent to the managed realignment approach
that has recently been implemented in the UK. Option (e) is NBCS, which
are increasingly pushed as the way forward for coastal management
globally. In our survey, we include a photo of groynes in Norfolk – the
most common hard defence used for coastal management in the UK –
and a photo of the Norfolk sandscaping scheme – a classic form of NBCS
used in the UK. Both photos are accompanied by a link, which provide
additional details of hard defences and NBCS in the UK. Additionally, we
include saltmarshes as an example of NBCS in the wording of our coastal
management questions, as these are a common form of such solutions in
the UK. We provide this additional information, as we recognise that the
lay person may not be familiar with standard coastal management ter-
minologies. We acknowledge that there are other forms of NBCS, as
outlined in Section 1, and we recognise that using a photo of a groyne
and a sandscaping scheme to contextualise hard defences and NBCS,
respectively, might skew the focus of participant responses towards
groynes and sandscaping schemes rather than to hard defences and
NBCS more broadly. However, we feel that it is more beneficial to use
examples of both approaches that are familiar to the lay person in the UK
– our study site. To minimise the potential implication of skewed re-
sponses towards groynes and sandscaping schemes, we pilot our survey
to gauge whether participants interpret our questions in terms of hard
defences and NBCS more broadly, as per the details further outlined
below.

Additionally, we ask participants to consider the five coastal man-
agement options above for mitigating coastal flood risk and specify their

most preferred and least preferred options. We also ask them to identify
what they perceive to be the most effective option in the context of
coastal flood risk mitigation, and to provide the reasons behind all of
their selections (most preferred, least preferred, and most effective). Our
two final survey questions ask all participants to declare whether they
(a) currently, previously or never lived at the coast, and (b) have any
coastal management and/or engineering experience. All of our survey
questions, excluding the qualitative (open-ended) questions requiring
participants to specify reasons for their selections of most preferred,
least preferred, and perceived most effective coastal management
strategy, are compulsory. However, despite not being compulsory,
~98% of our survey participants have completed the full survey,
including the optional qualitative (open-ended) questions.

We first pilot our survey to ensure that our questions are clear and
that associated responses enable us to address our research aim. We
particularly use the pilot survey to gauge whether UK residents under-
stand our questions in the context of coastal flood risk mitigation. The
qualitative responses to our open-ended questions in the pilot survey
confirm good understanding of the questions. For example, reasons
quoted for “most preferred”, “least preferred” and perceived “most
effective” coastal management approaches to flood risk mitigation in
our pilot study included issues of urgency and timescale (e.g., “hard
defenses can be useful quickly and in a short time-scale”), efficacy (e.g.,
“Groynes have more historical data that they will work, not sure I have
read anything about the effectiveness of the naturalistic method”),
economic implications (e.g., “It is a nature-based solution which will
have the least impact on tourism”), uncertainty (e.g., “Groynes do work
but are ineffective against flooding. Salt marshes would be needed as
well as development of flood plains for coastal inundation”), aesthetics
(e.g., “nature-based solution is easier on the eyes, less ugly”), and wider
environmental benefits (e.g., “[NBCS] Restores biodiversity and helps
defend the people against the sea.”). All of these emerging themes in our
pilot study responses demonstrate good general understanding of coastal
management challenges and benefits. Such themes also emerge in our
main study responses, which we discuss further in our results section.
Thus, our pilot study responses provide ample evidence that our survey
design is clear for the intended purpose of understanding public per-
ceptions of NBCS andmore common forms of coastal management in the
UK. We, therefore, include the pilot survey data in our final survey
dataset, which underpin this study. Altogether, our pilot study includes
responses from 13 individuals recruited via our wider networks in the
UK (age= 32 to 54, gender= seven females and five males, education=

secondary to tertiary, six homeowners and seven renters). We also ask
our pilot survey participants to provide feedback on our survey design,
all of whom acknowledge that our survey is clear for its intended pur-
pose. A copy of our survey dataset (including qualitative responses) is
available in our supplementary materials.

Following our pilot study, we disseminate our survey to the UK
public online via survey-hosting platforms (commercial and non-
commercial), social media, and mailing lists. We obtain 572 responses
from 01-MAY-2023 to 31-JULY-2023, including 299 from Prolific (https:
//www.prolific.com/), 160 from SurveyCircle (https://www.
surveycircle.com/en/), 20 from SurveySwap (https://surveyswap.io/),
and 93 from other sources (social media and mailing lists). The Prolific
survey platform has over 500,000 registered participants from the UK.
Based on our available funding, we pay to recruit 300 participants from
the UK in Prolific, but receive 299 responses as 1 response has been
submitted prematurely. Unlike Prolific, SurveyCircle and SurveySwap
are non-commercial survey platforms, meaning that participants in
these platforms receive non-monetary compensation. Instead, these
participants receive credit points based on their survey participation
rates, which they can use to recruit participants for their own surveys. As
SurveyCircle and SurveySwap are typically used for academic and
market research, these platforms attract participants from various pro-
fessional backgrounds. In both of these platforms, we simply list our
survey for the period mentioned above, allowing eligible participants to
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complete the survey of their own volition. To maximise the reach of our
survey and ensure we are reaching a diverse population (e.g., non-
professionals etc.), we share our survey link to UK community group
pages on Facebook as well as to our wider networks via WhatsApp,
Twitter, LinkedIn, Instagram, and email. Altogether, this ensures that
our survey captures a good range of demographics across the wider UK
public, evident from our survey data in our supplementary materials.

