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Abstract

Infrastructure is necessary to protect and provide the goods and services required by humans. As coastal green
infrastructure (CGI) aims to respect and work with natural processes, it is a feasible response to mitigate or avoid
the consequences of coastal squeeze. The concept of CGI is receiving increased attention of late due to the
challenges facing us, such as climate change, population growth and the overexploitation of natural resources on
the coast. Terms which may be applied to encourage the construction of infrastructure, or to minimize the
responsibility for poorly made decisions, often induce misunderstanding. In this paper, the concept of CGI and its
use in solving coastal problems is reordered. Four categories are proposed, according to the degree of naturalness
of the project: Nature reclamation, Engineered ecosystems, Ecologically enhanced engineering, and De-
engineering/Relocation. Existing coastal risk evaluation frameworks can be used to design many types of CGI. Key
concepts, challenges and good practices for the holistic management of coastal squeeze are presented from the
analysis of successful and unsuccessful CGI projects worldwide.

Keywords: Green infrastructure, Solutions based on morphodynamics, Nature-based solutions, Coastal risk
mitigation, Coastal infrastructure criteria

Introduction
Living near any coast has always been challenging, due
to occasional events such as storms and floods. Notwith-
standing, from earliest times, many communities have
settled in coastal zones and have flourished in this ever-
changing environment. The services provided by the
coastal ecosystems [1], and the capacity of humans for
adaption to the rich but harsh environment through cre-
ative strategies, often outweigh the inherent disadvan-
tages of coastal areas. However, accumulative human
activities and increasing urban expansion in coastal
zones have often resulted in substantial unforeseen and
unintended environmental impacts that threaten human
well-being. As far back as 1864, the impact of human ac-
tions on nature and humanity were first analysed in
“Man and Nature” by George Perkins Marsh [2]. In this
comprehensive work, a range of actions are suggested to

handle various forms of environmental degradation, and
the importance of impact awareness is underlined as a
means of recovering natural resources that had been
lost. Despite criticism of its anthropocentric perspective,
this seminal text raised public awareness of how such
consequences are ever-present and intertwined. Nature
protection policies worldwide were affected by Marsh,
and it substantially shaped twentieth century thinking
on environmental management [3].
Natural climate cycles of calms and storms, continu-

ous geological processes and environmental particular-
ities all play a part in the evolution of coastal ecosystems
[4]. However, such conditions may not be ideal for chan-
ging human requirements, leading to remedial actions
and the construction of inadequate infrastructure [5].
The unsustainable use of natural resources has in-

creasingly been found to produce consequences which
negatively affect the interests of humans. These effects
often trigger “coastal squeeze”, a term defined and dis-
cussed by several authors (e.g. [6–12]), where sea level
rise and urbanization (e.g. hard defence structures) have

© The Author(s). 2021 Open Access This article is licensed under a Creative Commons Attribution 4.0 International License,
which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if
changes were made. The images or other third party material in this article are included in the article's Creative Commons
licence, unless indicated otherwise in a credit line to the material. If material is not included in the article's Creative Commons
licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

* Correspondence: rsilvac@iingen.unam.mx
1Instituto de Ingeniería, Universidad Nacional Autónoma de México, Edificio
17, Ciudad Universitaria, 04510 Mexico City, Mexico
Full list of author information is available at the end of the article

Journal of Infrastructure
Preservation and Resilience

Chávez et al. Journal of Infrastructure Preservation and Resilience             (2021) 2:7 
https://doi.org/10.1186/s43065-021-00026-1

http://crossmark.crossref.org/dialog/?doi=10.1186/s43065-021-00026-1&domain=pdf
http://orcid.org/0000-0003-0064-9558
http://creativecommons.org/licenses/by/4.0/
mailto:rsilvac@iingen.unam.mx


