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Nature-based solutions (NBS) is a collective term for solutions that are based on natural processes, in healthy or
restored ecosystems, and their services to address the three pillars of sustainability, including climate-related
challenges. Soil and Water Bioengineering (SWB or SWBE) is a hazard mitigation and restoration discipline
formally established and structured since the aftermath of World War II, but finding its roots in age old appli-
cations, which have many objectives in common with NBS. However, a structured comparison of SWB and NBS
terminologies and objectives is lacking, and this is much needed to highlight that SWB are amenable to the
concept of NBS in the context of climate change adaptation and disaster risk reduction (DRR). This work presents
a comparison between the definition of SWB, NBS, and other terminologies that fall under the NBS concept. A
matrix was created to compare NBS and NBS-related terminologies with the three main aspects of the SWB
practice: “main aims”, “fields of application” and “other objectives”. Results from the comparison confirm that
NBS is a unifying concept to prioritise nature to integrate climate change adaptation, mitigation, and disaster
reduction efforts, embracing also many aspects of SWB criteria and applications. Thus, SWB can and should be

recognized as having always been an NBS.

1. Introduction

Climate change impacts on the planet are unequivocally and
dramatically increasing. The risks posed from this climate crisis are
identified as: (1) risk by impact; and (2) risk by likelihood over the next
10 years (WEF, 2020). In the last decade many extreme and destructive
weather events were recorded all over the world. One of the main
concerns for Europe are floods initiated by extreme storms, potentially
triggering landslides. It is also expected that extreme events will result in
more extreme dry periods which in turn may result in severe droughts
and consequently wildfires (Bloschl et al., 2019). The other dramatic
challenge that our generation is facing is biodiversity loss. There is an
increasing awareness that climate change and loss of biodiversity are
closely connected or even inseparable. Thus, integrated policy frame-
works for contrasting both are becoming urgent (IPCC, 2019; Turney
et al., 2020; IPCC, 2021).

Massive and rapid interventions are needed to tackle the climate

crisis but also to mitigate the effects of this crisis. In order to achieve net
zero, the clear message for society and industry is to drastically reduce
the emissions of CO? and other gasses (climate change mitigation ac-
tions). Nature-based Solutions (NBS) can help achieve this goal as more
recently climate solutions explicitly addressing NBS for carbon storage
have been indicated (Seddon et al., 2020). This focus is encouraging as
the adoption of NBS provides an important opportunity to integrate
climate mitigation with adaptation efforts, while also preventing
biodiversity loss.

Nature-based solutions imply solutions to societal challenges that
involve working with nature as an integrated approach that could
address the twin crises of climate change and biodiversity loss (Seddon
et al., 2020). NBS for climate change adaptation can involve conserving
or rehabilitating natural ecosystems and/or the enhancement or crea-
tion of natural processes in modified or artificial ecosystems, applied
both at micro- or macro- scales (UNESCO, 2018). Thus, NBS focus on
processes for ecosystem protection and restoration, to address societal
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Fig. 1. Examples of soil-bioengineering solutions for soil erosion and bank stabilization in different climatic areas: a) SWB construction at La Nueva Concepcién
(Guatemala) single walled crib wall at the base and living branches at the slope (Maxwald et al., 2020); b) Live pole drains and lateral drain fascines along a slope in
Walker’s Landing Road, British Columbia, Canada (Stokes et al., 2014); c¢) Prefabricated wooden structure for reinforcement of a reshaped slope in Italy (photo: F.
Preti) (Rey et al., 2019); d) Embankment in Southern Brazil before and after the implementation of reinforcement works (Rauch et al., 2014; Horbirnger, 2021).

challenges, while improving human well-being and biodiversity (Cohen-
Shacham et al., 2016). The societal challenges that NBS aim to address
are very actual and can vary from natural hazards, global warming,
water management, food and agriculture, among others.

Recently NBS have been increasingly receiving attention as no-regret
measures for natural hazards mitigation and hydro-meteorological risk
reduction, since they not only buffer hydro-meteorological hazards at
different scales, but also provide a wide range of direct benefits and co-
benefits to the environment and the human well-being, quantifiable
through modelling methods (Kumar et al., 2021).

As an overarching concept, NBS covers established ecosystem-based
approaches such as ecosystem-based adaptation (EbA), ecosystem-based
disaster risk reduction (eco-DRR), natural, green, as well as blue-green
infrastructure (Cohen-Shacham et al., 2016; Ruangpan et al., 2020).

