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Sandy coasts represent about one-third of the global coastline and are among the
most valuable and most vulnerable areas for humans and many other species.
Socio-economic development and climate change impacts, together with traditional
engineering for shore protection, have pervasively resulted in coastal squeeze,
thereby threatening coastal life and economic activities, and the very survival of
coastal ecosystems. In the past, the responses to problems such as land loss,
coastal erosion and flooding were primarily reactive, through gray engineering
solutions, with little interest shown in the ecosystem processes impacted by
coastal armoring. In recent decades, coastal management strategies have become
more diverse, embracing traditional engineering solutions alongside ecosystem-based
measures. Even so, many of these new strategies still fail to meet sustainability
criteria. Inspired by Per Bruun’s “The Ten Demands for Coastal Protection” from
1972, this article attempts to consider these changes and knowledge acquired
since the 1970s, in order to tentatively formulate “Ten Commandments” for the
sustainability of sandy coasts in face of climate change and socio-economic
development. As such, the paper offers a new vision and briefly summarizes good
practices for the management of sandy coasts, particularly useful for those who,
at whatever level of influence, could contribute to the long-term realization of this
new vision.

Keywords: climate change, coastal sustainability, risk reduction, coastal management, coastal resilience, coastal
protection
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INTRODUCTION

Trends in Coastline Development

Low elevation coastal zones (LECZ, i.e., regions up to 10 m above
sea level) cover only 2% of the surface of our planet (McGranahan
et al, 2007), but are highly prized, both ecologically and
economically. They include many different landforms, such as
sandy beaches (with adjacent coastal dunes), barrier islands,
tidal flats, estuaries, and river deltas. The ecosystems in the
LECZ are extremely valuable (Costanza et al., 1997), estimated
to be around $125 trillion/year and up to 77% of the value
of all ecosystems worldwide, in terms of productivity, coastal
protection and commerce, as well as for their strategic locations
(Martinez et al., 2007; Costanza et al., 2014). As a result, our coasts
have become increasingly developed and densely populated and
around 10% of the world’s population, and 13% of the world’s
urban population, now live in LECZ (McGranahan et al., 2007).
Fifteen of the world’s 20 megacities are in coastal areas (Luijendijk
et al., 2018). Coastal population growth has increased demands
on the limited space, while urbanization has transformed many
coastal zones into built-up areas protected by artificial defenses,
resulting in massive losses of ecosystems and keystone species
with consequential large-scale and cumulative effects (Lai et al.,
2015; Heery et al., 2017).

Risks related to climate change exacerbate the loss of space
for coastal ecosystems (Webster et al., 2005). For example,
(Mentaschi et al., 2018) found that between 1984 and 2015
worldwide coastal erosion was approximately 28,000 km?. The
area covered by tidal flats has fallen 16% in the last 30 years
(Murray et al,, 2019) and 24% of the world’s sandy beaches are
eroding due to human activities (Luijendijk et al., 2018). These
trends are likely to continue, and (Vousdoukas et al., 2020b)
found that ~50% of the world’s sandy beaches could be severely
eroded by the end of the century, resulting in the destruction and
loss of more than 130,000 km of coastline. However, in many
locations the erosive trends are caused by human activities, and
hence can be managed. The latter requires informed and effective
adaptive measures that will sustainably manage our coasts and
related sediment fluxes.

Coastal Management in a Changing
World

The fundamental challenge for coastal managers facing global
change is to balance the preservation of coastal ecosystems with
ever-growing socio-economic pressures (Oumeraci, 2000). This
is increasingly complex, because it is very difficult to predict
the impacts of socio-economic development and climate change
on our coasts (Wright and Nichols, 2019). Monitoring and
research can reduce, though not eliminate, uncertainties; the risks
remain. Moreover, coastal managers often do not have time to
wait for research outcomes; they must act rapidly, continuously
adapting management plans. Strategies for adapting to climate
change impacts have been extensively reviewed for muddy coasts,
particularly the widespread use of wetlands (mainly mangroves
and salt marshes) for flood defense (Temmerman et al., 2013),
and important lessons can be obtained from analyzing historical

floods (Zhu et al., 2020). In contrast, flood defense strategies on
sandy coasts are few, or at local scale, such as the Sand-engine
in Netherlands (Stive et al., 2013). It is therefore necessary to
have robust practical guidelines that can be easily adapted to meet
changing scenarios and fit into sustainability frameworks for all
types of coasts.