been identified as the cause of the reduction of the
land/sea space in coastal areas, such as saltmarshes
and beaches, inducing a lack of ecosystems ability to
migrate and naturally adapt. Silva et al. [13] present
a revision of this concept and propose a more com-
prehensive definition where coastal squeeze is seen
as “local, regional, or global anthropic processes, in-
ducing changes with long-term (chronic) negative con-
sequences, which do not allow coastal ecosystems to
adapt to global climate change”. In contrast to previ-
ous works, this definition highlights that land use
and human activities near the coast and further
away, such as in the upper areas of river basins
(agriculture, aquaculture, dams, urbanization), have
environmental consequences in different scales of time
and space. These processes modify the fluxes of en-
ergy and mass, leading to changes in hydrosedimen-
tary and nutrient patterns. In turn, these changes
may then induce coastal flooding and erosion, eco-
system loss (including beaches, saltmarshes, seagrass
meadows, coral reefs, mangroves, etc.), economic cri-
ses and damage to infrastructure, implying consider-
able cost in terms of protecting the services and the
quality of life of coastal communities.
Coastal management based on the morphody-

namics of nature must take prevention, mitigation,
and adaptation as core tasks. Some of these mea-
sures may include embracing local indigenous know-
ledge that has been previously tried and tested, as
well as science-based information that has been re-
cently developed. For example, both drought and
flooding are common in coastal areas, and different
civilizations have solved these threats in a variety of
ways. In the first case, the inhabitants of Pacific
atolls build pits, lined with vegetation, to reduce
evaporation and create a microhabitat to grow food

and medicinal plants [14]. At the other extreme,
communities in southwest Bangladesh had, for gen-
erations, built temporary embankments to protect
their crops from saline intrusion during the dry sea-
son, dismantling them during the Monsoons, to
allow flooding and fertilization. In the 1960s, several
dams were built upriver, increasing crop production
but also inducing silting, congesting the drainage
system and causing permanent flooding of the crops.
The traditional measures were retaken after it was
shown that an increased desire for protection can
actually add to coastal risk, when system connectiv-
ity is not considered [15]. Connectivity refers to the
movement of biotic (e.g. plants, animals) and abiotic
(e.g. water, sediment, nutrients, etc.) elements that
link populations, food webs and ecosystems across
coastal and seascapes [16–21]. In recent years, there
have been many attempts to write guidelines that in-
corporate natural processes into the design and im-
plementation of solutions for coastal problems
(Fig. 1).
One of the great challenges facing us today is how we

use the environment, whether for the exploitation of re-
sources or for the protection of human interests. To as-
sist decision makers whose job it is to ensure the best
use of the environment, this paper aims to present strat-
egies, rather than offer generalised prescriptions. Conse-
quently, the manuscript is organised as follows: first,
some key concepts that define green infrastructure are
presented along with how this can mitigate or avoid
coastal squeeze. Then, cases which illustrate the success-
ful implementation of green infrastructure are described,
from details published in the specialised literature. Fi-
nally, some challenges, examples of good practice, as
well as factors that determine green infrastructure suc-
cess are outlined.

Fig. 1 Recent guidelines for recovering, imitating, and connecting natural processes to solve anthropic coastal problems (modified from [22, 23])
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Definition and classification of coastal green
infrastructure
The rise in popularity of green infrastructure in eco-
logical, socioeconomic, and holistic contexts has trig-
gered debates about the need for a common definition.
However, after a thorough analysis of the origins, ratio-
nales, and semantic content of the different meanings,
Seiwert and Rößler [24] found that a single definition is
not wide enough. The authors suggest considering green
infrastructure as an umbrella term with common basic
principles that reflect the diverse needs and contexts in
different environments. After all, despite the differences
between the definitions, most of them include multiple
goals with ecosystem services as cornerstones as Nature-
based Solutions, promoted by the IUCN [23, 25], to ad-
dress societal and biodiversity challenges. Most authors
who have implemented green infrastructure projects in
coastal areas define it as a strategically managed,
spatially interconnected network of multifunctional fea-
tures that deliver ecosystem services [26–32]. For ex-
ample, Silva et al. [27] recognized that green
infrastructure is a series of natural, semi-natural or arti-
ficial multifunctional strategies to solve ecological and
socioeconomic challenges simultaneously. However,
these authors highlighted a) the importance of spatio-
temporal connectivity, b) the possibility of successive

interventions based on local resources to gradually in-
crease the degree of naturalness without jeopardizing
communities’ vulnerability and c) benefit from windows
of opportunity. These criteria include the explicit recog-
nition of design failures, their correction and the possi-
bility that no infrastructure is needed.
The main attributes of coastal green infrastructure

