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ABSTRACT: Nature-based Solutions (NbS) are increasingly being applied in coastal management, although
there remains limited understanding of how to effectively integrate social, economic, and ecological
considerations into their design on local scales. In particular, there is a lack of guidance on how to design and
implement NbS using locally available materials. This paper presents findings from a pilot project in Hest Bank,
North-West England, which applied co-design - the active involvement of end users in the design process, from
initial conceptualisation through to development and launch - to develop hyperlocal NbS structures for
saltmarsh restoration. The project utilised local materials and traditional crafts to co-create structures with
community members. Although the community-designed structures demonstrated some capacity for sediment
capture, they were less effective than a commercially produced NbS. However, the co-design process fostered
social learning, built trust between residents and the local authority, and enhanced local engagement and support
for NbS initiatives. Field-based learning informed an iterative design process, highlighting the value of
adaptive, community-centred approaches. Additionally, the project demonstrated the effectiveness of low-cost
coastal monitoring approaches, including mini buoys and a free smartphone app for collecting hydrodynamic
and topographic data respectively.
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resistance of beach dunes to storm erosion

1 INTRODUCTION

Nature-based solutions (NbS) have gained
prominence in recent years as sustainable
methods to reduce the risk of coastal flooding and
erosion (e.g. Pontee and Parsons, 2010). The NbS
concept encompasses approaches that work with
nature while engaging stakeholders to achieve
environmental, economic and social benefits.
They aim to increase the resilience of the
environment to the impacts of climate change
through the use of nature (Borsje et al., 2011;
Morris et al., 2022; Méller et al., 2021). NbS may
also increase social resilience if the projects work
with communities at an early stage of
implementation or if they are community-led
projects. In coastal areas, a variety of NbS have
been implemented at different spatial scales
(Borsje et al., 2011). For example, Leone et al.
(2021) proposes the use of a NbS to increase the
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through the stabilization of sediment.

Saltmarsh restoration is a landscape-scale
example of a NbS which is increasingly used for
coastal protection against flooding and erosion, as
its benefits have been identified as long-term and
potentially cost-effective (Moller et al., 2021).
The ecosystem services provided by saltmarshes
are widely recognised, particularly wave
attenuation (e.g. Bouma et al., 2014; Anderson
and Smith, 2014; Cao et al., 2018; Moller et al.,
2014), but also habitat provisions for wildlife
such as migratory birds (Ruangpan et al., 2020),
water quality improvement, nutrient recycling
(Rivera-Montoya et al., 2013) and carbon
sequestration and storage (Baustian et al., 2017).
Saltmarshes also provide cultural services that are
vital to the well-being of local communities (Van
Well et al., 2023; Hemmerling et al., 2022).
Small-scale NbS can support the restoration or
maintenance of saltmarshes by dissipating wave



energy, attenuating tidal and wave-induced
currents and retaining sediments (Pontee et al.,
2021). For example, structures can be built from
a variety of materials to support sediment
trapping, on which saltmarsh plants can
germinate and grow. Some of the materials used
in the past include willow mattresses, brushwood
structures, coir rolls or Biodegradable Elements
for Starting Ecosystems (BESE) (Pontee et al.,
2021; Schouten 2024). BESE elements are 3D
structures made from a biopolymer that is
produced from potato starch waste and can be
layered to form a lattice (BESE, 2025). In contrast
to the other structures, their effectiveness in
trapping sediment has been investigated both in
the laboratory and in the field. They intend to
generate processes that occur in the natural
environment around vegetation in which low flow
conditions lead to the increased deposition and
retention of sediment (Fivash et al., 2021;
Carneiro et al., 2024). In laboratory experiments,
it was found that these structures create low flow
and turbulence conditions in the first 50 cm of the
structure, with the exception of increased
turbulence in the first 10 cm (Fivash et al., 2021).
By reducing disturbance from hydrodynamic
forcing, they may also increase the frequency of
"windows of opportunity" (Balke et al., 2014) for
plants to establish. Investigations on the effects of
BESE elements on intertidal zone sediment
dynamics have found both accretion and erosion
occurred around the structures (Marin-Diaz et al.,
2021). This emphasises the need to conduct
small-scale trials with BESE elements to assess
the suitability of these NbS at individual sites
(Pontee et al., 2021; BESE, 2024). Some success
has been achieved by planting seedlings in BESE
elements as part of saltmarsh restoration projects
(BESE, 2024; Carneiro et al, 2024). The BESE
elements can also be deployed without planting to
promote higher sedimentation rates and natural
vegetation growth. Despite the potential of NbS,
like BESE elements, there is little evidence on the
practical implementation or effectiveness of
alternative small-scale NbS.