A challenge with any public survey, such as ours, is obtaining re-
sponses from demographics that directly align with the demographic
breakdown of the wider population. While reweighting survey responses
based on general population demographics is a common approach to
address bias, we deliberately choose not to do this in our study.
Reweighting can potentially amplify specific factors that might dispro-
portionately influence perceptions of coastal management, especially
when certain demographic groups are underrepresented in the survey
sample. Instead, we analyse the influence of demographic subgroups (e.
g., age, income, education) within the sample to understand their impact
on coastal management perceptions, as outlined in Section 2.3. Doing so
avoids over-adjusting the data while still enabling us to explore
subgroup-specific trends.

We send no survey reminders via Prolific, SurveyCircle and Sur-
veySwap, as this cannot be facilitated in these platforms. We do, how-
ever, re-share our survey link in the various social media platforms
periodically, but responses received through these channels account for
only a small percentage of our survey sample (16%). In this regard, the
majority of our participants have been compensated for their time,
which we believe reduced non-response bias and the likelihood of dif-
ferential response patterns based on motivation or engagement that
normally occurs in response to survey reminders.

Following data inspection for impaired and ineligible responses (e.g.,
not satisfying the survey eligibility criteria, such as an invalid UK
postcode or not over the age of 17), we end up with 531 useable re-
sponses for this study. Our supplementary materials include a copy of
the survey –which we develop using JISC Online Surveys (https://www.
onlinesurveys.ac.uk/) – and our final dataset.

2.2. Quantitative data analysis

We use descriptive statistics to get an overview of public preferences
and perceptions of the five coastal management strategies presented.
Specifically, we tabulate and compare the count and percent of re-
spondents very unwilling, unwilling, neither unwilling nor willing
(neutral), willing, and very willing to support each coastal management
strategy presented. We do the same for the data collected on least
preferred, most preferred, and perceived most effective coastal man-
agement strategy.

To establish a relationship between participants’ willingness to
support alternative coastal management strategies, we use Pearson’s
product moment and Spearman’s rank correlation measures. The latter
is a non-parametric version of the former and they are commonly re-
ported together for robustness complementarity (see, e.g., Mahadeo
et al., 2019). Correlation analysis permits us to investigate the strength
and direction of the relationship between respondents’ willingness to
support alternative coastal management strategies. If a given manage-
ment strategy is positively (negatively) correlated with another, it im-
plies that respondents have similar (diverging) views on those pair of
strategies. Insights from these correlation coefficients allow us to gauge
how respondents might perceive coastal management solutions both
between and within more active (e.g., NBCS; hard defences) and passive
(e.g., do-nothing) interventions.

To understand whether respondents’ attributes influence their
coastal management preferences and perceptions, we consider their age,
education, income, coastal residency (currently/previously/never a
coastal resident), and coastal management and/or engineering experi-
ence. As younger generations are reported to be more sensitive to nature
and sustainability issues (see, e.g., Giachino et al., 2021), we define

discrete categories for age using a k-means clustering algorithm based
on Euclidean distance, which sorts respondents into relatively younger
(18–39 years) and older (≥40 years) adults. We determine subgroups for
income (low, middle, high) and highest level of education attainment
(undergraduate, postgraduate, other) based on our data distribution, to
observe if perspectives change under discrete categories. Just over 30%
of our respondents’ monthly household income are <£2000; just under
50% are between £2000 and £4000; and the remaining 20% >£4000.
About 40% of our sample have undergraduate education, another 40%
have postgraduate education, and the remaining 20% have either sec-
ondary or further education (e.g., trade and college courses). We also
consider whether the perspectives of a subgroup with coastal manage-
ment and/or engineering experience align with those of the remaining
participant pool. We also subgroup by coastal residency (currently,
previously, never lived by the coast), as we recognise that the coastal
management perspectives of coastal residents are likely to be different
based on their coastal life experiences. For example, non-coastal resi-
dents may romanticise the quintessential idea of living by the coast,
which has been commercially glamourised by advertising in the tourism
and real estate sectors (see, e.g., Gillon and Gibbs, 2017), relative to
coastal residents who may be faced with the realisation of coastal in-
surance. Comparisons between such subgroupings enable a more
nuanced understanding of coastal management awareness among the
different facets of the public, which can have important implications for
coastal management decision-making policies. For each subgroup of
respondents’ attributes, we tabulate the total number and percentages of
respondents selecting each coastal management strategy as their least
preferred, most preferred, and perceived most effective option. We
compare subgroup percentages data against the overall participant pool
percentages data on coastal management preferences and perceptions,
to evaluate whether specific individual attributes influence these pref-
erences and perceptions.