(CGI) are the involvement of multi-scale processes, the
recovery or maintenance of the natural connectivity of
mass and energy fluxes, and the inclusion of local people
in the management of their environment (see Table 1).
Therefore, conservation, restoration, and rehabilitation
actions are included in CGI schemes. In this context,
conservation actions focus on protecting interconnected
ecosystems from degradation and increasing their adap-
tation capacity to global changes [40, 41]. Restoration
actions aim to recover the natural trajectories of the eco-
systems [42] when the perturbations have not broken
their capacity to recover permanently. In turn, rehabili-
tation actions focus on severely damaged ecosystems
where the previous state cannot be recovered, although
vital ecosystem services for local human communities
can be [43]. Accordingly, green infrastructure aims to
avoid the control of ecosystem dynamics that result in
their isolation, by using soft and/or hard infrastructure
as protective measures (see Table 1).

Table 1 Clarification of concepts used in coastal green infrastructure

Concept Definition Notes

Hard infrastructure
or hard engineering
structure

Inflexible/rigid structures constructed both cross and
longshore, for coastal protection (e.g. groins, seawalls and
breakwaters) [33, 34]

In nature, not all systems work as flexible systems. There are
inflexible “hard” systems (e.g., cliffs, reefs) and others that are
very flexible or “soft” (e.g., sandy beaches, wetlands).
Depending on the benefits of constructing the infrastructure,
it can be categorized as grey or green infrastructure.Soft infrastructure or

soft engineering
structure

Flexible constructions for coastal protection that aims to work
with nature and enhance the habitat: depending on their
intensity, frequency and persistence, drivers (e.g., wind, waves
and runoff) modify the form and position of the structure at
different scales of time and space (e.g. beach nourishments,
artificial dune construction and saltmarsh creation) [35, 36].

Grey infrastructure Traditional engineering infrastructure for coastal protection
focused on controlling a physical factor that threatens human
interests (i.e. seawalls and dikes). Also known as structural
measures, ecosystem degradation is usually a consequence of
this type of infrastructure [37, 38].

Both grey and green infrastructure aim to solve a problem
related to human interests.
Grey and green infrastructure concepts are often taken to be
hard/soft solutions. However, green infrastructure is not
necessarily synonymous with soft solutions, nor are rigid
solutions synonymous with grey actions.

Green infrastructure Multifunctional constructions for coastal protection, based on
the conservation of the connectivity of the ecosystem, and the
energy and mass fluxes [27].

Hybrid alternative Combines natural and built infrastructure (see [39]). Similarly,
green hybrid projects include infrastructure with different
levels of naturalness.

Adaptive solution The inclusion of green infrastructure (unique or hybrid
alternative) following a monitoring program; adapting the
solution, based on evidence of its performance, allows
movement from one stage to the next, forward, or backward,
if necessary [22]. This type of solution can be implemented
using a three-step process, as shown in Fig. 2. The range of
possible actions must include the dismantling of the infrastruc-
ture and ensuring economic activities are at a tolerable level
for ecosystem balances.

When we speak of adaptive solutions, we assume that some
degree of flexibility similar to that of a natural system is
mimicked.
This can be naturally self-adaptive in certain conditions, or be
adapted by humans over time.

Chávez et al. Journal of Infrastructure Preservation and Resilience             (2021) 2:7 Page 3 of 12



Using green infrastructure to satisfy human interests
on the coast requires the involvement of several disci-
plines (physical, ecological, social, economic, etc.), the
complexity of which could discourage its use. Figure 3
shows initial steps that would facilitate the initial deci-
sion making. Firstly, evaluations are needed to determine
whether the resilience of the system has been affected,
i.e. if its socio-ecological capacity to recover, learn and
adapt after the disturbance had modified the structure
and functions of the system [44–49]. The degree of the
loss of resilience will determine whether traditional eco-
logical restoration (passive or active) is a feasible alterna-
tive for protection. The second step is to identify the
availability of biotic elements (e.g., plant propagules
needed to recover dune vegetation on nearby dunes or
in greenhouses) and abiotic elements (e.g., sediment).
The feasibility of recuperating abiotic elements deter-
mines whether a green infrastructure plan is viable, or if
an alternative, such as traditional infrastructure, is
needed until the stressors are controlled. Thirdly, envir-
onmental and infrastructure assets must be evaluated, as
well as the natural processes that are at risk, as well as
what losses exist, and must be paid for. After these steps
it will be clearer whether a green infrastructure project
is needed, and its technical feasibility. The next stage is
to select the most suitable type. Using these criteria, the
selection of green infrastructure is then focused on solv-
ing a situation that threatens human interests, but