Monitoring is necessary to collect evidence and to
assess the overall effectiveness of NbS and
restoration projects (Pontee et al., 2021). Low-
cost monitoring is particularly useful when
resources are limited. Smartphone cameras
(Luetzenberg et al., 2021) and mini buoys (Ladd
et al. 2024a) provide affordable, easily accessible
methods  for tracking topographic and
hydrodynamic changes, respectively. Structure-
from-motion (SfM) photogrammetry using
overlapping images from smartphone LIDAR
cameras can create 3D digital elevation models
(DEMs) to monitor geomorphic changes
(Luetzenberg et al., 2021; Luetzenberg, 2023).

With advances such as LiDAR on newer
smartphones and free tools for analysis of the
obtained point clouds such as CloudCompare
(CloudCompare, 2025), high-resolution models
of coastal environments can now be easily
created, analysed and shared. These techniques
support citizen science, by increasing public
engagement and the long-term monitoring
capacity (Harley et al., 2019; Tavani et al., 2022).
Hydrodynamic monitoring is equally important as
water movement influences sediment deposition
and restoration success. Traditional
measurements are often costly and may require
specialist knowledge and skills. In contrast, mini
buoys constructed from affordable and easily
accessible components and containing low-cost
accelerometers track waves and currents by
measuring the tilt caused by water movement.
Coupled with a free app (Mini Buoy App), they
provide information on tidal inundation, current
velocity and the ‘window of opportunity’, all
tailored to site-specific conditions (Ladd et al.,
2024a; 2024b). As a result, multiple mini buoys
can be deployed at different locations, allowing
detailed data collection at high frequency to
effectively and affordably guide restoration
efforts. These new techniques can be utilised by
local communities or coastal managers for the
adaptive management of NbS, but their
capabilities and limitations have yet to be tested.
Alongside the need for evidence-based
approaches, studies also  suggest that
collaboration with local communities is essential
for developing NbS (e.g. Hemmerling at al.,
2022; Baustian et al., 2020). For example,
EcoShape, a foundation that facilitates the
Building with Nature network in the Netherlands,
recognises that community support is central to
successful project outcomes (EcoShape, Multi
Stakeholder Approach, 2025). Involving local
residents in a saltmarsh development project from
the outset promoted public understanding of the
role of NbS in protecting coastal communities in
Louisiana (Hemmerling et al., 2022). Baustian et
al. (2020) argue that stakeholders and
communities should be actively involved in all
stages of the project process to build a trusting
relationship. Both scientific and local knowledge
should be considered equally with the latter being
critical to understanding how the coastline is
changing through the lens of those who use it
most. Sharing knowledge can also increase trust
between stakeholders (e.g. Caze et al., 2023).
Social learning should be a central driver for any
community engagement process that leads to a
deep understanding of the role of NbS, which in
turn will lead to longer-term community support
(Hemmerling et al., 2020; Caze et al., 2023).
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The co-design approach is increasingly
recognised as a valuable method for involving
local communities in the design, implementation
and maintenance of NbS. Co-design involves
many different stakeholders, including partners,
community members, customers and employees
(Blomkamp, 2018). It not only facilitates the
inclusion of diverse voices, but also promotes
knowledge sharing, social learning and
community resilience building. Co-design as a
means of collaboration is not a new concept, but
an established practise that has long been utilised
in design practise (e.g. Kensing and Greenhouse,
2012; Sanders and Stapers, 2008). At its core, co-
design is about the active involvement of end
users in the design process, from initial
conceptualisation through to development and
launch (Sanders and Stappers, 2008; Blomkamp,
2018), ensuring that co-designed solutions and
products are based on the knowledge and needs of
end users. Co-design is more than just a method
for gathering input. It is a process that facilitates
creativity, knowledge sharing, social learning and
the promotion of equity and social justice through
the inclusion of marginalised groups (Vargas et
al., 2022).

Co-design is now applied in many different
disciplines, from public sector policy making to
architecture (Urquhart et al., 2023) to the design
of NbS in diverse environments beyond coastal
landscapes (e.g. Lupp et al., 2021). Despite its
increasing use, there is still a lack of clear
guidelines for selecting community
representatives to participate in co-design or for
the effective implementation of co-design
processes in NbS. This emphasises the need for
more structured frameworks and methodologies
to ensure the potential benefits of co-designing
NbS are realised in coastal environments.