Conventional solutions to protect coastal infrastructure from
erosion and flooding include seawalls, jetties, dikes (Pranzini,
2018), and beach nourishment actions (Hinkel et al., 2013).
Depending on the local conditions, such solutions might be
effective, but they often have unforeseen side-effects, such
as transferring erosion to downdrift shorelines (Bruun, 1995;
Mentaschi et al., 2018) or/and affecting coastal ecosystems
(Peterson and Bishop, 2005; Peterson et al., 2006; Parkinson
and Ogurcak, 2018). In recent years, rather than converting our
coastlines into artificially built environments, a broad variety
of Nature-Based/Green Solutions have been proposed and have
been adopted by various authors and agencies to preserve and
use coastal ecosystems (Temmerman et al., 2013; Nesshover et al.,
2017; Silva et al., 2017).

The aim of this work is to summarize good practices in
beach use and management, and highlight key points that still
need consideration. By revising some relevant examples, we
illustrate these practices for those people who, at whatever level
of influence, can contribute to the proper use and development
of sandy coasts.

TOWARD A NEW VISION FOR SANDY
COASTS

The challenges described above have been discussed for decades.
For example, (Bruun et al, 1957) analyzed the causes of
extensive coastal erosion in Florida and later theorized that sea
level rise was a cause of coastal erosion worldwide (Bruun,
1962). Subsequently, (Bruun, 1972) analyzed the effects of the
most common coastal structures on the physical environment,
highlighting the lessons learned in his “Ten Demands for Coastal
Protection” (Table 1). New information generated since the 70s
demonstrates that some of these precepts must be updated.
For example, the limitations of certain inappropriately used
design tools of that time were soon recognized (Bruun, 1988),
while the effects of extreme events and human activities are
now better understood (Oppenheimer et al., 2019). Effects of
climate variability, such as the El Nifo oscillation (Odériz et al.,
2020), have only recently been better understood, and were not
considered by Bruun (1972).

Bruun’s Demands reflected the increasing environmental
awareness of 1972. At that time, conservation efforts
concentrated on decreasing degradation, restoring habitats
and protecting representative species by excluding humans from
specific areas. The crucial role of connectivity among ecosystems
(Gillis et al., 2014; Magris et al., 2016), different actors and policy
domains were not contemplated. Nevertheless, in spite of all the
shortcomings of Bruun’s demands, if they had been more widely
included in decision-making processes since 1972, the condition
of the coastal environment today would be considerably different.
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TABLE 1 | The ten demands for coastal protection (Bruun, 1972).

. Thou shalt love thy shore and beach
. Thou shalt protect it gainst the evils of erosion

1
2
3. Thou shalt protect it wisely yea, verily and work with nature
4. Thou shalt avoid that nature turns its full fortse gainst ye

5

. Thou shalt plan carefully in thy own interest and in the interest of thine
neighbor

Thou shalt love thy neighbor’s beach as thou lovest thy own beach

N

. Thou shalt not steal thy neighbor’s property, neither shalt thou cause damage
to his property by thy own protection
8. Thou shalt do thy planning in cooperation with thy neighbor and he shalt do it
in cooperation with his neighbor and thus forth and thus forth. So be it
9. Thou shalt maintain what thou has built up

10. Thou shalt show forgiveness for the sins of the past and cover them up in
sand

Indeed, the cumulative damage to the coastal environment
by the inappropriate infrastructure built in the last five decades
is incalculable. This might be due to the fact that coastal
protection design and construction were merely performed from
an anthropic perspective (i.e., solely driven by the safety of
human lives and properties) and generally considered on a
case by case basis, i.e., ignoring integrative approaches and
with insufficient consideration of cumulative effects (Cooper
et al., 2020). Moreover, the performance and impacts of these
schemes were not properly monitored, and were rarely well-
documented, by current standards. For instance, many of the
projects that have been successful are reported very poorly; as
in many areas of knowledge, when a solution works, it is taken
for granted. Similarly, a lack of monitoring actions has prevented
us from determining exactly the negative consequences of
wrongly placed infrastructure. Furthermore, decisions on project
implementation are often governed by investment costs, by a
rapid economic or political return, or by having some visible
results quickly.