includes other objectives, such as the recovery of a range
of ecosystem services and ecological connectivity.
Green infrastructure has gained importance in the

international arena because it is widely seen as a solution
that responds to economic, social and developmental de-
mands while ensuring ecosystem functioning. It is an ap-
propriate tool for balancing the natural functioning of
ecosystems and reducing the risks for human interests.
Coastal green infrastructure can be classified according
to its level of naturalness. Silva et al. [27], propose five
types of green infrastructure: Nature-based, Engineered
ecosystems, Soft engineering, Ecologically enhanced hard
infrastructure, and De-engineering. In this classification,
the engineering solutions are grouped as one type, rather
than being separated into soft and hard structures, given
that traditional engineering includes both types of struc-
tures. On the other hand, the first type of this classifica-
tion (Nature-based) might be confused with the concept
of Nature-based Solutions, so it was renamed as Nature
reclamation [23, 50]. For these reasons, four types of
coastal green infrastructure are proposed, as shown in
Table 2.
The decision of which type of green infrastructure can

be deployed must involve the evaluation of local charac-
teristics, including the time and space available, and
costs (total investment during its useful life), as well as
the allowable uncertainties of the response of the coastal
environment and the local economy [51]. Table 2 shows
that solutions with a greater degree of naturalness, such

Table 2 Types of coastal green infrastructure

Types Definition Examples Local
characteristics
Maximum:
✓✓✓✓
Minimum: ✓

Type 1
Nature
reclamation

Habitat conservation and restoration are viable and may be
accompanied by other measures to increase ecosystems’ ecological
health and resilience.

Coastal dune restoration Degree of
naturalness:
✓✓✓✓
Space: ✓✓✓✓
Time: ✓✓✓✓
Cost: ✓

Type 2
Engineered
ecosystems

Ecosystems are rehabilitated to recover critical services without
reaching the complexity level of natural systems. Natural processes are
allowed to modify ecosystems to a certain degree to return the system
to a more natural form.

Action to allow windows of
opportunities for flora and fauna
recovery

Degree of
naturalness:
✓✓✓
Space: ✓✓✓
Time: ✓✓✓
Cost: ✓✓

Type 3
Ecologically
enhanced
engineering

Traditional hard and/or soft engineering measures are modified to
change physical processes, perhaps indirectly producing certain
benefits from the natural processes that are maintained or adapted in
imitation of natural ecosystems.

Beach nourishments, artificial coral reefs. Degree of
naturalness:
✓✓
Space: ✓✓
Time: ✓✓
Cost: ✓✓✓

Type 4
De-engineering/
Relocation

De-engineering means that hard and/or soft coastal structures are
removed to recover the system and move towards more natural
functioning. These actions are often accompanied by the relocation of
human interests to more convenient sites and conditions.

Removal of coastal defence structures,
retreat of tourist infrastructure (e.g.
restaurants)

Degree of
naturalness: ✓
Space: ✓
Time: ✓
Cost: ✓✓✓✓

Chávez et al. Journal of Infrastructure Preservation and Resilience             (2021) 2:7 Page 4 of 12



as “Nature reclamation” and “Engineered ecosystems”,
require more time and space, and are associated with
more uncertainty. However, those alternatives are usu-
ally more affordable in the short-term because local ma-
terials are used, and convenient in the long-term
because such projects are naturally self-adaptive with
fewer maintenance costs associated. In contrast, where
the time and space available to act are limited, and un-
certainty levels cannot be very high, as in “Ecologically
enhanced engineering” and “De-engineering/Relocation”
options, the alternatives available have a lower degree of
naturalness and a higher economic cost. Of course, some
de-engineering and relocation projects are designed to
deal with emergency situations in a short time frame
and, when the situation and the main stress factors are
successfully controlled, complementary solutions with a
higher degree of naturalness can be implemented. Per-
haps, the conditions for an “Ecosystem engineered” or
even a “Nature reclamation” project can be achieved in
the medium or long-term.
The selection of the optimal green infrastructure alter-