Although some of the recent SWB literature is making references to
NBS, currently no direct comparisons have been documented in litera-
ture. SWB describes the use of nature or natural materials, particularly
plants and vegetation, to restore fragmented habitats or to mitigate
natural hazards. SWB techniques are rooted in the engineering practice,
having been extensively adopted since the last century, but with traces
dating back as far as the first Century BC (Evette et al., 2009).

The term Soil Bioengineering ranks among the most frequently
mentioned NBS for addressing surface erosion and shallow landslide
stabilization in a selection of peer-review literature performed by de
Jestis Arce-Mojica et al. (2019).

Recently, Sangalli et al. (2021) presented the main objectives and
main applications of SWB in urban and peri-urban areas, with some
examples from European case study sites where SWB have been imple-
mented as NBS, indeed providing also several ecosystem services to the
environment and society (Escobedo et al., 2019; Giambastiani et al.,
2021).

Efforts have been made to include also SWB techniques as part of the
new category “NBS for erosion control” in the database of structural
landslide risk mitigation measures within the LaRiMiT webportal —
Landslide Risk Mitigation Toolbox, for the selection of the most suitable
mitigation measure for a specific landslide case (Capobianco et al.,

2022).

Furthermore, SWB practice has been defined as the pioneer of NBS
for landslide protection and riverbank erosion control (e.g. Forzieri
etal.,, 2011; Preti et al., 2011; Preti, 2013; Preti et al., 2022; Capobianco
et al., 2021), since it provides environmental-friendly and cost-effective
solutions in accordance with the principles of NBS actions “inspired by,
supported by or copied from nature” (Kalsnes and Capobianco, 2019).

A similar observation appears in the report by UNESCO (2018), in
which also Green Infrastructure are considered an application of NBS.

However, no direct comparisons between SWB and NBS definitions
have been conducted, to understand to what extent they overlap in
terms of objectives and applications. This is not only important to un-
derstand overlaps, but also when definitions are linked to legislations
and funding mechanisms. Therefore, it results extremely useful to
conduct a structured comparison of terminologies and objectives (Fer-
nandes and Guiomar, 2018; Rey, 2021).

This work aims to systematically compare the definition of NBS, and
other terminologies that fall under the NBS concept, with the definition
of SWB, with a special focus on flood risk mitigation, ecosystem resto-
ration, landslide and erosion mitigation. A comparison matrix is pro-
posed and developed with the scope to find points in common of SWB
practices with newer terminologies and highlight where these differ. In
addition to NBS, terminologies that are analysed include: Watershed
Management or hydraulic-forestry arrangements (WM), NBS, Green/
blue Infrastructure (GI), Urban Forestry (UF), Ecological Engineering
(EE), as well as Ecosystem-based Disaster Risk Reduction (Eco-DRR).

2. Overview of definitions and commonly used terms
2.1. Soil and Water Bioengineering

2.1.1. Definition of Soil and Water Bioengineering

Soil Bioengineering is the equivocal English translation for the
German “Ingenieurbiologie”, coined in the early 50s in the homonymous
book by forester Arthur von Kruedener (Evette et al., 2009). The aim of
the discipline was explained in the book to be “the conciliation between
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the technology (and its impacts) and environmental and landscape
concerns” (Bischetti et al., 2014).

The word “Soil” was added to the literal English translation for
avoiding any misunderstanding with other medical and genetic disci-
plines (Stiles, 1988; Barker, 1997).

Other European countries have instead tried to translate the term
more literally from German. An example is given by Italy, where the
term “Ingegneria Naturalistica” (which translated to English would be
“naturalistic engineering”), is commonly used, also in legislations.

According to the European Federation of Soil and Water Bioengi-
neering -EFIB — (http://www.efib.org/), SWB is a specific discipline. Its
definition is provided by Sangalli et al. (2021) as “Biology-oriented En-
gineering, in which native plants and plant fragments are used as living
building material which together with the improvement of soil quality can
significantly contribute to human safety and face all forms of erosion. In other
words, Bioengineering is a discipline that uses plants as element of environ-
mental construction and reconstruction”. Thus, the term “engineering”
refers to “the use of well-established technical and scientific solutions for
building, stabilization and erosion control deriving from civil and geotech-
nical engineering. The term “bio” is related both “to the nature of the
building materials used (i.e. mostly native plants with appropriate biotech-
nical characteristics), and to the purpose of rebuilding ecosystems and
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increasing biodiversity”.