Certain processes, such as beach erosion and periodic
flooding, are often seen as a risk for humans. Nevertheless,
these are natural processes and, in fact, coastal ecosystems
depend on them, as pointed out by e.g., Cooper et al. (2020).
In this case, dune erosion provides sediment for beaches
and the nearshore zone, thus allowing the coastline to adjust
to changing conditions and preventing coastal squeeze. In a
similar vein, flooding provides wetlands with fresh sediment
and nutrients. Strategies that only focus on preventing erosion
and flooding, using hard infrastructure, could in the long-term
damage coastal ecosystems by disrupting the dynamics, which
are natural in many soft-sediment habitats. The adverse effects
of protecting the coast through gray infrastructure include the
alteration of habitats, and interruption the natural sedimentary
dynamics (Airoldi and Beck, 2007; Dugan et al., 2011; Dugan
et al., 2018), preventing energy attenuation, inducing coastal
squeeze. But letting human-induced erosion/accretion and
flooding processes evolve freely, without proper management,
system knowledge and long-term monitoring, may have even
more devastating consequences on ecosystems and their
services. Thus, achieving long-term sustainable solutions is

inherently complex and requires intelligent use of state-of-the-
art interdisciplinary knowledge, as reflected in the proposed
ten commandments.

TEN COMMANDMENTS FOR
SUSTAINABLE COASTS

Since Bruun’s Demands were published in 1972, blinkered
coastal management decisions have often been unsuccessful;
environmental degradation continues, and new threats have
arisen. New strategies for coastal protection have shifted toward
Ecosystem-based Management (Arkema et al., 2006; Levin and
Lubchenco, 2008; Granek et al, 2010; Harris et al., 2015;
Fernandino et al, 2018; Silva et al, 2019; O’Higgins et al.,
2020), which recognizes the intra- and inter-connectivity among
ecosystems, (e.g., Gillis et al., 2014, 2017), cross-scale processes,
(e.g., Lithgow et al., 2019), trans-discipline cooperation, (e.g.,
Alexander et al., 2019), science-based decisions, (e.g., Piet et al.,
2019) and community participation, (e.g., Stori et al.,, 2019).
Bruun’s Demands were visionary, in emphasizing both the
dynamics of the shores and their physical inter-connectivity.
Moreover, the concept of working with nature was set in Bruun’s
Demands, although the main objective was still to defend the
coast against the forces of nature, rather than to make use of them.

Since 1972, the knowledge available to decision makers has
greatly evolved, it must now include changes in socio-economic
and climatic systems. This prompted us to revisit the “Ten
Demands,” complementing and updating them to become
“Ten Commandments for Sustainable, Safe and W/Healthier
Sandy Coasts Facing Global Change” (Figure 1). The most
important changes require (i) working in transdisciplinary
teams, (ii) accepting uncertainty and (iii) developing
legislation and governance arrangements that facilitate adaptive
management and increase social-ecological resilience as well
as social justice.

Love Your Coast — You Shall Make Your
Coast a Sustainable Place to Live

Working in transdisciplinary schemes is essential to achieve
sustainable coasts (Arkema et al., 2017; Schoonees et al.,
2019). The results should integrate ecosystem functioning and
connectivity with socio-economic needs to face current and
future demands on coastal and marine resources (Borgstrom
et al,, 2015; Silva et al., 2019).

Whereas this is widely recognized, and lip-service is paid to
it, the main challenge for the coming 50 years is the genuine
implementation of sustainable solutions that produce healthy and
wealthy coastal environments.