2.3. Qualitative data analysis

We use thematic analysis to analyse our qualitative survey responses
in order to identify the reasons for our survey respondents’ most
preferred, least preferred, and perceived most effective coastal man-
agement option. Our thematic analysis here involves several phases in
the re-contextualisation and de-contextualisation of the data to reduce
the subjectivity associated with this form of analysis (Starks and Trini-
dad, 2007; Nowell et al., 2017). Specifically, we use inductive coding to
develop a conceptual discussion around respondents’ insights and views
on their coastal management preferences and perceived effectiveness,
rather than creating codes based on pre-agreed philosophical angles.
This allows us to prioritise respondents’ coastal management prefer-
ences and perceptions, placing them at the centre of this discussion
through a humanistic lens.

Our thematic analysis using inductive coding involves a series of
phased stages, similar to those used by Braun and Clarke (2006) and
Naeem et al. (2023). We first extract all qualitative survey responses and
organise these into three spreadsheets, one each for the most preferred,
least preferred, and perceived most effective coastal management
strategy. We next comb through the data to identify emerging trends in
order to establish preliminary codes based on the prevalence of phrases
and words within our qualitative data. Here, the detail and emotions
conveyed in this data shaped our overall code development. After
establishing preliminary codes, we re-examine the data, rewording and
reducing some of the preliminary codes to match standard terminology
in related literature. We subsequently allocate responses to each code
and quantify the number of responses per established codes, to under-
stand the reasons behind respondents’ coastal management preferences
and perceptions. We complement our analysis here with a word cloud
generator to visualise the frequency of responses for each most
preferred, least preferred, and perceived most effective coastal man-
agement strategy, in order to obtain a visual overview of our
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respondents’ outlook on the strategies considered.

2.4. Geospatial analysis

To investigate whether place of residence and distance from the sea
influence coastal management preferences and perceptions, we use
ArcGIS Pro to map the most preferred and perceived most effective
strategy by postcode in the UK. This enables us to see the spatial dis-
tribution in coastal management preferences and perceptions across the
UK, in order to complement our quantitative analysis on coastal resi-
dency relative to such preferences and perceptions. Moreover, consid-
ering the spatial distribution in coastal management preferences and
perceptions allows us to identify regional variations in these opinions.
Such information has implications for improving coastal management
policies in areas deemed to be most at risk of coastal hazards by indi-
cating where more effective stakeholder engagements (e.g., communi-
cations between the CSC and local communities; education campaigns)
are needed. More importantly, in the context of coastal management,
understanding spatial perceptions of various intervention strategies can
potentially reveal if certain coastal areas are more disproportionately
affected by negative perceptions. Such an understanding has implica-
tions for ensuring all local coastal communities are engaged in coastal
management decisions, to enable more inclusive, robust, and equitable
coastal management policies.

3. Results and analysis

3.1. Perceptions of coastal management strategies

We first breakdown respondents’ willingness to support each coastal
management strategy presented, along with their level of preference and
perceived effectiveness in Table 1.

We find most respondents are keen to support NBCS – 46.7 %
(willing) and 36.53% (very willing) – with only a minority unwilling to
support this form of coastal management (<9%). We find a consistent
willingness to support (>75%) hard defences for coastal management,
with only a minority (<10%) unwilling to support this form of man-
agement. Interestingly, both NBCS and hard defences are associated

with higher council taxes, but this did not deter most respondents’
willingness to support either of these strategies. Such findings imply that
the public places a high value on effective coastal management, perhaps
due to recognising that the benefits of these initiatives (hazard risk
reduction) outweigh the financial burden of increased taxes, consistent
with the findings of Kelly and Molina (2023). Kelly and Molina (2023),
for example, show that property buyers are aware of the cost of flooding
and the need to invest in suitable adaptation, even at the expense of
higher property values. There may also be an underlying urgency
regarding the need to respond to the threat of coastal hazards by
investing in sound coastal management, hence the overall support for
these initiatives (Jones et al., 2015).