A significant dissemination of this discipline can be attributed to the
work of Hugo Meinhard Schiechtl, who published an important book
highlighting the potential of green technologies, receiving attention
worldwide and redefining the fundaments of the modern SWB (Bischetti
et al., 2014; Schiechtl, 1980).

2.1.2. SWB solutions as multi-purpose solutions

In the modern times SWB applications have been successfully
adopted both in Alpine (e.g. Bischetti et al., 2009; Giupponi et al., 2017)
and Mediterranean areas (e.g. Sauli and Cornelini, 2011; Rey et al.,
2013; Palmeri et al., 2006), as well as outside Europe in Canada (e.g.
Stokes et al., 2014), Nepal (e.g. Lammeranner et al., 2005), Brazil (e.g.
Rauch et al., 2014) and other humid tropical areas (e.g. Petrone and
Preti, 2010; Preti and Petrone, 2013; Maxwald et al., 2020; Castelli
et al., 2021): Fig. 1.

SWB implies using plants not only for their technical functions, in
terms of stabilization properties and erosion protection, but also for
their multiple purposes, including ecological functions, through the
development of plant communities, carbon storage and habitat protec-
tion. Hence, SWB fulfils a significant function for the ecosystem in which
it is inserted, recovering ecosystem services of public interest (Santolini
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Fig. 2. NBS used for hydrometeorological risk management (source: EC - European Commission, 2021 with contribution of EFIB).
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and Morri, 2017; CCN - Comitato Capitale Naturale, 2019). An
ecosystem is a system, or a group of interconnected elements, formed by
the interaction of a community of organisms with their environment in a
unit of space, creating a self-sufficient system in thermodynamic equi-
librium (Tansley, 1935). For instance, using wooden logs together with
live cuttings for stabilizing a slope, allows to trigger the natural recovery
process and therefore the exchange of energy and matter within the
ecosystem, by increasing the ecological niches available and the
consequent biodiversity and biomass, thus reducing the entropy. Alter-
natively, a traditional grey solution for slope stabilization, such as
reinforced concrete wall, represents a closed system comprising
different components (i.e., concrete, steel) which does not interact with
the surrounding environment. For example, the wall will heat up,
without however exchanging energy with the external system, changing
the living conditions in the ecosystem and consequently increasing
entropy.

In addition to the ecological function exerted by both native plants
and natural materials used, SWB fulfils several other objectives, such as:
(1) landscape objectives, with the maintenance of aesthetic and
perceptive functions (cultural ecosystem services) of landscape integrity
(2) social functions, by creating recreational areas and healthier spaces,
and (3) economic functions, by reducing the costs of construction and
maintenance, and involving local communities both for supplying local
materials and for manual effort in the construction phase with the
introduction of “green jobs” (Bloemer et al., 2015; Sangalli et al., 2021;
Maxwald et al., 2020). Additionally, Sangalli et al. (2021) defines SWB
also as “Socio-cultural based solution” in the sense that its origins,
development and application derive from a strong relation between
human societies and their cultural history, the surroundings environ-
ment and its processes and components.

Thus, it is widely recognized that SWB represents a multi-purpose
solution requiring a multi-disciplinary approach, under the auspices of
the UN Sustainable Development Goals (SDGs). Recently, Mickovski
(2021) mapped 22 reported cases of SWB in the Mediterranean region,
implemented within the EU financed project Erasmus plus ECOMED (htt
ps://ecomedbio.eu/). He concluded that most of the cases analysed
contributed towards achieving many of the goals set by the United Na-
tions (i.e. SDG3 — good health and wellbeing, SDG9 - Industry, inno-
vation, infrastructure, SDG11 — Sustainable cities and communities,
SDG13 - climate action, SDG15 - life on land, SDG17 partnerships for
the goals), highlighting that not all the UN SDGs could be addressed due
to the scale of the projects. Thus, the potential for upscaling results is of
high importance.

3. NBS in a global and European perspective

The term NBS was firstly used in the early 2010 by the International
Union for Conservation of Nature (IUCN, 2012, 2016), mostly in a
restoration practice perspective. The term referred to ecosystem-based
approaches for protection and restoration management, that address
societal challenges while improving human well-being and biodiversity.
A more detailed history on the origins on NBS is found in Seddon et al.
(2021).

In 2015, a European expert group was established within the
research community establishing an NBS perspective at continental
scale, with a strong focus on interventions in the built environment.
Indeed, a first wave of European HORIZON 2020 funded projects
focused on NBS in the urban environment (i.e., NBS as green spaces with
benefits to the health and the society).