This paper presents the preliminary results of a
pilot project that aimed to co-design hyperlocal
NbS with artists, craftspeople and local residents
to support the restoration of a saltmarsh. The
sediment trapping structures were co-designed
using local natural materials and traditional craft
techniques. The structures were deployed in
collaboration  with  residents, and their
performance was monitored using low-cost
monitoring techniques for topographic surveys
and hydrodynamic measurements. The paper
answers the following questions: how reliable are
data from low-cost monitoring? How did the co-
designed structures perform compared to BESE
elements? And finally, how effective was the co-
design approach? The paper is organised as
follows. Section 2 gives an overview of the pilot
project and introduces the site. Section 3 gives a
detailed overview of the theories and approaches
applied in this pilot project and the methodology
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used in co-designing the structures and
monitoring them in the field. Section 4 presents
the preliminary findings and reflects on the
successes of the pilot project and the need for
further work. Section 5 contains a conclusion.
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Figure 1. Map of the United Kingdom showing the location
of the study site at Hest Bank.

2 BACKGROUND AND STUDY SITE

The Coastal Nature Lab was a pilot project (2023
- 2024) funded as part of the UKRI AHRC and
EPSRC funded Infrastructure for Port-cities And
Coastal Towns (iPACT) network. The iPACT
umbrella project aimed to “identify people-
focused, infrastructure-based solutions to the
complex problem of improving social well-being
and prosperity in coastal communities through
resilient and sustainable regeneration; with a key
emphasis on taking advantage of the coastal
location” (iPACT, 2025). The CNL aimed to
explore natural materials, processes and design
strategies that could be utilised to enable local
communities to directly participate in the
protection of their coastal environment. This
strategy can then help to address the gaps in the
lack of guidance on working with local materials
and designing NbS. The focus was on hyperlocal
solutions that can consider the interactions
between social, economic and natural resources.
The CNL brought together expertise from
Lancaster  University, the University of
Strathclyde, Lancaster City Council (LCC),
artists, craftspeople, volunteers and local
communities. The Lancaster University team
researched the sediment trapping structures that
this paper focuses on. LCC, a partner in the CNL



project, is also participating in the Our Future
Coast (OFC) project (2021 - 2027), which is
funded by the Department for Environment, Food
and Rural Affairs as part of the £150 million
Flood and Coastal Resilience Innovation
Programme. This national programme aims to
develop and test new approaches to resilience,
tailored to the needs of local communities, at 18
different sites along the North West coast of
England. OFC objectives include developing
innovative solutions to create and maintain
coastal buffers and empowering communities by
engaging them in a process of co-creating
knowledge and co-developing nature-based
solutions (Environment Agency, 2023). LCC
expanded the CNL project by deploying the co-
designed NbS structures in collaboration with
residents as part of the OFC project.

The pilot project took place at Hest Bank, a small
village in north-west Lancashire on the western
edge of Morecambe Bay and one of the OFC case
study sites (Figure 1). Morecambe Bay is one of
the largest areas of mudflats and sand in the UK,
covering a total area of approximately 310 km?.
The tidal range is 85 m (The National
Oceanography  Centre, 2025), while the
significant wave height during storms is 3.45 m
(National Network of Regional Coastal
Monitoring Programmes, 2025a). Morecambe
Bay is of international and national significance
for its habitats, vegetation, birds and marine life.

Several rivers flow into the bay, including the
Leven, Kent, Keer, Lune and Wyre. Their
estuaries form a series of peninsulas within the
bay. The bay is known for its cyclical migration
of the main river channels. The movement of the
Kent River channel in turn affects the cyclical
decrease and increase of saltmarshes on the
eastern and western banks of the river channel
such as Silverdale and Grange over Sands
(Pringle, 1995). Hest Bank, located to the east of
the Kent River channel, experienced a rapid loss
of saltmarsh between 2009 and 2015, leaving no
natural buffer to protect several residential
properties from flooding and erosion. Similarly,
the current hard structure used to protect the West
Coast Main Line railway no longer has a natural
buffer. The Shoreline Management Plan for the
Hest Bank area is set as Managed Realignment,
which means that the council is unlikely to
receive any further government funding for hard
coastal defences. In this context, trialling
saltmarsh restoration as part of OFC was seen as
an appropriate and innovative approach.