Our reflexive arguments above are supported by the fact that the
majority of our respondents are not keen to support a do-nothing
approach. Specifically, we find that ~85% of respondents are unwill-
ing to support the approach where authorities, homeowners, and renters
do nothing. Such an approach is often based on the principle of ‘let nature
take its course’ and is usually adopted in coastal environments perceived
to be of low social or economic value. Respondents’ clear unwillingness
to support this approach, further suggests that there is a strong public
value placed on coastal environments. This is again evident from most
respondents (~65%) also unwilling to support a coastal management
initiative where authorities do nothing, but homeowners/renters invest
in flood insurance. Taken together, most respondents are unwilling to
invest in flood insurance where authorities do nothing but are in-fact
willing to accept higher council taxes when authorities implement
NBCS or hard defences. Public support for coastal management schemes,
therefore, appear contingent on authorities willing to invest in coastal
management, which might be related to issues of trust (in public in-
stitutions) and responsibility (where financing of coastal management is
viewed as a national responsibility, and not just for those who may be
directly affected by coastal hazards) (Jones et al., 2015). Also, the hes-
itancy to support flood insurance versus willingness to support higher
taxes for NBCS and hard defences, may be dependent on perceived
effectiveness of these strategies. For instance, community-wide solu-
tions, such as NBCS and hard defences, may be seen as more effective
(and proactive) and equitable (in terms of financial burden) than indi-
vidual actions, such as investing in flood insurance. In fact, we find that

Table 1
Public perceptions of coastal management strategies. Notes: values in cells represent the number out of the 531 survey participants recorded
for that item and the accompanying values in parentheses represent the corresponding percentages. The shaded box in each column cor-
responds to the most selected coastal management strategy under that column’s category. We use a red (unwilling) to green (willing) colour
grading palette to distinguish between the Likert categories under “Willingness to support” and adopt a red and green colour scheme to
distinguish between least (red) and most (green) preferred coastal management strategy. Grey = neither willing nor unwilling to support a
coastal management strategy. Blue = perceived most effective strategy.
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hard defences (~44%) and NBCS (~40%) are strong contenders for the
most perceived effective strategy, with a do-nothing approach (~87%)
being perceived as least effective by most respondents.

Although most respondents perceive hard defences to be most
effective, ~60% of respondents most prefer NBCS. This finding repre-
sents a nuanced viewpoint among our respondents, consistent with the
findings of Anderson et al. (2021). Hard defences, for example, are the
most common form of coastal management in the UK. This, therefore,
means that most respondents would likely have a better understanding
of how these defences work. NBCS are, however, a fairly new concept
with little application in the UK, which likely diminishes the awareness
of its effectiveness among the wider public. That said, NBCS may be
perceived to be synonymous with a higher environmental aesthetic
value, which may be skewing responses towards it being the most
preferred option.

In subsequent sub-sections, we look more closely into the underlying
quantitative and qualitative trends in our survey data to better explain
our results discussed here.

3.1.1. Quantitative trends
The correlation matrix in Table 2 shows a relatively strong positive

relationship between willingness to support hard defences and NBCS as
coastal management strategies via higher council taxes, evident from
Pearson and Spearman correlation coefficients of 0.34 and 0.36,
respectively. This indicates that respondents who support one active
strategy tend to support the other, and those who are unlikely to support
one active strategy is unlikely to support the other. There is also a strong
positive relationship between willingness to support passive strategies
(do nothing approaches), implying that participants (un)supportive of
one passive strategy are (un)likely to support the other, evident from
Pearson and Spearman correlation coefficients of 0.38 and 0.40,
respectively. Based on the relatively strongest negative relationships
between willingness to support alternative coastal management strate-
gies, we find that those partial to a form of management intervention,
such as NBCS, are unwilling to support a do-nothing approach (au-
thorities, homeowners, and renters do nothing), and vice-versa. This
finding is supported by correlation coefficients of: (a) − 0.25 (Pearson)
and − 0.28 (Spearman) between NBCS and the do-nothing approach, and
(b) − 0.27 (Pearson) and − 0.32 (Spearman) between hard defences and
the do-nothing approach.

3.1.2. Qualitative trends
Earlier, we show that 60% (318) of our respondents most prefer

NBCS. Of these, ~40% (127) most prefer this option from an environ-
mentally conscious lens (Table 3; Fig. 1), likening NBCS to being envi-
ronmentally beneficial with minimal negative impact for biodiversity. A
further 24% (77) of those that most prefer NBCS perceive these solutions
as being an effective and sustainable approach for managing coastal
hazards and risks, with an additional 11% (36) most preferring this
option primarily for its aesthetic value. Interestingly, 48% (63) of those
who most prefer hard defences perceive such defences as being effective
and sustainable for managing coastal hazards and risks (Table 3; Fig. 1).
These findings collectively suggest that 36% of our respondents most
preferred choice of coastal management is based on perceived effective-
ness and sustainability of the intervention strategy. This is also evident from
‘effectiveness and sustainability’ being the key deciding factors for most
respondents (~44%) considering hard defences to be most effective.