native requires an adequate diagnosis for a given site,
and this depends on having the necessary information
for the analysis. Silva et al. [52, 53], classified the param-
eters for the diagnosis as ecological, geomorphological,
geological, climatic, socioeconomic and legal. The indi-
cators and spatial-temporal domains will depend on
local conditions, risk and time available for action. The
information is not always complete nor accurate. It may
be ideal to have acceptable or the minimum indispens-
able data. However, these data availability ranges can be
considered in choosing an adaptive solution (Fig. 2) that
will change in time as information of a better quality be-
comes available through the monitoring of the project.
For example, as Balke et al. proposed [54] to achieve
successful vegetation recovery, windows of opportunity
(WoO) must be identified. These authors defined WoO
as “disturbance-free periods of a critical minimal dur-
ation directly following potential diaspore dispersal,

which allow seedling establishment and can induce a
sudden shift to a new persistent vegetation cover”. This
concept applies to all green infrastructure types de-
scribed in Fig. 4, but mainly to natural or soft solutions
where drivers, such as energetic waves and wind or ex-
treme events, might compromise the solution success.
For a degraded system, the criteria to include in the

selection process are economic, as well as biotic and abi-
otic elements (e.g. local vegetation and sediment avail-
ability). Depending on the urgency or the associated
risks, remedial actions can be oriented towards contain-
ment of the problem if time, information, and resources
are scarce, as shown in Fig. 4. In cases where more time
and resources are available, stabilisation measures are
possible, and when there is a long-term vision, the level
of information is adequate and resources are sufficient
and guaranteed, recovery measures are feasible. A hybrid
type of green infrastructure may be selected, i.e. a com-
bination of alternatives employed at the same time or in
cascade. The term “Neutralise” used in Fig. 4 implies
that ecosystem functions can be restored or mimicked
to recover the flows of mass and energy that would have
existed naturally.

Use of CGI to mitigate coastal squeeze
The proposed CGI classification included in the CGI de-
cision tree (Fig. 4.) offers a tool to implement green in-
frastructure projects using the principles proposed in the
guidelines for recovering, imitating, and connecting nat-
ural processes to solve anthropic coastal problems (Fig.
1). Also, this classification could be helpful to different
coastal risk mitigation frameworks, such as the Driver-
Pressure-State-Impact-Response (DPSIR) [55] or the
Drivers-Exchanges-State of the environment-
Consequences-Responses (DESCR) [13].
In a recent paper analysing the DESCR framework,

Silva et al. [13] showed how this framework could be di-
vided in two cycles (DES and CR) and applied to deter-
mine the degree of coastal squeeze in a specific area. In

Fig. 2 Three steps in the implementation of adaptive solutions
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this approach, the DES cycle (Driver-Pressure-State) ex-
amines the dynamics and the elements affecting the eco-
systems of a coastal unit while the CR cycle
(Consequences-Responses) identifies possible actions
(Responses) needed to mitigate coastal risks (Conse-
quences). As part of this CR cycle, coastal green infra-
structure classification could be a tool to select the
“Responses” if the projects focus on recovering ecosys-
tem resilience by controlling stress factors; adapting
existing solutions to new scenarios while providing co-
benefits and; increasing the capacity of local communi-
ties to adapt to coastal squeeze consequences.
Three case studies are presented below, which describe

the successful implementation of green solutions. The
first example is from Mexico, where an area impacted by
unplanned tourism development was readapted to

increase the project’s sustainability. The second case de-
scribes the mimicry of natural sediment transport on a
beach in the USA. The last example details a range of
green adaptive measures carried out to recover salt-
marshes at a site of high ecological and cultural value in
the UK.

An engineered ecosystem (type 2 of CGI) at Mayakoba,
on the Mexican Caribbean
The growth of unplanned infrastructure in coastal areas
is one of the leading causes of coastal squeeze worldwide
and common in the Mexican Caribbean top touristic
places [56], where a hotel lessened this phenomenon
using green infrastructure [57].
The 200 plus hectare Mayakoba Tourist Development

on the Mexican Caribbean contains a range of

Fig. 3 Evaluating the need for, and feasibility of, a coastal green infrastructure project

Fig. 4 Single or combined (hybrid) coastal green infrastructure options for a degraded system (modified from [50])
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ecosystems: rainforest, mangrove wetland, dunes, beach
and coral reefs. Wetlands, in particular, were in poor
condition as a result of previous tourist developments
that had restricted the surface water and groundwater
fluxes. Due to the economic interests associated with
tourism development in the area, the recovery of natural
flows was not an option. However, the mangrove area
was rehabilitated trough an extensive system of channels
to recover its ecological value and hedonic ecosystem
services, such as providing visitors with the possibility to
enjoy aquatic landscapes.