Starting from 2018, a series of European projects focused on
demonstrating the effectiveness of NBS in reducing the hydro-
meteorological risk also in rural landscapes, where the risk is amplified.

The projects financed during this period with NBS for hydro-
meteorological risk mitigation included: OPERANDUM, PHUSICOS,
and RECONECT.

Briefly:
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Table 1
Definitions of nature-based solutions and related used terms that fall under the
umbrella of NBS, with a focus on the scope of SWB applications.

NBS and NBS related Definition References
term
Watershed The integrated use of land, Schiechtl (1985);

Management (WM) vegetation, and water in a
geographically discrete
drainage area for the benefit of
its residents, with the objective
of protecting or conserving the
hydrologic services that the
watershed provides and of
reducing or avoiding negative
downstream or groundwater
impacts.
Actions to protect, sustainably
manage and restore natural or
modified ecosystems that
address societal challenges
effectively and adaptively,
simultaneously providing
human wellbeing and
biodiversity benefits.
NBS aim to help societies
address a variety of
environmental, social and —
Europe EC (2015) solution
economic challenges in
sustainable ways. They are
actions inspired by, supported
by or copied from nature, both
using and enhancing existing
solutions to challenges as well
as exploring more novel
solutions.
A strategically planned and
managed, spatially
interconnected network of
multi-functional natural, semi-
natural and man-made green
and blue features including
agricultural land, green
corridors, urban parks, forest
reserves, wetlands, rivers,
coastal and other aquatic
ecosystems.
The art, science, and
technology of managing trees
and forest resources in and
around urban community
ecosystems for the
physiological, sociological,
economic, and aesthetic
benefits tree provide society.
The design of sustainable
ecosystems that integrate
human society with its natural
environment for the benefit of
both.
The sustainable management,
Disaster Risk conservation, and restoration
Reduction (Eco- of ecosystems to reduce
DRR) disaster risk, with the aim of
achieving sustainable and
resilient development.

Darghouth et al. (2008)

Cohen-Shacham et al.
(2016); IUCN (2012)

Nature-based
solutions (NBS)

EC (2015)

Green/blue
Infrastructure (GBI)

European Commission
(2013)

Urban Forestry (UF) Konijnendijk et al.

(2006)

Odum (1962); Mitsch
and Jgrgensen (2003)

Ecological
Engineering (EE)

Estralla and Saalismaa
(2013); PEDDR (2010);
UNDRR (2020)

Ecosystem-based

OPERANDUM (https://www.operandum-project.eu/)is developing
a set of co-design, co-developed, deployed, tested and demonstrated
innovative NBS for the management of the impact of hydro-
meteorological risks (HMRs), especially focused in European rural
and natural territories, facilitating the adoption of new policies for
the reduction of HMRs via NBS and their promotion.

PHUSICOS (https://phusicos.eu/)is demonstrating the effectiveness
of NBS and their ability to reduce the impact for small, frequent
events (extensive risk) in rural mountain landscapes.


https://ecomedbio.eu/
https://ecomedbio.eu/
https://www.operandum-project.eu/
https://phusicos.eu/

Table 2

Comparison matrix between the aspects of SWB and the other NBS-related terminologies: Watershed Management (WM), Nature-based solutions (NBS), Green-blue Infrastructure (GBI), Urban Forestry (UB), Ecological
Engineering (EE); Ecosystem-based Disaster Risk Reduction (Eco-DRR). 11UCN, 2016; 2EU(2015); 3Science for Environment Policy (2021); 4Naumann et al. (2011); >The World Bank — GFDRR - Deltares https://naturebas
edsolutions.org/; 6K0nijnendijk et al. (2006); 7Heathcote (2009); 8Darghouth et al. (2008); 9Balian et al. (2014); 10Rayrnond et al. (2017); Ugalsnes and Capobianco (2019); 12Tz0ulas et al. (2007); 13Benedict and
McMahon (2006); 14Mitsch (2012); 155tokes et al. (2010); 165tokes et al. (2014); 17Mickovski (2014); 18paris Tormo et al. (2008); 19yan Bohemen (2005); 20)Moo0s et al. (2018); 21Renaud et al. (2013); 22EEA (2021); 23
UNESCO (2018).