Effectiveness and sustainability (longevity) are also the primary
deciding factors for the majority of those who perceive NBCS to be most
effective. However, what is noteworthy here is that the main reason for
most people selecting NBCS (environmental consciousness) and hard
defences (effectiveness and sustainability) as their most preferred
coastal management strategy is fundamentally different. Specifically, we
see clear distinctions in overall perceptions of effectiveness, with NBCS
generally not perceived as effective compared to hard defences (Table 3;
Fig. 1). Collectively, these findings suggest that most people are keen to
support coastal management strategies that are (likely known to be)
effective and sustainable, which is also evident from most respondents
(~55%) least preferring a do-nothing approach, viewing such ap-
proaches as ineffective and unsustainable (Table 3; Fig. 1), consistent
with Anderson et al. (2021). These findings point to considerable
divergence in viewpoints between local residents (Table 3; Fig. 1) and
the CSC on the effectiveness of NBCS (Section 1).

3.2. Determinants of coastal management perceptions

3.2.1. Demographic trends
Our demographic analysis reveals that income, coastal residency,

and coastal management and/or engineering experience appear to in-
fluence overall coastal management preferences and perceptions, with
education and age having a marginal influence (Table 4). Consequently,
we focus on trends in coastal perspectives relative to income, coastal
residency, and coastal management and/or engineering experience.

Income: relatively lower income subgroups have a higher propensity
than other income subgroups to: (a) least prefer hard defences funded by
higher council taxes; (b) most prefer authorities do nothing and

Table 2
Parametric and non-parametric correlation coefficients between willingness to support alternative coastal flood management strategies.
Notes: correlation coefficients in the upper diagonal triangle are the parametric estimates from the linear Pearson’s product moment method
and correlation coefficients in the lower diagonal triangle are the non-parametric estimates from the Spearman’s rank method. Darker
(lighter) shades of green/red indicate relatively stronger (weaker) positive/negative relationships. The correlation coefficients are based on
the level of willingness to support the various coastal management strategies, from a sample of 531 survey participants. For both correlation
approaches, correlations values are bounded between − 1 (a perfect negative relationship) and+1 (a perfect positive relationship) and values
that tend towards 0 in either direction implies a weakening correlation, where 0 would indicate no correlation.
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homeowners/renters invest in flood insurance (i.e., control over their
spending); (c) most prefer the relocation of residents away from flood
risk zones with homeowners compensated for land loss, and; (d)
perceive a do-nothing approach where authorities do nothing and
homeowners/renters invest in flood insurance to be most effective
(Table 4). A commonality in these findings is that lower income

subgroups (understandably) have a stronger preference for coastal
management approaches that are associated with minimal financial
burdens, preferring the option of choosing to invest in an intervention
strategy rather than being required to invest in strategies by authorities,
similar to the findings of Dario et al. (2024b). This signals a desire for
more autonomy in decision-making based on personal finances.

Table 3
Primary reasons behind the selection of most preferred, least preferred, and most effective coastal management strategy. Option 1
=Hard defences funded via higher council taxes.Option 2=Authorities do nothing; Homeowners/renters invest in flood insurance.
Option 3 = Authorities, homeowners, and renters do nothing. Option 4 = Relocate residents away from flood risk zones; home-
owners compensated for land loss. Option 5 = Nature-based solutions funded via higher council taxes.
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Conversely, relatively higher income subgroups perceive hard defences
funded by higher council taxes to be most effective for coastal man-
agement (Table 4). This finding indicates a larger appetite among higher
income groups to invest in coastal management, likely because of less
financial constraints relative to lower income groups, consistent with
Liu and Wirtz (2010) findings.

Coastal residency: current coastal residents have a higher (lower)
tendency than previous and non-coastal residents to most prefer hard
defences (NBCS) (Table 4). Interestingly, previous coastal residents have
a higher tendency than current and non-coastal residents to least prefer
NBCS and a relocation option where homeowners are compensated for
land loss (Table 4). These findings suggest that coastal residents (past
and current) have a stronger preference for active coastal management
schemes that have historically been used – hard defences – likely
because of greater awareness of their effectiveness (Anderson et al.,
2021). However, previous coastal residents have a lower tendency than
current and non-coastal residents to least prefer a do-nothing approach
(with no flood insurance investment). While this finding is complex to
unpack, it seems to be related to previous coastal residents having more
distributed responses across the five coastal management options pre-
sented under the least preferred management category relative to cur-
rent and non-coastal residents. Such a finding may also be due to these
residents (now inland residents) unwilling to pay (through taxes) for
coastal management approaches that have a more tangible benefit for
coastal residents than for them. This point on NIMBYism (Not In My
Backyard-ism) may also be related to the purpose of these residents
having to leave their coastal homes – which may have been to reduce

their own taxes and, therefore, not wanting to pay for other people to
have the life they once had. Our dataset, however, does not allow for
definitive explanations here.