3 THEORETICAL FRAMEWORK AND
METHODOLOGY

3.1 Theoretical framework

The design framework chosen in CNL is a ‘more-
than-human  design’ that extends our
considerations beyond the purely human to those
of plants, animals and even microbes (e.g.
Poikolainen Rosen et al., 2025). The approach is
also in line with Tuana’s work on viscous porosity
(Tuana, 2008) and da Cunha and Mather’s (n.d)
philosophical and practical lens on wetness.
Tuana (2008) argues that the devastation of
Hurricane Katrina has shown us that there needs
to be knowledge that encompasses people and
things, engineering and social structures and
experiences. Da Cunha and Mather (n.d.) argue
for dealing with wetness beyond artificial
boundaries between land and water and for an
adaptive approach to ecological design and
governance. Ultimately, the CNL design views
saltmarshes and their habitats as equal agents to
the communities that are protected or use other
services provided by saltmarshes.
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Figure 2. Design approach used in the Coastal Nature Lab
project.
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ITERATIVE PROCESS

3.2 Co-design and co-production of NbS

Figure 2 summarises the design approach used in
CNL, which comprises several phases: co-design,
co-production, co-deployment and co-monitoring
with local communities. An iterative design
process based on ‘research through design’
(Cortesao and Lenzholzer, 2022) was applied to
enable the integration of knowledge and
understanding gained during the process. Both
explicit and tacit knowledge was used; in the case
of the former through measurement and
monitoring and in the case of the latter through
discussion and the integration of new ideas. This
enables adaptation and continuous improvement
(Schouten, 2024) and leads to residents and
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community groups participating in or even
leading the co-design process.

The co-design phase began with collaboration
between the OCNL research team, coastal
practitioners, artists and craftspeople. The latter
were selected for their experience in working with
natural, preferably local materials and using
traditional craft techniques, and had experience in
teaching their techniques to the communities. The
requirements of the site, the information from
previous studies carried out at the site and the
published literature on the effectiveness of some
sediment trapping structures elsewhere, as well as
the artists' own experience of working with
natural materials, formed the basis for the co-
design of NbS structures that could be co-
produced with local communities.

Local materials such as willow, wool, saltmarsh
grasses, nettles and straw were used to build the
NbS structures (Figure 3). When selecting these
materials, it was important to ensure that these
were from non-invasive species that grow in
similar conditions to those to be designed for.

Natural Materials and Traditional Craft Techniques

Figure 3. Natural materials and traditional craft techniques.

Co-production  workshops were organised
between November 2023 and May 2024. The first
two workshops were led by an artist specialising
in willow and felt, who designed ‘willow turtles’
that can be deployed around saltmarsh tussocks to
trap sediment and reduce local erosion, and felt
pockets that can be attached to seawalls or rocks
to enhance habitats. The third workshop was a
repeated co-production workshop for ‘willow
turtles” with the aim of involving more local
residents and producing a greater number of
structures. The fourth workshop was led by a
thatcher who taught residents how to make straw
bales and secure them with willow and hazel
spars. The aim was to use these as natural barriers
to reduce waves and currents and thus promote
sedimentation. The final, fifth workshop was led
by two artists who used grasses and seaweed to
create nature-like structures that can be used in
the mudflats to stabilise the seabed. They were
inspired by the rhizome system of the Spartina
(Spartina anglica) plants, which are the first to
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colonise the mudflats. These skills were then
taught to the local residents. However, to produce
a reasonable size and quantity of these structures,
the woven seaweeds were replaced by manilla
ropes.

Although this was a small pilot project and
biodegradable materials were used, permission
was sought from Natural England as the foreshore
of Hest Bank is a multi-designated site. Once
permission was granted in March 2024, only one
‘willow turtle’ was deployed to test the
attachment to the seabed. Care was taken to
ensure that natural material was used to attach the
structures to the seabed. Between May and July
2024, two circles of ‘willow turtles’, mimicking
Spartina tussocks, were deployed on the mudflats
close to the existing Spartina tussocks. This
particular location was chosen to increase
connectivity between tussocks and ultimately
their size, which could improve saltmarsh
regeneration success (Gittman et al., 2018).

OFC NBS Structures change over
time
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Figure 4. A map of Hest Bank showing locations of all
installations in an inset shown in the lower panel.

In parallel, LCC and Morecambe Bay Partnership
(MBP) organised joint drop-in sessions and co-
design workshops for local residents between
November 2023 and February 2024. The aim was
to jointly develop ideas for NbS at Hest Bank.



Based on the experience gained through the CNL,
they organised a series of co-production
workshops with the same artists, CNL researchers
and local residents in August 2024 to expand the
production of ‘willow turtles’, straw bales and
ropes. Local residents, LCC and MBP co-
deployed these in September 2024 (see layout in
Figure 4). In addition, the council commissioned
and deployed BESE structures on the same site in
October 2024. The co-design process was
evaluated throughout 2023/2024 by Parkinson
(2024) using mixed research methods, including
ethnographic observations, a community survey
and semi-structured interviews.