From AIPIN Statute WM NBS GBI UF EE Eco-DRR
Aims Technical aim Erosion control, stabilization = Growing crops across NBS for surface protection Ecoengineering is described mountain forests for
and consolidation of slopes slopes to reduce erosion & and erosion as the long-term, ecological slope stability and
increase infiltration® control - Living Approach, and economic strategy to  avalanche
Providing riparian buffers 2. NBS for surface manage a site with regard  protection®®
to maintain water quality  protection and erosion to
& reduce erosion ! control — natural or man-made

Living/Not living Approach hazards'®
11

Ecological aim Ecological restoration of
natural or modified
ecosystems

Actions to protect,
sustainably manage and
restore natural or modified
ecosystems that address
societal challenges,
simultaneously providing
human well-being and
biodiversity benefits'

[...] which enhance
ecosystem health and
resilience, contribute

to biodiversity conservation
and benefit human
populations through the
maintenance and
enhancement of ecosystem
services *

Using vegetation in
ecological rehabilitation or
restoration projects will
promote the recovery of
ecosystem structures and
functions, in addition to
general ecological
infrastructure.’®

The protection and
restoration of
ecosystem services can
be an important

step towards
enhancing disaster
mitigation. Protected
areas provide an
effective mechanism
for maintaining
natural habitats and
ecosystem

function.?!

Landscape aim To connect the surrounding
landscape and to minimize
the impact of the systems

Better use of existing
ecosystems by minimizing
the impact on the systems

The network of natural and
semi-natural areas,
features and green

The art, science, and
technology of managing
trees and forest resources in

Using vegetation in
ecological rehabilitation or
restoration projects will

themselves® spaces in rural and urban, and around urban promote the recovery of
and terrestrial, freshwater, ~community ecosystems for  ecosystem structures and
coastal and marine areas  the physiological, functions, in addition to
[J* sociological, economic,and  general ecological
aesthetic benefits tree infrastructure.’®
provide society ©
Socio-economic aim  Enhancing the human capital, Today it is widely “simultaneously provide [..] ecological, economic,  eco-engineering or ground  Ecosystem-based
with the creation of new recognized that social and  [..] and economic benefits and sociological elements,  bio-engineering is based on  Disaster Risk
green jobs economic systems are an and help build resilience? and is inclusive of people  a Reduction in
integral part of the “[..] and they provide jobs from cities to suburbs to sustainable geotechnical mountains h is the
watershed ecosystem, and business ruralcommunities © design where the sustainable
affecting [...] the opportunities.” 3 vegetation, apart from management,

attitudinal and economic
forces so central to

fulfilling an
engineering function,

conservation and
restoration of

contributes towards
positive environmental and

succesful implementation
of water management

ecosystems to reduce
(disaster) risk to

actions” social achieve sustainable
impact at a relatively low  and resilient
cost.”” development??
Fields of application Hydro-meteorological risk Watershed management is ~ Large-scale NbS can also ~ Green infrastructure is
mitigation, hydraulic and the integrated use of land,  enable natural becoming increasingly
forest management, vegetation and water ina  processes that are recognized as an important
management of water system geographically discrete beneficial for the opportunity for addressing

at the catchment scale,
erosion and shallow landslide
protection along slopes,

drainage area for the maintenance of safe
benefit of its residents, with physical environments,
the objective of protecting  such as hydrogeological

the complex challenges of
water management [..]23

(continued on next page)
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https://naturebasedsolutions.org/;
https://naturebasedsolutions.org/;

Table 2 (continued)

From AIPIN Statute

WM

NBS

GBI

UF

EE

Eco-DRR

Other objectives

waterways management,
restoration and reopening of
waterways, coastline and
seabed restoration

Rewilding, contribution to
the recovery of degraded
areas, conserving ecosystems,
preventing and reversing the
land degradation process,
post fire interventions

Slope revegetation along
linear infrastructure,
environmental requalification
(roads, railways, pipeline,
electric infrastructure,
quarry, landfills) regreening,
vertical green walls, green
covers, bio-filters and natural
depuration, requalification of
anthropogenic, urban and
industrial sites

Connecting fragmented
habitats through the use of
natural materials which help
the restoration

rewilding aimed at creating
new habitats for the fauna
and flora to thrive

or conserving

the hydrologic services that
the watershed provides and
of reducing or avoiding
negative

downstream or
groundwater impacts.®

stability to protect against
erosion and landslides.?