Coastal management and/or engineering experience: those with coastal
management and/or engineering experience have a higher propensity
than all other respondents to: (a) least prefer authorities do nothing, but
homeowners invest in flood insurance; (b) most prefer authorities,
homeowners, and renters do nothing, and; (c) perceive do-nothing ap-
proaches (with and without flood insurance investment) and NBCS to be
most effective for coastal management (Table 4). Here, an important
point to note is that only a tiny proportion (<4%) of the participant pool
selected do-nothing approaches as their most preferred and most
effective options. Conversely, those with coastal management and/or
engineering experience have a lower tendency to perceive hard defences
as the most effective approach for coastal management (Table 4).
Overall, these results indicate that those with coastal management and/
or engineering experience have a stronger preference for and belief in
NBCS, consistent with the wider CSC in related literature.

Other demographics: a higher proportion of relatively younger (older)
participants perceive hard defences (NBCS) to be most effective for
coastal management (Table 4). This finding contradicts related litera-
ture where the opposite is documented (see, e.g., Giachino et al., 2021).
However, it may suggest that younger people are more cautious (risk
averse) in their long-term decision-making process – perhaps because of
the current financial risks and greater challenges with accessing the
property ladder – potentially favouring management approaches with a
longer track record of visible success. These assertions align with Strain

Fig. 1. Word cloud of most frequent cited reasons behind participants selection of their least preferred, most preferred and perceived most effective coastal man-
agement strategy. 1 = Hard defences funded via higher council taxes. 2 = Authorities do nothing; Homeowners/renters invest in flood insurance. 3 = Authorities,
homeowners, and renters do nothing. 4 = Relocate residents away from flood risk zones; homeowners compensated for land loss. 5 = Nature-based solutions funded
via higher council taxes.
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et al. (2022) findings that older people are less likely to believe in and
worry about climate change impacts relative to younger people. We also
see that those with postgraduate education have a higher tendency to
perceive a managed realignment type approach – relocation of people
and compensation of land loss – to be most effective for coastal man-
agement. There is no clear theory to explain this finding, but it is an
interesting avenue for further research into public decision-making
processes.

3.2.2. Geospatial trends
Here, we focus explicitly on the geospatial trends on perceptions and

perceived effectiveness of NBCS and hard defences, as these are the two
most popular coastal management strategies among our respondents.

We do not find any explicit regional trends in preferences and per-
ceptions of NBCS and hard defences, apart from the latter being
evidently perceived to be most effective and the former most preferred
by most respondents (Fig. 2). However, Fig. 2 shows that a wider spatial
distribution of UK residents (not quantity), grouped by postcode, most
prefer NBCS and consider such solutions to be most effective for coastal
management. Yet, interestingly, we see that hard defences are perceived
to be more effective than NBCS in postcodes along the UK’s east and
south coasts. This finding is plausibly linked to an over-heightened
hazard risk perception (in the context of sea-level rise and coastal
flooding), likely attributed to coastal residency or proximity, with hard
defences viewed as a more proactive solution to such risks (Anderson
et al., 2022). For both hard defences and NBCS, we see greater con-
centrations of people in landlocked postcode areas within the UK
preferring these solutions and perceiving them to be most effective. We
are mindful, however, that this observation might be indicative of an
imbalanced spatially distributed sample across the UK.

3.3. Overarching finding

Collectively, a consistent finding across all our analyses is a
discrepancy between public preferences and perceived effectiveness of
NBCS and hard defences. As most people perceive hard defences to be
most effective, a knowledge gap exists in public understanding of the

likely effectiveness of NBCS despite the CSC considerable efforts to push
such solutions for long-term coastal sustainability. This is indicative of a
knowledge dissemination barrier between the CSC and local commu-
nities. Such a barrier may have adverse implications for effective coastal
management policy-making (Palmer et al., 1996; Anderson et al., 2021).

4. Discussion

We find most people prefer NBCS but perceive hard defences to be
more effective for coastal management (Table 1). The general public
preference for NBCS reflects an overarching desire for sustainable and
environmentally-friendly approaches for coastal management (Table 3).
However, the perception that hard defences are most effective can be
linked to five theoretical factors:

1. Visible protection (awareness) (Anderson et al., 2021, 2022). Relative
to any other form of coastal management, hard defences have a clear
visible and tangible impact on coastal flood and erosion risk reduc-
tion. Although these defences have knock-on effects by shifting the
problem elsewhere through wave refraction, reflection and diffrac-
tion, they are successful in mitigating risks at the local scale within
their immediate vicinity (Rangel-Buitrago et al., 2018). As a result,
although hard defences are generally associated with lower aesthetic
environmental values (Table 3; Blakemore et al., 2008), their
implementation and visible effectiveness in mitigating coastal risks
can comfort and reassure people concerned about coastal hazards
(Bongarts Lebbe et al., 2021). For this reason, hard defences continue
to be implemented for managing coastal hazards and risks by local
coastal communities globally, particularly in small island states
(Arnall, 2022).

2. Historic use. Globally, hard defences have been the most common
strategy used over multi-decadal timescales for mitigating coastal
risks (Palmer et al., 1996; Rangel-Buitrago et al., 2018; Arnall, 2022;
Arkhurst et al., 2023). There is, therefore, well-documented evidence
of their overarching effectiveness at reducing coastal risks at a local
level. The historical reliance on hard defences is a difficult one to
overturn, particularly, as such long-term reliance have inevitably

Table 4
Preferences and perceived effectiveness of coastal management strategies by participants’ characteristics.

