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H I G H L I G H T S
•
•
•
•
•

Nature-Based Solutions (NBS) is a new term in environmental research and management.
NBS has connections to other concepts for managing and understanding ecosystems.
Existing experiences provide crucial insights on potential and pitfalls of NBS.
The multiple dimensions of sustainability provide a framework to plan and assess NBS.
NBS holds a potential for both stimulating and preventing economic developments.
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a b s t r a c t
In this paper, we reﬂect on the implications for science, policy and practice of the recently introduced concept of
Nature-Based Solutions (NBS), with a focus on the European context. First, we analyse NBS in relation to similar
concepts, and reﬂect on its relationship to sustainability as an overarching framework. From this, we derive a set
of questions to be addressed and propose a general framework for how these might be addressed in NBS projects
by funders, researchers, policy-makers and practitioners. We conclude that:
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(1) NBS need to be developed and discussed in relation to existing concepts to clarify their added value;
(2) When considering and implementing NBS, the ‘relabelling’ of related concepts and the misuse of the concept
have to be prevented in order to avoid misunderstanding, duplication and unintended consequences;
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(3) NBS as currently framed by the European Commission provides an opportunity for: a) transdisciplinary
research into the design and implementation of solutions based on nature; and b) overcoming a bias
towards development alternatives with narrow perspectives that focus on short-term economic gains and
effectiveness;
(4) The strength of the NBS concept is its integrative, systemic approach which prevents it from becoming just
another “green communication tool” that provides justiﬁcation for a classical model of natural resource exploitation and management measures.

To realise their full potential, NBS must be developed by including the experience of all relevant stakeholders
such that ‘solutions’ contribute to achieving all dimensions of sustainability. As NBS are developed, we must
also moderate the expectations placed on them since the precedent provided by other initiatives whose aim
was to manage nature sustainably demonstrates that we should not expect NBS to be cheap and easy, at least
not in the short-term.
© 2016 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/).

1. Introduction: nature-based solutions as a new term in science,
policy and practice
Those working in science, policy and practice related to the management of the natural environment regularly encounter new ideas and
terminologies. In the late 1980s the phrase ‘sustainable development’
was deﬁned by the United Nations (UN) Brundtland Commission
(Brundtland et al., 1987) and then the term ‘biodiversity’ emerged
from the ﬁeld of conservation biology (Takacs, 1996; Wilson, 1988).
More recently, the use of ‘natural capital’, from the ﬁelds of applied ecology and ecological economics (Daly and Farley, 2011; Jansson, 1994;
Costanza and Daly, 1992; Schumacher, 1973) and the idea of ‘ecosystem
services’ has become widespread (Costanza et al., 1998; Daily, 1997;
MA, 2005; Gómez-Baggethun et al., 2010). These concepts are reﬂected
in policy agreements including the adoption of the Convention on Biological Diversity (CBD) in 1992 (UNEP, 1993) and its Ecosystem Approach (UNEP/CBD, 2000), the UN's Millennium Ecosystem
Assessment (MA, 2005) and its follow-up activities such as the Intergovernmental Platform on Biodiversity and Ecosystem Services
(IPBES) (UNEP, 2010). They also shape programmes of research. For example, until 2014 the European Union's Framework Programmes for research supported many projects focussing on ecosystem services
(Admiraal et al., 2016). Over the past twenty years, an increasing number of perspectives have reﬂected an anthropocentric view of the management of natural resources, including biodiversity and the
environment (Nesshöver et al., 2015), with a focus on the beneﬁts
that nature may provide for humans (Díaz et al., 2015; MA, 2005;
TEEB, 2010a).
The most recent entry to this discourse is ‘Nature-Based Solutions’
(NBS), a concept introduced speciﬁcally to promote nature as a means
for providing solutions to climate mitigation and adaptation challenges
(Cohen-Schacham et al., 2016; IUCN, 2012). Within Europe, policymakers have integrated the concept into their new framework programme for research and innovation, ‘Horizon 2020’, providing a new
narrative involving biodiversity and ecosystem services aligned with
goals of innovation for growth and job creation (European
Commission, 2015c), and with a potential opening for transformational
pathways towards sustainable societal development (Maes and Jacobs,
2015).
Despite limited research about the concept to date (Eggermont et al.,
2015; Maes and Jacobs, 2015), the term has already diversiﬁed. In the
United States ‘nature-based infrastructure’ and ‘engineering with nature’ are more common as descriptions for actions to support resilience
and to reduce ﬂood risk (US Army Corps of Engineers, 2013), and the
IUCN and EC deﬁnitions of NBS provide alternate perspectives on its
remit and purpose (Table 1). For the EC, NBS is understood as actions
that ‘aim to help societies address a variety of environmental, social
and economic challenges in sustainable ways. They are actions which