Nature-based solutions
basically cover the full
scope of using ecosystems
to address hazards, making
use of natural processes
and ecosystem

services for functional
purposes, such as
decreasing flood risk,
erosion, and landslide
risk.®

[..] Renaturing landfill
sites, brownfields and river
corridors.*

Use of vegetation in urban
areas (e.g. street trees,
grassland, green roofs and
facades, infiltration
gardens and urban
forests). 10

NBS are systemic and will
also increase the resilience
of increasingly fragile
nature reserves threatened
by climate change. [..] (re)
introducing green
corridors. [..] 4

NBS are systemic and will
also increase the resilience
of increasingly fragile
nature reserves threatened
by climate change. [..] (re)
introducing green
corridors. [..] 4

NI is defined as a
“strategically planned and
managed network of
natural lands, such as
forests and wetlands,
working landscapes, and
other open spaces that
conserves or enhances
ecosystem values and
functions and provides
associated benefits to
human populations™®

solutions that involve
creating new ecosystems (e.
g. establishing green
buildings (green walls,
green roofs)).”

The green infrastructure
concept emphasises on the
quality as well as quantity
of urban and periurban
green spaces, their
multifunctional role, and
the importance of
interconnections between
habitats 12

The green infrastructure
concept emphasises on the
quality as well as quantity
of urban and periurban
green spaces, their
multifunctional role, and
the importance of
interconnections between
habitats 12

Ecoengineering is described
as the long-term, ecological
and economic strategy to
manage a site with regard
to

natural or man-made
hazards'®

Road building produces
large amounts of
unvegetated soilsoften
forming embankments.
[...] revegetation of these
slopes is fundamental since
theyare very vulnerable to
erosion’®

Vegetation as bio-filter for
air pollution’®

the design of sustainable
ecosystems that integrate
human society with its
natural environment for the
benefit of both14

Examples of Eco-DRR
include the
renaturation of rivers,
where addi-tional
flooding space is (re-)
created in river beds,
or dunes and
saltmarshes that
provide protection
against coastal floods,
as well as foreststhat
mitigate mass
movements in steep
environments?®

1 vaud
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Table 3
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Summary of the comparison matrix where the green coloured cells represent matches of NBS-related definitions with SWB def-
initions. The three different intensities of the colour indicate the level of importance for each NBS-related term in the authors’
subjective assessment, from the darker (high importance) to the lighter (low importance). The NBS-related terms used in the table
are: Watershed Management (WM), Nature-based solutions (NBS), Green-blue Infrastructure (GBI), Urban Forestry (UB),
Ecological Engineering (EE); Ecosystem-based Disaster Risk Reduction (Eco-DRR).

From AIPIN Statute (and EFIB directives)

Eco-

WM NBS GBI UF EE DRR

Erosion control, stabilization

Technical aim: e
and consolidation of slopes

Restoration of natural or

Ecological aim: o
g modified ecosystems

(%]
=
< .
. To connect the surrounding
Landscape aim
landscape
Enhancing the human capital,
Socio-economic aim:  with the creation of new green
jobs
z
8 hydro-meteorological risk mitigation
<
S
-
[
% | Rewilding and ecosystem restoration
'S
o
1%)
Ja)
) .
o | Regreening
w

Connecting fragmented habitats

OTHER OBJ
OBJECTIVES

Rewilding aimed at creating new habitats

Medium | Low

- RECONECT (http://www.reconect.eu/) aims to rapidly enhance the
European reference framework on NBS for hydro-meteorological risk
reduction by demonstrating, referencing, upscaling and exploiting
large-scale NBS in rural and natural areas;

Within these three projects, many of the NBS that are proposed,
especially for rockfall, avalanches and landslide risk mitigation, were
adopted from already well-established techniques that find their roots in
SWB practice (Solheim et al., 2021). Examples of NBS for hydrometeo-
rological risk reduction are shown in Fig. 2.

In 2020, the EU definition was improved to also include a specific
reference to enhancing biodiversity, in line with the IUCN Global
Standard (IUCN, 2020). The European NBS definition now explicitly
states that “NBS must benefit biodiversity”, thus implying the impor-
tance to additionally monitor and assess the increased biodiversity when
implementing NBS.

In 2020, a new international and highly multidisciplinary network
was launched by the Norwegian Geotechnical Institute (NGI), with the
aim to gather experts in the field of nature-based solutions, to create and
promote interactions between experts with different scientific back-
grounds (i.e. geotechnical engineering, hydrology, soil science, plant
ecology, biodiversity, agronomy, protection forests), with a focus on use
of vegetation to mitigate climate induced geo-hazards, including land-
slides, floods and erosion. The network is called PlaNet and promotes
activities, conferences, and new research outcomes in the field of NBS
(https://planetnetwork.eu/). In addition, the International EcorisQ

Association (https://www.ecorisq.org/) is a global network in the field
of natural hazard risks with the aim of promoting sustainable, where
possible nature-based solutions for natural hazard risk reduction by
bringing together science and practice for the development and
dissemination of transparent tools for natural hazard and risk analyses.
As mentioned previously, NBS is currently considered an umbrella
concept embracing all those disciplines involving the use of nature to
address societal challenges. The majority of NBS applications, both in
rural and in urban landscapes, essentially involves the management of
vegetation, soils and/or wetlands, including rivers and lakes (UNESCO,
2018; WWAP (UNESCO World Water Assessment Programme), 2019).
Table 1 lists the main terms that fall under the NBS concept, focussing on
landslide and erosion protection, as well as flood mitigation and
ecosystem restoration, which are also the pillars of SWB practice.