3.3 Monitoring

To assess the effectiveness of the NbS structures,
topographic changes around a series of structures
(Table 1) were monitored using an accessible
smartphone optical camera (RGB) tool (Evans,
2025) building on previous work at the same site
using LIDAR smartphone camera (Bracegridle,
2024), and mini buoys deployed by the council
and MBP. These low-cost techniques were used
to ensure monitoring is accessible to residents and
NGOs, who may be developing restoration
projects in future. Hence, one of the objectives
was to evaluate the capability of these methods
for assessing NbS effectiveness.

Table 1. A series of structures monitored by a smartphone
and their relative locations

Structure type Deployment
Rope 1 (R1) shoreward
of a tussock
Rope 2 (R2) shoreward
of a tussock
Willow turtles 1 and 2 close to
(WI&W2) each other
and to a
small
tussock
Willow turtle 3 on a bare
(W3) flat  away
from
vegetation
BESE 1 surrounds
(B1) the existing
tussock
BESE 2 surrounds
(B2) the existing
tussock
BESE 3 on a bare
(B3) flat  away
from
vegetation

Figure 5. NbS deployed at Hest Bank; upper panel from left
to right — Rope 1 and Rope 2 (on 26/01/2025), Willow turtle
2 on 19/12/2024; lower panel from left to right — BESE 2
on 26/02/2025, BESE 3 on 25/11/2024 and 06/07/2025. All
photos are taken by Charlotte Evans, except the photo of
BESE 3 on 06/07/2025 by the author.

Three different types of sediment trapping
structures were monitored in this study as
summarised in Table 1 (also shown in Figure 5).
This ensured that the effectiveness of different
types, locations and layouts of structures could be
compared.

Monitoring of changes in bed elevation around
the structures was carried out over a four-month
period from 08 November 2024 to 09 March 2025
on bi-weekly intervals when low tidal levels
enabled daytime access to the site. The focus was
given on bed changes around the structures using
the Scaniverse app (Niantic Inc., San Franciso,
USA) for an iPhone 11. The app, which is freely
available to download, is based on SfM
photogrammetry and produces 3D scans of the
NbS structures and the surrounding area. Each
structure was scanned individually, except
‘willow turtles” W1 and W2, which were scanned
together. To be able to compare the scans between
surveys, images need to be georeferenced.
Bamboo sticks were deployed as ground control
points (James et al., 2013) around the structures
and their location and elevation surveyed using
RTK GPS. RTK GPS was also used to survey
several profiles across the mudflats periodically ..
to assess changes in the channel location and
changes over the mudflats.

3D scans were georeferenced and initially
compared in CloudCompare. The digital
elevation models of the structures and topography
were then imported into ArcGIS Pro (Q-GIS
could also be used) creating multi patch feature
classes, which were then converted to rasters with
a spatial resolution of 10 mm. For each of the
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structures, the elevation change for each survey
date was calculated relative to the earliest
georeferenced raster. For more details see Evans
(2025). To assess the accuracy of the DEMs
obtained using Scaniverse, a comparison between
a DEM obtained by Scaniverse and the one
derived using Agisoft MetaShape software
(Agisoft, n.d.) obtained from a large series of
overlapping photographs using the same phone.
The comparisons were made for topography
around Rope 1 on 9th March 2025 following
guidelines from previous work (Pikelj et al.,
2018; Ruzic et al., 2014; James et al., 2013).
Offshore wave data was obtained from a wave
buoy in Morecambe Bay operated by National
Network of Regional Coastal Monitoring
Programmes (NNRCMP, 2025b). External tidal
data is obtained at the Heysham tide gauge from
The British Oceanography Data Centre (BODC,
2025). This includes tidal elevations, which
subsequently have been referenced to the
ordnance datum by subtracting 4.9 m (BODC,
2025). The external tidal data were used to
validate and assess daily tidal inundation time
calculated from the Mini Buoy data.

Three B4+ mini buoys (Ladd et al., 2024a) were
deployed from 07 November 2024 to 11
December 2025 and from 12 December 2024 to
21 March 2025 by the OFC team. Mini buoys are
accelerometer-based drag-tilt sensors that record
the gravitational acceleration in the y-axis at a
sample frequency decided by user (Balke et al.,
2021; Ladd et al., 2024a). The sample frequency
was 2 seconds (s) and 5 seconds (s) in the first and
second deployments respectively. The mini buoys
were located approximately in a transect, with
two of these located next to two structures (BESE
2 and Rope 1).