are inspired by, supported by or copied from nature’ (European
Commission, 2015c, p. 5).
Due to these broad framings, the meaning of NBS can appear vague,
and the links to pre-existing concepts may be unclear. It has been suggested that the conceptual ﬂexibility associated with a vague or loosely-deﬁned term can risk missing important opportunities to improve
the management of natural resources (e.g. Waylen et al., 2014). A comprehensive formulation would deﬁnitely help to stimulate discussion
and innovation, and facilitate communication among the communities
of science, policy and practice (Abson et al., 2014; Brand and Jax,
2007; Star and Griesemer, 1989). However, there is also a danger of
oversimpliﬁcation, reinventing the wheel, (non)deliberate misuse, or
generating new, unforeseen trade-offs in decision-making (Bennett et
al., 2009; Ring et al., 2010). It is thus important that such a concept,
which has emerged at the science-policy-practice interface, is analysed
and placed in the context of existing terms and terminologies, and that
potential overlaps as well as differences are acknowledged.
In this paper, we reﬂect critically on the concept from the viewpoint
of NBS contributions to sustainable development in Europe. With an
aim of providing a basis for researchers and other actors involved in
NBS projects, we examine how NBS relate to existing concepts and
what implications can be drawn for NBS research, its applications and
to inform policies. Firstly, we consider how NBS refer to and build
upon existing and comparable concepts, and how NBS relate to sustainability in general. Secondly, we identify how NBS relate to cross-disciplinary research and implementation challenges and present a
framework that can aid implementation of interventions intended to
work with nature in order to tackle societal challenges. We end by
reﬂecting on the added value of the NBS concept, the opportunities
and challenges that it offers to natural resource and ecosystem management, and the role of research.
2. The conceptual context of nature-based solutions
2.1. Differences and similarities with other concepts used for ecosystem
management
The NBS concept aims to explicitly link positive outcomes for society
(‘solutions’) with a notion of ‘nature’ as something helpful for these
aims. It may, therefore, relate to or overlap with other concepts deﬁned
and used to inform ecosystem management for societal beneﬁt, although these relationships are seldom acknowledged explicitly (see
European Commission, 2015c). Six such concepts with associated deﬁnitions, objectives and examples are analysed in Table 2. We have focussed on those most commonly used in contemporary literature
about ecosystem management for sustainability, societal beneﬁt and
human well-being. None of them has a single uncontested deﬁnition,
but they are commonly in use within science, policy and practice.
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Table 1
Deﬁnitions for the concept of nature-based solutions.
International Union for Conservation of Nature

European Union Directorate General on Research and Innovation

Deﬁnition/rationale ‘the potential power of nature and the solutions it can provide to global
challenges in ﬁelds such as climate change, food security, social and
economic development’ (p. 1)
‘Healthy, diverse and well managed ecosystems lay the foundation for
practical, nature-based solutions to global problems.’ (page 16)
‘[Nature-Based Solutions] offer unique and effective solutions to climate
change…. The underlying approach is a pro-active application of the
sustainable management and conservation of natural resources to address
major global challenges (food security, disaster risk reduction, economy).’
(Annex I, p. 24–25)
‘The following principles are an initial attempt to provide some guidance
on what type of interventions could (or should not) be considered as a
nature-based solution.