This project is an example of an “Engineered ecosys-
tem” according to the CGI classification (Fig. 4), even
though it was begun over 20 years ago. Time was avail-
able, the sources of coastal squeeze could be neutralized,
the space for the project was obtained, and local re-
sources were accessible, therefore an “Engineered eco-
system” was possible, see Fig. 4. The water fluxes were
restored, and the mangrove forest was recovered, thus
increasing the ecological and touristic value of the site.
Indeed, it has recently been reported that this conserved
mangrove area serves as a nesting site for 5 aquatic bird

Fig. 5 a Drivers, Exchanges, State of the environment, Consequences and Responses in a mangrove forest on the Mexican Caribbean. b The
mangrove wetland was rehabilitated recovering the water fluxes with artificial channels. (Photos by Rodolfo Silva and Mayakoba)

Fig. 6 a Drivers, Exchanges, State of the environment, Consequences and Responses on a beach in the USA. b Due to chronic erosion,
intervention took place on North Reach beach. Image modified from Google Earth
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species [58]. Figure 5 shows the interaction of elements
for this case within the DESCR framework.

A hybrid case: ecologically enhanced engineering (type 3
of CGI) actions in Florida, USA
North Reach beach, in Brevard County, Florida, has seen
a series of management actions to alleviate chronic
beach erosion. These beach nourishments and sand by-
passes are hybrid schemes of Ecologically enhanced soft
engineering [59].
North Reach beach is sheltered to the north by

Cape Canaveral and has a net sediment transport
from north to south (see Fig. 6). In 1954, the con-
struction of Port Canaveral altered sediment transport
patterns in the area, reducing the sediment available

for the beach and inducing high rates of beach ero-
sion at North Reach. Beach nourishment projects
started in 1972. However, by 1993 the situation had
worsened, and so the episodic Canaveral Harbor Sand
Bypass Project was implemented, designed to transfer
486,000 cubic metres of sediment from the north to
the south of the port every 6 years. Additionally, the
North Reach Shore Protection Project began in 2000,
authorizing periodic nourishment of the beach for the
next 50 years. While 7.8 × 106 m3 of sediment were
placed from 1972 to 2010 [59], leading to a change in
the beach state, the chronic erosion prevails. Other
adaptive solutions are being implemented as a part of
the efforts to mitigate the coastal squeeze in the
southern part of the beach.

Fig. 7 Drivers, Exchanges, State of the environment, Consequences and Responses in a saltmarsh area in the UK. Intervention took place due to
erosion and flooding

Fig. 8 Factors that determine the success of a coastal green infrastructure project
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A hybrid case: De-engineering/relocation and an
engineered ecosystem (types 2 and 4 of CGI) in the
Blackwater estuary, England
An example of a long-term strategy that includes differ-
ent types of green infrastructure is seen in the recovery
of saltmarshes at Northey Island, in Essex, England [60],
an important area from conservation, scientific and heri-
tage standpoints.
Erosive processes associated with the rising sea levels

and sea surges in the estuary had repeatedly breached
the flood embankments around the island, resulting in
their abandonment 100 years ago, and increased the ero-
sion of the saltmarshes on the seaward side of the em-
bankment. In addition, behind the remnants of the
embankments, 90 ha of saltmarsh was being affected by
the effects of frequent overtopping. In an attempt to
open the enclosed land behind the embankments and
thus control the consequences of an inevitable failure of
the outdated protective structures, in 1991 England’s
first ‘Managed Realignment’ took place.
Later, in another phase of this hybrid approach of

Coastal Adaptation Strategy, fine estuarine sediment was
used to elevate some of the existing saltmarsh, which
improved the health of the ecosystem. The establish-
ment of native saltmarsh plant species, previously re-
corded only in the conservation areas, was subsequently
recorded. In addition, the changes in the topography of
the saltmarsh have led to a partial recovery of local sedi-
mentary fluxes, which has helped to control the course
of the main channels and mitigate coastal squeeze
processes.
Even CGI projects classified as “De-engineering/Re-

location” must include a phase in which an “Engineered
ecosystem” allows modifications of the topography in
the short-term to provide the conditions necessary for
the long-term relocation of infrastructure. In this case,
removing part of the embankment enabled the develop-
ment of the saltmarsh and the “ecotone” to grassland
ecosystem, which has allowed them to adapt to climate
change by migrating inland, up-slope, over time (Fig. 7).
The path for this type of hybrid alternative can be seen
in Fig. 4: there was limited time available, and at first,
the sources could not be neutralized. This led to “De-en-
gineering/Relocation”. Later, once space was gained and
local resources were available, an “Engineered ecosys-
tem” was implemented.