The gravitational acceleration data collected by
mini buoys are then processed using the Mini
Buoy App, which is an application accessed
through RStudio (Ladd et al., 2024b). The App
calculates daily inundation time, current velocity
and wave orbital velocity statistics. The default
setting was used to derive these statistics. Full
details of methodologies used are given by Ladd
et al. (2024a; 2024b).

4 FINDINGS AND DISCUSSION

4.1 How reliable are data from low-cost monitoring?

To check the reliability of mini buoy data, the
daily inundation time derived from the tidal gauge
at Heysham was compared to the daily inundation
time measured by the mini buoy (Figure 6). The
range of inundation was between 0 h to almost 8
h. The figure shows high fit, although the values
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of inundation are slightly higher from mini buoys.
This could be due to different timing between the
same elevation occurring at both sites and/or
natural processes and the chosen default
parameters for calibration. However, there are
some outliers and mainly for mini buoys 10 and
11. From field observations, it was detected that
mini buoys were tilted even in the absence of
inundation. This analysis helped to discard data
from those occasions. However, it would be
beneficial to have more detailed in-situ water
depth, current and wave measurements for further
evaluation.

o
o o o 3
o [s)
o © o Mini Buoy 10
RROA ° Mini Buoy 11

A n A Mini Buoy 12

O B N W A OO N 0 ©

Daily Inundation Time derived from
Tidal Gauge (hours)

4 8 12 16 20 24
Mini Buoy Daily Inundation Time (hours)

Figure 6. Daily inundation time from the Heysham tidal
gauge against daily inundation time from Mini Buoys.

Comparison of DEMs obtained by Scaniverse app
and using Agisoft, indicate differences in
elevation of + 0.02 m (Figure 5). The difference
occurred predominantly on sloped areas,
including ripples, as Scaniverse app produces
lower resolution (smoother) models than Agisoft.

[
0 0.5 Metres
Model from Photographs Model from i Di Models

3179 m 3.229m 0.02m

2.998 m 2.998 m -0.02m

Figure 7. Rope 1 elevation on 9" March 2025 using two
different models (left - photographs and Agisoft model;
middle — smart phone application (Scaniverse) and right —
the difference between models.

4.2 How did NbS structures perform?

The 3D topographic DEMs and wave/ tidal
currents provided insights into sediment
dynamics as a result of wave and tidal
interactions, particularly during storms. Between
the first deployment and the end of survey, five
named storms occurred (Met Office, 2025). Of



these, storm Ashley on 20-21 Oct. 2024 and storm
Eowyn on 24 Jan. 2025 were most impactful.
Whilst the surveys started after storm Ashley, it is
important to note that all NbS installations
survived the first storm despite soft cliff erosion
higher up the beach. The max significant wave
height was 3.73 m, which is above the storm
threshold for this site. Max wave height was 5.65
m while the peak period and the peak direction
were 8.3 s and 218° respectively. The storm took
place during high spring tide, which already high
level was increased by a storm surge.

Storm Eowyn, which took place on 24 January,
occurred during a neap tide. The mean significant
wave height during this storm was 2.2 m, with a
maximum significant wave height of 3.45 m. The
mean wave direction was 220° and the mean wave
period was 8.5 s. Waves would not affect the
structures if there was no storm surge, which
increased the tidal range by 2.19 m to about 4 m.
The structures were inundated for at least 5.15 h.
This allowed waves to reach the structures and
increase current and wave orbital velocities and
thus the potential for sediment transport. The
upper 95th percentile of the current and the
maximum wave orbital velocity measured at
mini-buoy 12 were 0.48 m/s and 0.44 m/s
respectively. In the area of the Rope 1 and BESE
1 installations, there was a general reduction in
bed elevation with an average value of around -
0.02 m (standard deviation 0.01 m for both
structures). While the mean elevation change at
BESE 2 was approximately -0.01 m (standard
deviation 0.02 m), there was an increase in
elevation on the structure and southwest of the
structure. Both erosion and accretion took place
around the structures, as has already been
observed during storm surges (Gao et al., 2019).
The overall elevation change around installations
between the first and last survey were relatively
small = 0.1 m (Figure 8). This is in agreement
with studies elsewhere, which observed and
predicted very low sedimentation rates on
mudflats (e.g. Hu et al.,, 2021). Moreover,
elevation changes smaller than 0.02m are
uncertain due to the Scaniverse model resolution.
However, throughout the study period, there were
cycles of infill and scour and spatial variation in
elevation change. Periods of low wave height
coinciding with neap-to-spring transition (Figure
9) indicate little elevation change or gain between
09 and 14 December and 09 and 17 February.
Overall, the results indicate that low inundation
duration and low wave activity supports filling or
no change and that higher inundation duration and
stronger waves support scour.