Categorical sub-samples Obs. Preference Perceived effectiveness

LEAST preferred (% of sub-sample) MOST preferred (% of sub-sample) Most EFFECTIVE (% of sub-sample)

Opt. 1 Opt. 2 Opt. 3 Opt. 4 Opt. 5 Opt. 1 Opt. 2 Opt. 3 Opt. 4 Opt. 5 Opt. 1 Opt. 2 Opt. 3 Opt. 4 Opt. 5

Full sample 531 3.77 15.63 71.56 7.53 1.51 24.86 2.82 0.94 11.49 59.89 43.88 1.88 1.51 12.99 39.74
Age
18 ≤ years ≤39 352 3.69 18.75 70.17 6.25 1.14 25.57 2.84 1.14 13.35 57.10 48.01 2.27 1.70 13.92 34.09
≥40 years 179 3.91 9.50 74.30 10.06 2.23 23.46 2.79 0.56 7.82 65.36 35.75 1.12 1.12 11.17 50.84
Income*
High 108 3.70 12.96 76.85 5.56 0.93 28.70 1.85 0.93 11.11 57.41 54.63 0.00 0.93 12.96 31.48
Medium 255 1.57 16.86 73.33 6.67 1.57 24.31 1.96 0.78 7.45 65.49 42.35 1.18 1.57 12.16 42.75
Low 166 7.23 15.66 65.66 9.64 1.81 22.89 4.22 1.20 18.07 53.61 39.16 4.22 1.81 14.46 40.36
Education
Up to PG level 210 4.76 18.57 68.10 7.14 1.43 25.24 3.33 1.43 13.33 56.67 40.48 1.43 2.38 15.71 40.00
Up to UG level 209 3.35 13.40 72.73 8.61 1.91 23.92 2.39 0.96 9.09 63.64 48.33 2.87 0.96 11.00 36.84
Otherwise 112 2.68 14.29 75.89 6.25 0.89 25.89 2.68 0.00 12.50 58.93 41.96 0.89 0.89 11.61 44.64
Coastal resident
Currently 94 5.32 12.77 74.47 6.38 1.06 34.04 2.13 1.06 12.77 50.00 46.81 1.06 1.06 11.70 39.36
Previous 120 6.67 15.00 61.67 12.50 4.17 24.17 3.33 1.67 9.17 61.67 40.83 2.50 2.50 14.17 40.00
Never 317 2.21 16.72 74.45 5.99 0.63 22.40 2.84 0.63 11.99 62.15 44.16 1.89 1.26 12.93 39.75
Coastal management and/or engineering experience
Yes 35 5.71 22.86 62.86 5.71 2.86 20.00 2.86 2.86 11.43 62.86 28.57 5.71 2.86 5.71 57.14
No 496 3.63 15.12 72.18 7.66 1.41 25.20 2.82 0.81 11.49 59.68 44.96 1.61 1.41 13.51 38.51

Notes: percent values that are bolded are emphasised within the main text. *The income sample sub-sample groups sum to 529 (as opposed to 531), as two respondents
did not disclose income information. The following abbreviations apply: Obs. = observation; Opt. 1 = hard defences funded via higher council taxes; Opt. 2 = au-
thorities do nothing and homeowners/renters invest in flood insurance; Opt. 3 = authorities, homeowners, and renters do nothing; Opt. 4 = relocate residents away
from flood risk zones and homeowners compensated for land loss; Opt. 5 = nature-based solutions funded via higher council taxes; PG = postgraduate; UG =

undergraduate.
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resulted in public trust in these defences, reinforcing the majority
consensus that these defences are most effective (Anderson et al.,
2022).

3. Media coverage. News coverage on flood events have often shed light
on the effectiveness of grey management solutions, such as hard
defences, for flood risk mitigation. These types of media coverage
contribute to the evidence pool on the effectiveness of hard defences
for coastal management, which, in turn, may be shaping overall
public trust in these defences (Cologna et al., 2017).

4. Risk aversion (Anderson, 2023). People who live, work, and invest in
vulnerable coastal regions (coastal residents) are known to believe
and trust in coastal management schemes that provide immediate
protection against coastal hazards (Gray et al., 2017). Although they
might prefer NBCS for its aesthetics and environmentally friendly
values, the effectiveness of such solutions is not immediately known,
as coastal response to these solutions is generally slower than coastal
response to hard defences (Anderson et al., 2021, 2022). NBCS may,

therefore, not be seen as a proactive strategy for mitigating the risks
of coastal hazards relative to hard defences.