Work in Harmony With Nature - You Shall
Further Your Understanding of the
Relationships Between Natural

Resources and Human Welfare
Ecosystems provide services with provisioning, regulating,
supporting and cultural benefits (Costanza et al, 2017).
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FIGURE 1 | Ten commandments for sustainable, safe, and W/Healthier sandy coasts facing global change.

© Love your coast

e Work in harmony with nature

9 Do not steal from future
generations

o Follow up the lessons
learnt wisely

e Use up-to-date knowledge

e Do not copy mindlessly

0 Accept residual risk

() Embrace uncertainty

e Respect your neighbour’s coast

g () Prevent future problems

Mangrove forests, salt marshes, seagrass meadows, coral reefs,
and coastal dunes attenuate the impact of waves, prevent erosion
and provide coastal protection (Koch et al., 2009; Barbier,
2017). This has major management implications. For example,
preserving seagrass and algae foreshores can in some cases
be a viable alternative to repeated (costly) sand nourishment
employed to maintain tropical beaches (James et al., 2019). To
maximize benefits, in addition to preserving, we also need to
find ways of restoring these ecosystems and their services where
they are needed (Bouma et al., 2014). Fortunately, insights in
successful restoration are rapidly progressing (Schotanus et al.,
2020; Temmink et al., 2020).

Many green engineering projects (Silva et al., 2017) mimic
natural functions that provide an ecosystem service. Unlike
traditional gray infrastructure, which considers only socio-
economic and political factors, green infrastructure is multiscale
and based on the concepts of connectivity, multi-functionality
and integration (Davies and Lafortezza, 2017). Also, while gray
actions, such as groins, present a finished “product,” a green
action continues evolving, adapting to changing conditions,
perhaps unforeseen. The feasibility of implementing a green
project depends on the site characteristics (Ruckelshaus et al.,
2016), but there are general trends in the requirements for each
type of green infrastructure (Figure 2).

An important consideration is that while an option with
a greater degree of naturalness requires more time and
space, it is usually cheaper. In critical situations, where
time to act and space available are limited, a less natural
alternative may provide a bridging solution that will need to
be transformed over time. Currently, the success of projects
with a greater degree of naturalness tends to have higher levels
of uncertainty. Therefore, more space or more flexible and
adaptive legislation and governance arrangements, focusing on
sustainability goals, may be required (Garmestani et al., 2019b).
Reducing, or dealing with this uncertainty is the aim of trans-
disciplinary research.

Criteria for design and/or

Coastal green Infrastructure
adaptation of solutions

Degree of
naturalness
Time
Space

- Uncertainty

Enhanced soft
engineering

Enhanced hard
infrastructure

De-engineering

FIGURE 2 | Interaction of the different elements. De-engineering (relocating
landward, or removing, infrastructure) is the only alternative if space is
insufficient to allow for ecosystem processes, the available time for ecosystem
responses is insufficient (too short) and the degree of uncertainty of the
solution must be low.

Do Not Steal From Future Generations -
You Shall Preserve Coastal Ecosystems
and Ecosystem Services by Maintaining

Ecosystem Functioning

Coastal ecosystems provide numerous services to many millions
of people, and failure to maintain them will deprive future
generations of these services. As we cannot know the needs
of future generations, we cannot assume that the engineering
solutions we implement that cause the degradation of natural
ecosystems, will be beneficial to them.
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Preserving ecosystem services requires a holistic approach
(Silva et al,, 2019). Ensuring a balance in the fluxes of energy,
matter and organisms is needed to safeguard the health of
coastal ecosystems. These fluxes are often interconnected (Gillis
et al, 2014, 2017; Graham et al, 2018). Trophic cascades
across ecosystems may bring unexpected outcomes. For example
(Graham et al., 2018) demonstrated how seabirds enhanced
coral productivity when invasive rats were absent from the
Chagos Archipelago. Certainly, we are only beginning to
understand the implications of altering the interconnectivity
across ecosystems, which requires a transdisciplinary focus.
Silva et al., 2020 showed how changes in the health of any of
coastal ecosystems (mangroves, dunes, beaches, seagrass beds,
and corals) generate undesirable consequences in the adjacent
ecosystems by inducing coastal squeeze. These undesirable
changes can have local, regional, or global origin. The authors
also underline that, unlike anthropic change, extreme events and
periods of calm are both important for the renewal and existence
of these ecosystems.