BESE 1 BESE 2

>z

-
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Elevation Change Elevation Change Elevation Change
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Figure 8. Elevation change between the first and last survey
taken during the study period. Elevation difference between
08 November 2024 and 09 March 2025 for BESE 1 (left)
and Rope 1 (right) and between 22 November 2024 and 09
March 2025 for BESE 2. Elevation gain between -0.1m
(red) and +0.1m (green).

The scour around installations was also present
around natural tussocks. Sediment transport due
to current and wave orbital velocity will only
occur if a critical threshold is exceeded, which is
dependent on sediment characteristics, water
depth and wave characteristics. As water depth
levels were not measured in this study and there
was no continuous monitoring of sediment
properties (e.g. sand/silt cycles were observed in
the field), the critical velocities for sediment
transport could not be calculated.
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Figure 9. Hydrodynamic data for 08 November 2024 to 09
March 2025 a) Significant wave height (m) measured at
Morecambe Bay buoy; b) Tidal elevation (m); ¢) Mini Buoy
12 daily inundation time (hours).
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Some changes around installations were also
driven by elevation changes on mudflats like
formation of rills, which were not monitored at
the time. One of the differences between the
structures was that BESE elements were infilled
with sediment early on, while one of the willow
turtles (W2) remained buried in the mudflats for
the whole survey duration. It is also worthwhile
to stress that ropes and willow turtles were fixed
with hazels spars while BESE structures were
fixed with iron bars. Despite these, sinking and
lifting of BESE panels occurred during the survey
period.

4.3 How effective was co-design?

The project aimed to co-design and co-create NbS
at a hyper-local scale. While co-design sessions
organised by the Our Future Coast team attracted
a few participants of low diversity, the co-
production sessions organised by CNL and
subsequently by the OFC team managed to attract
a large number of participants and of higher
diversity. CNL co-production workshops were
received positively by participants. They
provided a chance to take positive action, to make
changes that will reduce the impact of climate
change. Participants of workshops would come to
learn new crafting skills but in the process of co-
creating field installations they created a safe
space to discuss and ask questions around NbS
and related topics such as sea level rise and
climate change. This started to build trusting
relationships, which are central to the success of
NbS community led projects, to the point where
several participants came forward with ideas for
NbS and/or workshops. Two participants have
now initiated an off-spring project funded by
OFC in a neighbouring village. While co-design
and co-production helped to raise social
knowledge, there is scope for future
improvements as further discussed in the paper by
Parkinson et al. (2025).

4.4 Discussion and reflection

There are several potential reasons that a larger
number of participants attended the co-production
workshops.  Adverts for these sessions
emphasised the learning of skills and therefore
attracted residents who were prepared to learn
new skills but also work with nature. The
installations, that were produced in collaboration
with artists and craftspeople and the wider
community, were feasible to create and deploy in
the field. There was a feeling that actions to tackle
climate change had been taken. These sessions
also managed to develop a safe space for sharing
ideas. However, these workshops were probably
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not attractive to everyone, with other foreshore
users helping in other ways, including deploying,
safeguarding and monitoring the NbS,
installations. Hence there is scope to work further
with other community members who have
complementary interests and widen participation
through community organisations and local
schools. In particular, as there has not been a
person or local organisation identified yet, who
will take this work forward. Resolving this will
require further work.

The deployment was a small-scale pilot project
that showed that placing installations around
tussocks could help to reduce erosion around
them and potentially encourage propagation of
new seedlings. To have a more significant effect
on saltmarsh progression, these installations
would need to be expanded, like in a trial in the
Netherlands (Marin-Diaz et al., 2021). However,
this would require further assessment of locations
that have high sediment concentration in the
water column and potential for trapping sediment.
In turn this would require analysis of the existing
surveys from remote sensing imagery and/or field
collections of local knowledge and observations
and deployment of in-situ instruments to measure
elevation change, sediment concentration, water
levels, waves, and tidal and wave induced
currents. Large-scale trials would also require
monitoring of sediment properties and
microorganisms in sediment, which help to
stabilize or destabilize sediment (Herman et al.,
2001; Li et al., 2017).