5. Trade-off between preferences and practical choices. Building on the
arguments above, coastal residents and coastal zone users may have
a personal preference for NBCS due to the aesthetic and environ-
mentally friendly benefits of these solutions. However, when faced
with the realities of coastal hazards, these individuals may favour
solutions that are known to provide a reliable form of defence (im-
mediate protection) (Han et al., 2023). This highlights a trade-off
between idealistic preferences (in this case, NBCS) and pragmatic
choices (in this case, hard defences).

These theoretical factors converge well with our qualitative findings
on the drivers behind our respondents’ coastal management preferences
and perceptions (Table 3). Specifically, we find that most people prefer
NBCS from an environmentally conscious vantage but perceive hard
defences as most effective because of its known effectiveness (and sus-
tainability), familiarity and knowledge, and immediate impact/

Fig. 2. Spatial distribution in preferences and perceived effectives for the two active coastal management strategies considered: hard defences and nature-based
coastal solutions.
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proactiveness (Table 3). However, putting aside these explanatory
theoretical factors, there are clear differences in perceptions of coastal
management strategies between the CSC and wider public, with the
former actively advocating for the use of NBCS (Bueno-Pardo et al.,
2024) while the latter is more convinced by the use of hard defences
(Anderson et al., 2021, 2022). This signals a breakdown in communi-
cation and dissemination of knowledge from the CSC to local commu-
nities, thus necessitating the need for more local stakeholder (local
societies/general public) engagement in NBCS decision-making and
implementation.

The design of coastal management plans in the UK have traditionally
involved some form of local stakeholder engagement, which together
with our findings above, may explain the greater perceived effectiveness
of hard defences relative to NBCS, since these defences represent the
most common form of coastal management in the UK (Defra, 2006).
However, with increasing calls for greener (NBCS) or hybrid (grey and
NBCS) coastal management solutions to address multi-environmental
challenges related to biodiversity, net zero, and ecosystem services,
more dialogue on NBCS needs to happen between all stakeholders at the
decision-making level for coastal management in the UK (Defra, 2021).
Such dialogue is particularly needed to address the communication and
knowledge gap on NBCS between the CSC and wider society. A way
forward to achieve this might be to adapt a systems mapping approach
for coastal management decision-making.

Systems mapping is gaining traction for robust policy-making in
various aspects of environmental management (Suno Wu et al., 2021;
Penn et al., 2022). However, there is little uptake within the coastal
management sphere. Evidence shows that such an approach enables an
understanding of the various components, relationships, and dynamics
within a system, primarily because it deconstructs the constituent parts
of a system to understand the inter-relations within a system, funda-
mental for identifying inclusive and, potentially, more robust manage-
ment approaches to ensure the sustainability of a system (Sedlacko et al.,
2014; Lopes and Videira, 2017). Despite the limited uptake in the coastal
management sphere, we see documented evidence of systems mapping
being beneficial for integrated coastal zone management in Egypt (Sanò
et al., 2014). The approach adopted there involved: (1) capturing mental
models of individuals within each stakeholder group through causal
loop diagrams, (2) building a conceptual model of the system by
combining the contribution of all stakeholders, (3) identifying critical
issues for the system, and (4) preparing a combined causal loop diagram
for further discussion and system dynamics simulations. This four-stage
process is certainly not a place-specific measure and has the potential for
involving all stakeholders to ensure inclusive and (potentially) more
effective coastal management decision-making on a local, regional, and
global scale. Though not quite coastal management, we have seen ele-
ments of systems mapping leading to more refined flood risk commu-
nication strategies in the UK (Rollason et al., 2018). Therefore, such an
approach is transferrable to the UK coastal management context, for
improving coastal resiliency strategies.

5. Conclusions

In response to increasing advocacy for NBCS by the CSC, we inves-
tigate public preferences and perceived effectiveness of NBCS and other
common forms of coastal management in the UK. We do this through an
online survey of over 500 UK residents, followed by inductive coding
and statistical and geospatial analyses of the survey data. Although our
findings indicate general public preference for NBCS from an environ-
mentally conscious lens, more people perceive hard defences to be most
effective for coastal management for several reasons, primarily relating
to overall awareness of the immediate impact and effectiveness of these
approaches in hazard risk reduction. These findings signal a communi-
cation gap between the CSC, which advocates for NBCS, and the general
public, who appear more convinced by the use of hard defences,
necessitating the need for greater NBCS dialogue between all

stakeholders at the decision-making level for coastal management. Such
dialogue is needed given the increasing calls for greener (NBCS) and
hybrid (grey and NBCS) initiatives to address multi-environmental
challenges relating to biodiversity, net zero, and ecosystem services,
which NBCS can help to facilitate. We recommend that discussions and
decision-making around NBCS should adopt a systems mapping
approach in order to enable inclusive and potentially more effective
(and sustainable) coastal management policies. Such an approach will
also help to address inequalities in the public’s understanding of coastal
management, with longer-term benefits for responding to coastal haz-
ards and risks at both the local community and national levels.
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