Coastal green infrastructure: deployment
challenges and good practice
Decision-makers need to be able to identify when and
where green infrastructure projects can be implemented.
This evaluation is only possible if there has been an ac-
curate diagnostic procedure. Since CGI includes ele-
ments from several spheres: physical, ecological, social

and economic, the successful implementation of a CGI
project has many challenges, of which one of the great-
est is uncertainty. One of the obstacles that could hinder
willingness to invest in these projects is that the factors
that increase the chances of success are relatively un-
known. These uncertainties are especially relevant when
CGI is proposed as an alternative to deal with phenom-
ena such as coastal squeeze, since, by definition, infra-
structure and other human interests will be at risk.
However, a well-managed green infrastructure project
will achieve its objectives and recover costs through the
additional ecosystem services it supplies.
Through a literature review, the experience of the au-

thors and a series of interviews with engineers and ecol-
ogists who are experts on green infrastructure
implementation [53], eight core factors were identified
that seem to determine the success or failure of a project
(Fig. 8). In all eight of the steps shown in Fig. 8, moni-
toring is critical. Consequently, the generation of useful
information from monitoring, updating of monitoring
techniques and access to the results of monitoring is es-
sential. Also, active communication among scientists,
decision-makers and policymakers is needed. Local
stakeholders should also be engaged throughout the pro-
ject and contribute to the co-design, co-implementation,
and co-monitoring processes.

Conclusions
From the time the term “green infrastructure” was intro-
duced to the emergence of other terms such as “ecosys-
tem-based solutions”, there have been distortions or
misunderstandings of these concepts. However, these
frameworks are the best we have for dealing with the
challenges of protecting long-term human interests. Al-
though the approach of green infrastructure is funda-
mentally anthropocentric, it is recognised that when
humans affect nature negatively, this not only has ethical
implications, but also repercussions on human well-
being. Green infrastructure projects offer the opportun-
ity to mitigate coastal risk by integrating the socio-
economic and political realities of each region while
favouring the recovery of the natural functioning of
ecosystems.
Sustainable use of the coastal environment depends on

understanding the physical-biochemical processes on
which the natural balances of coastal ecosystems depend.
This understanding can only be achieved with continu-
ous and appropriate long term monitoring. In the long
term, green infrastructure needs less investment than
traditional infrastructure because it tends to be self-
sustaining, and maintenance is usually low-cost. The
diagnosis and monitoring of the site are vital for the suc-
cess of a green infrastructure project.
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Although an ecosystem may have similar symptoms to
another (e.g. loss of land or increased flooding), each site
has particular conditions due to the local resources and
forcing. The implementation of frameworks, such as
DESRC, is therefore useful for identifying the different
spatial-temporal scales of the problem, and make an ap-
propriate selection from the alternative options. In
highly biodiverse regions, there are many opportunities
for feasible green infrastructure projects and also many
challenges. Challenges include: generating local technical
capacities, the search for economic resources, and the
establishment of intersectoral communication.
Relatively new concepts considered by different inter-

national frameworks have much in common with the
green infrastructure concepts presented here, notably
considering the importance of ecosystems in long-term
solutions. However, great caution is needed, given the
ambiguity of terms used in some frameworks. In
addition, some of the terms used must be urgently cor-
rected, for example many “natural catastrophes/disas-
ters” should be referred to as catastrophes/disasters of
anthropic origin, since this perception takes away blame
from the decision makers who wrongly deployed the
failed infrastructure.
It is time we recognised that natural ecosystems do

not need protection; they should be allowed to function
freely without human actions that change the dynamics
and balances of the environment. It is vital to encourage
the deployment of infrastructure that flows with the nat-
ural processes and not the other way around.
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