From this short-term, localised case study, BESE
installations appear to have higher potential for
stabilizing mudflats and trapping sediment
(Figure 5). These installations are ready-made
and can be easily deployed in the field. While the
panels are biodegradable, the iron bars are
currently used to anchor them are not and this
would require reconsiderations. Yet, deployment
of the structures does not require co-design and
co-creation and are less likely to support
community engagement with NbS.

In contrary, the installations produced from local
material and traditional crafts have a very high
potential for engaging local communities in their
design and production. However, these still need
further refinement of the design in the next
iteration of the process as shown in Figure 2.
Learning from the field could inform further
refinement of the structures to be more effective
in trapping sediment while reducing scour
potential. This would require testing structures in
hydraulic labs, such as in case of BESE elements
(Fivash et al., 2021), and further iterative design
of'the structures. Table 2 summarises the potential
of artisanal structures and BESE elements.



Table 2. Comparison of the potential of BESE elements and
CNL artisanal structures

BESE Artisanal Structures

Cost of €48-60 per m2 (grid Willow: approx. £1.50
material only without stake) per basket (30*30cm
size approx)

Rope: approx.
£0.30/m (1 net cca 10-
15m rope)

Straw: cca £20-25 per
bundle

Effectiveness Growth seen within 9 Some sediment
months over a winter accumulation, but not
period followed by  yet growth of new
spring/summer. vegetation.

Durability  Ifin a high energy  The structures
environment pieces themselves have not
may snap off due to  been significantly
the brittleness of the damaged, but many
structure. have been lifted by

energetic waves —
especially during the
winter storms. Further
research is needed to
improve anchoring.

Social Value Local communities Local community can
can make and deploy be trained to build and

structures, but no adapt the structures to
transferrable skills  the specific features of
used. the coast. Community

can take ownership
when all permissions
are obtained.

Scalability for Time taken to put the Making the structures
saltmarsh BESE matting can be time consuming
restoration  together is lengthy  as these are entirely
for a small group of handmade (20min+ for
volunteers, but a basket; 10-15min for
modular pieces can  a net; 10min for a
be adaptable and save straw bundle).
time and be deployed Modular structures can
over larger areas. be combined into
larger structures (need
further investigations).

Regardless, this
process is best suited
for small scale
interventions that can
support the
development of an
existing saltmarsh.

Further work is also needed to develop more
effective structure anchors. It will also require a
local champion or local organisation willing to
organise sessions for producing installations,
deploying them, monitoring and replacing when
needed. Further recommendations on how to
facilitate co-design is provided by Parkinson et al
(2025).

Both low-cost monitoring techniques utilised in
this study produced suitable information, useful
to track the topographical changes through the
Scaniverse app and hydrodynamic properties
using mini buoys. Whilst both are applicable to be
used by local residents and organisations, they
would require some additional training and
further time-commitments by  volunteers.
Although these techniques may not provide as
high accuracy results as alternative techniques
used in research in professional monitoring, they
will provide information on how installations
behave in different environmental conditions.
This would help adaptive management of these
installations and iterative design if needed.
Monitoring could also be expanded to assess the
potential impact of installations on local ecology.

5 CONCLUSIONS

In this pilot project, a co-design approach was
successfully used with artists, craftspeople, and
local residents to create sediment-trapping
structures using traditional craft techniques and
locally sourced materials. The approach not only
resulted in the creation of structures that were
deployed with local residents, but also provided a
safe space for learning about the impacts of
climate change on the coast and local coastal
protection measures. It enabled social learning
and trust building between coastal practitioners
and the community and strengthened support for
NbS. The structures developed from local
materials proved to be potentially suitable for
sediment trapping. Although these
underperformed compared to BESE-elements, the
approach used in a pilot study allows for iteration
of the structures designs from gained explicit and
tacit knowledge.

Smartphones and the freely available SfM app
Scaniverse proved effective in measuring small-
scale bed elevation changes around the installed
structures. Similarly, the mini-buoys provided
important  information on  hydrodynamic
parameters such as the length of inundation and
current velocities. Not only was this low-cost
monitoring easy to implement, but the data can
also be analysed wusing freely available
applications, which will support the future design
and deployment of the structures by local
communities.
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The implementation was not without its
challenges. The use of sustainable materials to
anchor the structures requires  further
consideration. There is also the opportunity to
work with a wider community. The iterative
design process will be wused in future
deployments. The Coastal Nature Lab Open
Handbook is currently being developed as a guide
for the design, construction and monitoring of the
NbS.
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