4. The comparison matrix

The comparison between SWB, NBS and related terminologies, was
carried out by creating a matrix, where each row in the matrix repre-
sents each of the 3 main aspects of SWB practices: namely “main aims”,
“fields of application” and “other objectives”; and the matrix columns
designate all the other terminologies, following the order listed in
Table 1. The three main aspects of SWB practice were taken from the
statute of the AIPIN - Italian Association of Soil and Water Bioengi-
neering (http://www.aipin.it/), which is among the first established
statues of SWB in Europe, following the Verein fiir Ingenieurbiologie
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Fig. 3. a) Example of forest watershed management application from the late 1800’s (Thiery, 1891); b) comparison between trend of international publications

(source Scopus) on “SOIL” and “BIOENGINEERING” (where the peak of 1998

is of US origin) and trend of publications on “green and natural infrastructures” by

Cohen-Shacham et al. (2016); c) timeline of historical milestones for SWB (Thiery, 1891; Hofmann, 1936; Evette et al., 2009; Bresci and Preti, 2010; Stokes et al.,
2010; Preti, 2021) and year of origin of each NBS-related term (low-impact developments — LIDs, best management practices — BMPs, water-sensitive urban design —
WSUD, green infrastructure — GI, sustainable urban drainage systems — SuDs, nature-based solutions — NBSs, ecosystem-based adaptation — EbA, ecosystem-based
disaster risk reduction — Eco-DRR - and blue-green infrastructure — BGI) based on their appearance in publications (Ruangpan et al., 2020). (For interpretation
of the references to colour in this figure legend, the reader is referred to the web version of this article.)

(Switzerland) and Gesellschaft fiir Ingenieurbiologie (Germany). Thus,
the statute reflects the current European directives EFIB (EFIB, 1996;
Hacker, 2015; Sangalli et al., 2021). The aspects cover the following:

- main aims: the four main objectives of SWB; namely: technical,
ecological, landscape and socio-economic objectives.

- fields of application: main domains of applications and fields of in-
terventions, such as; i) slope stabilization, wetland restoration and
streambank protection, coastal defence; ii) rewilding and contribu-
tion to ecological restoration of degraded areas; iii) environmental
requalification;

- other objectives: the multi-purpose functions exerted by SWB.

Excerpts from relevant peer-review and grey literature as well as EU
reports about NBS and related terms were included in the matrix to
cross-check the 3 main aspects of the SWB practice. More emphasis was
given to EU reports, which define what is and what is not an NBS, setting
up the course for future legislations.

Table 2 shows the comparison matrix with these excerpts from
literature for a specific NBS and related term, in correspondence with
the three main aspects of SWB listed above.

5. Discussion
The main findings from this comparison are: (1) SWB approaches

have at least 2 “aims” in common with all the terms; (2) all 3 main as-
pects are covered by the NBS definitions (Table 3). In terms of “fields of

application”, the highest number of similarities are found between SWB
and EE, and, to a smaller extent, WM, GBI and Eco-DRR. Ecological
engineering (EE) is indeed often considered a practice equivalent to
SWB, using an ecosystem-based approach to manage hazards.

The category “other objectives” includes secondary scopes of SWB
applications, such as rewilding, ecosystem restoration of fragmented
habitats, and biodiversity protection. All of these represent important
aspect of NBS practice and also pertain to the concepts of GBI (i.e., the
use of green corridors) and EE. This confirms that SWB can be an
effective tool for environmental improvement and recovery of biodi-
versity in degraded ecosystems (Sangalli et al., 2021).