We need to account for evolving socioeconomic demands
and the impacts of human interventions, under the possibility of
sudden dramatic changes induced by extreme events, as well as
for slow changes over a long period (Oumeraci, 2000).

Follow Up the Lessons Learnt Wisely -
You Shall Not Simply Repeat Defense
Schemes From the Past but Build on

Recent Experience
When designing coastal defense strategies, it is crucial to start
afresh, but also to take into account previous knowledge. This
implies the possibility of adapting earlier measures to the unique
characteristics of a new case. For example, the Hondsbossche
sea dike on the northwest coast of the Netherlands successfully
protected reclaimed land from 1880. However, new insights
led not to its reinforcement, but to the building of a 5.5 km
long dune barrier in front of the old dike (2014-2015). This
provided flood protection as well as new recreational space for the
community, and connectivity between two ecologically valuable
and biodiverse back-dune ecosystems (Wittebrood et al., 2018).
Scientists should search for adaptable, timely solutions that
improve on the tried-and-tested, giving better efficiency. This
may involve coupled phases, where a short-term solution is
chosen as an immediate response to decrease risk, followed by
medium- and long-term solutions that enhance overall coastal
resilience in terms of safety, socio-economic and ecological needs.
To do so, fundamental knowledge of the physical, ecological
and socio-economic governance and legal systems is required
(Garmestani et al., 2019a).

Use Up-to-Date Knowledge - You Shall
Protect Your Coast Against Degradation
Using the Latest Advances in Science
and Technology

An ideal coastal diagnosis is based on data of sufficient quality
and quantity. For this, skills, time, and money are required,

meaning that such data are often unavailable and so decisions are
made with the information and knowledge available at that time
(Silva et al., 2019). However, it is vital to invest in extending the
frontiers of our knowledge.

(Jackson et al, 2017) provide an example of how the
identification of problems and dealing with them, has changed
over time at the mouth of the river Tweed, in Australia.
In the 1960s, coastal researchers only collected data for
the target beaches and nearby seabed. A long-term coastal
management plan gradually evolved as decision-makers
gained new understanding of the system. Firstly, they set
up gray measures; from the early 1970s until 2010, erosion
and flooding problems were managed by building more
structures and borrowing offshore sand, and sediments
were transferred to the neighboring beaches. Meanwhile,
monitoring was showing that the problems of the beaches
for surfers and some subaquatic ecosystems, were, in fact,
induced by previously built coastal infrastructure. Subsequently,
they implemented a ground-breaking sand bypass solution,
based on ecosystem management, which has been very
successful, as they have been able to mimic the natural
longshore transport of sediments. This evolving accumulation of
knowledge was the foundation for a new, science-based, solution
to an old problem.

As new methodologies and tools emerge, they can help us
move to a more sustainable use of our coastal areas. Without
investing in science, this solution would not have been conceived
and the required professional specialists would not have emerged.
As a scientific community, we must highlight this kind of
successful examples to coastal managers.

Do Not Copy Mindlessly - You Shall
Assess Your Diagnosis and Choose the
Best Management and Protection

Practices Based on Local Information
A prompt, accurate diagnosis for a particular locality and
situation is vital for coastal problems. One of the peculiarities
of coastal zones is their high dynamics; their variability
in space and time, making local data collection essential.
Using non-local data can lead to diagnostic errors and
cause irreversible loss of ecosystem resilience and services,
even triggering socio-environmental damage. As shown in
Figure 2, the diagnosis must be carried out in a way
that provides sufficient information to successfully meet the
design criteria.

An example of poorly selected coastal protection schemes
is found on the Caribbean coast of Colombia. By 2016,
almost 1,500 hard structures had been installed along this
coastline (Rangel-Buitrago et al, 2018). With no accurate
diagnosis of the erosion problems, the authorities opted to
build groins, based on successful practice elsewhere. However,
almost 90% of the groins did not provide erosion protection,
and simply aggravated the situation, often inducing more
complex problems as the coastline was hardened. With rigid
coastal structures, ecosystems do not have space to evolve.
A wider initial search for other solutions, such as restoring or
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mimicking sand fluxes, may have led to a better alternative
being implemented.

As scientists, we need to publicize the many examples of this
type of coastal disaster, so that decision makers are not pushed
into erroneous strategies by ignorance.

Accept Residual Risk - You Shall Not
Mislead Yourself and Others; A Coastal
Defense Strategy With “Zero Risk” Does
Not Exist, and Never Will

Any coastal defense scheme must be sufficiently resilient to not
place human lives, economic or cultural activities at risk. It must
guarantee resilience over both long periods of calm conditions,
and when faced with rare, extreme events. Oumeraci et al., 2015
showed that uncertainties associated with lack of information
bring higher risks and therefore add to the cost of coastal works.
Whenever explicit knowledge and quantification of uncertainties
from each risk source are unavailable, overly expensive solutions
are needed to safeguard against residual risks. In the face of
climate change, this problem will increase.

As scientists, we should offer coastal management strategies
that are adaptive, based on the availability of money, space
and time. When the interrelated dynamics of a site are better
known, it is more likely that an adequate diagnosis will be made;
less uncertainty will then follow, enabling more reliable, less
expensive solutions to problems. Social approval must be won by
explaining the risks and uncertainties through various types of
community participation.

Embrace Uncertainty - You Shall Learn
From Unpredictable Events in the Past
so as to Be Prepared for the
Unpredictable

The effects induced by previously occurring unpredictable
phenomena, such as hurricanes, tsunamis and landslides, should
be documented as well and as accurately as possible (Silva et al.,
2014, 2016). For example, the 2011 tsunami was generated by
the greatest earthquake ever recorded in Japan. Until then, the
chain of events which followed were unpredictable, causing
infrastructure failures, socioenvironmental and economic
problems (Suppasri et al, 2013). The emergency solutions
developed immediately afterward can be built upon for future
events. Conversely, the reanalysis of the historic dike breaches of
1717 and 1953 in NW Europe inspired novel and improved flood
protection schemes based on natural coastal defense functions
(Zhu et al., 2020).

Human interference in the natural flows of the planet can
also create unforeseen events. For example, the massive arrival
of pelagic sargassum onto the coasts of Africa and the Greater
Caribbean from 2011 onward, has brought unforeseen, far-
reaching negative consequences on the environment (e.g., death
of seagrass, mangroves and corals, loss of beach sediments),
as well as socio-economic problems (Johnson et al., 2013; van
Tussenbroek et al,, 2017; Wang et al, 2019; Chévez et al,
2020). Whenever an unpredictable event occurs, it should be

seen as an opportunity for learning; to prepare for what may
come in the future.

Respect Your Neighbor’s Coast - You
Shall Consider Interactions Beyond the
Local Scale, so as Not to Harm Other
Areas by Your Actions

There are numerous cases of coastal structures which induce
erosion problems on adjacent beaches (Silva et al., 2014). In
essence all protective structures transfer the erosion along the
shoreline. The extent of the downdrift erosion depends on
the amount of sediment retained and/or diverted offshore by
the structure, which in turn depends on the type, size and
protrusion of that structure, and also on the length of the
shoreline it stabilizes. Because of this, some form of regulation
must be in place to holistically protect all coastal areas and the
people who live there.

This connectivity is seen when we look back at the protection
works around the mouth of the river Tweed, Australia. The
19th century seawalls, built to aid navigation, altered sediment
dynamics and erosion processes began to be observed on
downdrift beaches. Extreme storms in 1967 produced serious
damage to infrastructure on those beaches, devastating the tourist
economy. The sand bypass scheme subsequently implemented
keeps the river mouth clear of sand and allows longshore
sediment transport to continue to feed the neighboring beaches
(Jackson et al., 2017).