NBS is a relatively recent concept. As such, its definition has been
and is being evolving with time as research on the topic increases and as
scientists explore their disciplines’ respective contributions to this multi-
disciplinary approach. This is also true for SWB, a discipline which has
roots in ancient techniques, and which has been revised and re-proposed
for current challenges. The timeline of historical milestones for SWB and
the year of origin of each of NBS-related terms are shown in Fig. 3. SWB
finds its roots in the beginning of the human transformation of the ter-
ritory with the agriculture. There is evidence of such techniques also in
the Chinese and Roman empire from 28 b.c. and 50 a.c. and 1 century a.
c. (Lewis, 2000; Sauli et al., 2005; Stokes et al., 2010), and subsequently
developed during the Renaissance with Leonardo Da Vinci (e.g. Sangalli
et al., 2018), who introduced the concept of natural watershed man-
agement. In the second half of the 1800’s, forest watershed management
(“Sistemazioni Idraulico Forestali” in italian) started developing in Italy
and Europe (Evette et al., 2009; Bresci and Preti, 2010) leading to the
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establishment of the “Ingenieurbiologie” discipline in the second part of
XX century (Bischetti et al., 2014). An example of forest watershed
management application is shown in Fig. 3a (Thiery, 1891). From then
onwards, many other terms were introduced, as detailed by Ruangpan
et al., 2020. Cohen-Shacham et al. (2016) have conducted a search of
publications on “ green and natural infrastructures” from the 90’s until
2015 and concluded that there was an exponential increase of papers
published on this topic starting from the 2010. However, by comparing
it with the number of publications focusing on “Soil and Bioengineering”
(source Scopus), from the year 1991 until 2020, this discontinuity does
not appear to be so pronounced, as it seems that SWB applications have
had a a continuity during the years starting from the early 90’s, showing
an increasing trend starting from middle 2010’s (Fig. 3b). We therefore
proposed a modified chronology of terminologies, where we introduced
also the history of SWB until the 1950 in grey colour, to continue and
complete what was started by Ruangpan et al., 2020 (Fig. 3c).

It is worth mentioning that the domains of applications of SWB are
also changing over time, allowing space for new practices focusing on
circularity and material recycling. The NBS concept is still under con-
struction, and it is the responsibility of scientists and policy-makers,
through sharing of experiences from the SWB discipline, to define how
and to what degree SWB may form the foundations as well as fall under
the NBS concept. Based on the main objectives of SWB, this discipline
can be surely seen as an NBS tout court or a tool for NBS applications,
representing a useful vehicle for implementing the umbrella function
that the NBS need to fulfil. All these NBS-related terms most of the time
represent the technical term for a specific application, which falls into
the concept of NBS. Thus, also SWB is a supporting concept to NBS. In
addition, although for example SWB for bank and slope stability does
not address biodiversity as its primary objective, plants are an integral
part of the SWB intervention that will eventually improve biodiversity,
thus falling within the NBS concept.

This work serves to illustrate and provide documentation that SWB is
an instrument to NBS, thus it is and it has always been an NBS. At the
European level many legislations are being introduced including the
concept of NBS, in accordance with the ambition for Europe for
becoming the first carbon neutral continent within 2050. In Norway the
NBS concept has explicitly been introduced in the climate adaptation
legislation and “In municipal and regional planning, conservation,
restoration or establishment of nature-based solutions should be
considered”. The evidence that green infrastructure (GI) lead to
healthier cities (Trapani et al., 2021) are also moving policy makers to
adopt regulations towards these NBS concepts (i.e., Germany has also
adopted the national GI concept). Spain and Italy are also slowing going
towards this direction. For instance, the regulations in Campania Region
(southern Italy) are based on the “maximum applicability of the SWB”
(Giunta regionale della Campania, Decreto del Presidente della Giunta
Regionale n° 574 del 22 luglio 2002 - Emanazione Regolamento per
I’attuazione degli interventi di Ingegneria naturalistica).

6. Concluding remarks

This work was carried out to illustrate and document that SWB
discipline can be recognized as a concept falling under the NBS umbrella
concept. It overlaps and, in some cases, compliments many NBS-related
terminologies. These concepts strive to complement one another and are
not conflicting, but rather supporting. The concept of NBS is being
refined with use over time but requires further clarification and adap-
tation to history and different contexts. NBS is a unifying concept which
prioritises nature to integrate climate change adaptation, mitigation,
and disaster reduction efforts, also embracing many aspects of SWB
applications. NBS finds inspiration from natural processes (for example
wetlands, terraces, etc.), which are the product of a cultural heritage
much older than the NBS definition. SWB discipline instead, is rooted in
ancient techniques, revised and re-formulated for current challenges,
with an exponentially growing technical-scientific interest. In
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conclusion, SWB is and it has always been a Nature-Based Solution.
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