Coastal plans need to acknowledge the wider implications
of local actions; how local socio-economic conditions could be
affected, whether legislation could avoid shifting the problems
elsewhere, and whether appropriate governance conditions
are in place. Some academics argue that projects are often
designed mainly to increase property values and that they
displace already marginalized inhabitants, see Liao (2019). It
is generally true that the increasing number and severity of
natural events in coastal regions disproportionately affect the
most impoverished people (Chaplin-Kramer et al., 2019). In this
context, green infrastructure projects can promote social justice
and equity by protecting communities located in high-risk areas
(Ruckelshaus et al., 2020) and recovering the hydrosedimentary
fluxes that may have been interrupted to protect a specific
“valuable” area, and that are causing erosion and subsidence to
downdrift communities.

Given the still-open fundamental questions concerning the
Human-Nature relationship, the controversial notions of justice,
in general, and environmental justice, in particular, remain
crucial for any development aiming for safe, wealthy and healthy
coasts. As environmental justice is not limited to any one
disciplinary tradition, a discursive forum is needed for broader,
more targeted debates, involving contributors from natural
sciences, social sciences, humanities, public administration,
industry, and other stakeholders. Such debate might include
reformulating the perceptions and principles of justice for coastal
communities, and elaborating guidance for environmentally just,
safe, wealthy and healthy coasts facing global change. Some of the
open issues awaiting clarification in such debate are:
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TABLE 2 | Ten commandments for sustainable, safe, and W/Healthy sandy coasts facing global change.

. Love your coast — You shall make your coast a sustainable place to live

. Work in harmony with nature — You shall further your understanding of the relationships between natural resources and human welfare

. Do not steal from future generations — You shall preserve coastal ecosystems and ecosystem services by maintaining ecosystem functioning

. Follow up the lessons learnt wisely — You shall not simply repeat defense schemes from the past, but build on recent experiences

. Use up-to-date knowledge — You shall protect your coast against degradation using the latest advances in science and technology

. Accept residual risk — You shall not mislead yourself and others; a coastal defense strategy with “zero risk” does not exist, and never will

. Embrace uncertainty — You shall learn from unpredictable events in the past so as to be prepared for the unpredictable

. Respect your neighbor’s coast — You shall consider interactions beyond the local scale, so as not to harm other areas by your actions

1
2
3
4
5
6. Do not copy mindlessly — You shall assess your diagnosis and choose the best management and protection practices based on local information
7
8
9
1

0. Prevent future problems — You shall monitor the performance of your defense schemes, because coastal protection is a perpetual process

(i) Differences in the perception of the value of biophysical
ecosystems, and particularly of the less tangible cultural
ecosystem services (Lau et al., 2019; Smart et al., 2021);

(ii) The dynamic relationship between “safe” and “just”

based on the three dimensions of justice: Distributional,

procedural, and recognitional (Lau et al., 2021);

The boundaries of socio-economic and ecological

sustainability;

Justice criteria in the local context and justice metrics for

comparative studies at a community level.

(iii)
(iv)

Frameworks for such debates might be provided by the various
environmental governance theories reviewed and analyzed by
Partelow et al. (2020) or the visual framework for “safe and just
spaces” provided by Raworth (2012).

Prevent Future Problems - You Shall
Monitor the Performance of Your
Defense Schemes, Because Coastal

Protection Is a Perpetual Process
Infrastructure designed for coastal protection should only be
built when local diagnosis demonstrates that it is necessary.
Before and after the installation of any coastal work, monitoring
is essential, using the best techniques available. These should
include emerging technologies, such as autonomous operated
vehicles, satellite sensing, drones, inexpensive sensors and
mobile-phone technologies.

Erosion on the long sandy beach at Newbiggin-by-the-Sea,
England, was reduced by a substantial seawall, built in 1877,
and subsequently enlarged and renovated. In 2002, monitoring
showed that the toe of the seawall had become exposed and it
was being undermined; the beach was again at risk. In 2007, a
costly sand nourishment project took place, complemented by the
construction of an offshore breakwater in the center of the bay. In
2008, a build-up of sand was recorded in the lee of the breakwater,
as a tombolo. Monitoring showed that windblown sand was
causing problems; the lifeboat station and fishing port had
difficulty launching vessels, recreational infrastructure was being
buried and a rocky shore platform, previously used for feeding by
migrating birds, was now smothered by sand. In 2011, remedial
action was implemented; sand from the areas of accretion was
used to nourish areas of erosion (Cooper et al., 2019).

To generate flexible plans, ongoing monitoring and updating
are crucial, biophysical, economic and social components. An
appropriate response to accurate monitoring determines the
success, or failure, of any coastal project. It would therefore be
prudent to compel coastal managers to continue monitoring after
the installation of any project, since changes in conditions are
inherent to all coastal areas.

With reliable information and widespread continuous
monitoring, local actions may contribute to mitigating processes
associated with climate change. In light of new data, adapted
infrastructures must be congruent with natural cycles.

CONCLUDING COMMENTS

Although the unique biodiversity and ecological functions of
beaches are increasingly acknowledged, recognition of their
relevance still lags far behind that of other coastal habitats, such
as reefs and wetlands. The connectivity between sandy shores
and other marine and terrestrial ecosystems is largely missing
from coastal management actions (James et al., 2019 #67). This
is particularly important with regard to terrigenous and biogenic
sand supply, but also applies to organic matter inputs and
other fluxes. In this sense, coastal management should consider
structures in rivers, streams and coastal areas, which affect how
much sediment reaches the coast.

In the face of the unprecedented challenges associated
with global climate change, the need to make sandy coasts
more sustainable, safer and wealthier is growing. Reducing the
detrimental effects of the unsustainable use of coastal zones is
vital to avoid disrupting ecosystem connectivity and prevent
reaching points of no return in their functioning. The ever
growing, cumulative impacts on the natural environment of
anthropic interventions, such as “coastal armoring,” are the main
drivers of these imbalances.

More adaptive solutions are required to counter the huge
uncertainties in predicting climate change consequences and the
evolution of the socio-economic conditions in coastal zones. The
need of adaptive solutions coincides with recent diverse advances
in (i) green based approaches, which focus on continuous
assessment and adaptation rather than on fixed solutions
and end-state blueprints; (ii) ongoing systematic monitoring,
databases, analysis and updating strategies and tools, and; (iii)
integrated socioecological analyses and modeling.
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Despite the widespread, increasing perception of the relevance
of nature-based/green solutions resulting from scientific
publications, government programs and the media, the use
of conventional protective structures (e.g., seadikes, seawalls,
revetments, groins, and detached breakwaters) around the world
is, in fact, expected to increase. While these “hard” solutions
are seen as being coastal armoring, with adverse effects on
sediment transport and coastal morphology as well as on cultural
and other types of ecosystem services, they are undeniably the
most efficient against severe damage. They are also the strategy
offering the “most predictable levels of safety against coastal
extremes” (Vousdoukas et al, 2020a). This consideration is
a particularly determinant factor in urban areas where softer
alternative solutions for managing coastal erosion and floods are
not feasible. In such cases, the negative ecological impacts may
be reduced by implementing hybrid approaches that combine
innovative hard structures (existing and/or new) with biotic
components to enhance them ecologically.

There are still various challenges that need to be met
for the practical, widespread implementation of sustainable
infrastructure on the coast: improvements in biophysical
knowledge, to achieve robust schemes, concepts, tools and
techniques; consistent frameworks and guidance for sustainable
and just coastal environments; detailed guidelines and standards
for the implementation of solutions and; effective institutional
bases for legislation and regulation. The biggest challenge,
however, is to ensure that all those involved in decision making
processes affecting the coastal zone are aware of the importance
of the ecosystems there for human beings.

The ten Commandments proposed are considered a modest
contribution in this direction. Table 2 presents the updated
version of Bruun’s “Ten Demands for Coastal Protection.” With
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