Aim of employing
concept

Reference

1. The intervention delivers an effective solution to a major global challenge using nature
2. The intervention provides biodiversity beneﬁts in terms of diverse,
well-managed ecosystems
3. The intervention is cost effective relative to other solutions
4. The rationale behind the intervention can be easily and compellingly
communicated
5. The intervention can be measured, veriﬁed and replicated
6. The intervention respects and reinforces communities' rights over natural resources
7. The intervention harnesses both public and private sources of funding’
(Annex 1, p. 24–25).
‘Nature-Based Solutions offer multiple beneﬁts simultaneously and
therefore efﬁciently. This Programme Area focuses initially on nature-based
solutions to climate change (including disaster risk reduction), food
security, and economic and social development, but will …explore
opportunities to broaden this approach to sectors such as health and access
to energy’ (p. 5)
‘Healthy and restored ecosystems make cost-effective contributions to
meeting global challenges of climate change, food security and economic
and social development’ (Table 1, p. 7).
‘Apart from providing effective solutions to major global challenges,
nature-based solutions also deliver clear biodiversity beneﬁts in terms of
diverse, well-managed and functioning ecosystems. They must be cost
efﬁcient relative to other solutions. As nature-based solutions are designed
to reach beyond the conservation community they need to be easily and
compellingly communicated as well as being measurable, veriﬁable and
replicable. Finally they must be designed and implemented in such a way as
to respect and reinforce communities’ rights over natural resources.’ (p. 16)
‘helping the conservation community reach beyond its traditional
constituencies, build new alliances and broaden its messaging beyond the
immediate imperatives of addressing biodiversity threats’ (p. 24)

IUCN, 2012. The IUCN Global Programme 2013–16, Adopted by the IUCN
World Conservation Congress, September 2012.

Ecological Engineering and Catchment Systems Engineering (including ecological restoration), and Green/Blue Infrastructure (Table 2,
columns 1 and 2 respectively) represent targeted approaches for solving
speciﬁc activity or land-use problems. Encompassing a variety of activities and interventions, they clearly seek to apply natural alternatives to
complement technology-based infrastructure and hence can be seen as
NBS applications. For example, catchment systems engineering can help
to reduce ﬂood risk by attenuating runoff within a catchment (e.g.
working with natural processes through the creation/restoration of
ponds, wetlands, leaky barriers) thereby providing other multiple beneﬁts (e.g. improving diffuse pollution) (Wilkinson et al., 2014). The difference between the approaches is the notion that NBS are explicitly
considered as alternatives to and choices against human-made infrastructure that require large investment in materials and energy.
The concepts of Ecosystem Approach (EA) and Ecosystem-Based Adaptation (EBA) (Table 2, columns 3 and 4 respectively) are also
approaches that seek to manage the natural environment in a way
that balances beneﬁts for nature and society. In contrast to the ﬁrst

‘Nature-Based Solutions harness the power and sophistication of nature
to turn environmental, social and economic challenges into innovation
opportunities.’ (p. 2)
‘[Nature-Based Solutions] 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, for example, mimicking how
non-human organisms and communities cope with environmental
extremes. Nature-Based Solutions use the features and complex system
processes of nature, such as its ability to store carbon and regulate water
ﬂows…’ (p. 24)

‘Nature-Based Solutions aim to help societies address a variety of
environmental, social and economic challenges in sustainable ways.’ (p. 24)
‘…in order to achieve desired outcomes, such as reduced disaster risk and
an environment that improves human well-being and socially inclusive
green growth (p. 24).
‘Four principal goals have been identiﬁed that can be addressed by
nature-based solutions:

1. Enhancing sustainable urbanisation… can stimulate economic growth as
well as improving the environment, making cities more attractive, and
enhancing human well-being.
2. Restoring degraded ecosystems… can improve the resilience of
ecosystems, enabling them to deliver vital ecosystem services and also
to meet other societal challenges.
3. Developing climate change adaptation and mitigation…can provide
more resilient responses and enhance the storage of carbon.
4. Improving risk management and resilience…can lead to greater beneﬁts
than conventional methods and offer synergies in reducing multiple
risks.’ (p. 4)
NBS solutions to strengthen community cohesion, involvement of society,
with the aim of re-connecting people with nature. (p. 21)
European Commission 2015. Towards an EU Research and Innovation policy
agenda for Nature-Based Solutions & Re-Naturing Cities. Final Report of the
Horizon 2020 Expert Group on ‘Nature-Based Solutions’ and Re-Naturing
Cities. Directorate-General for Research and Innovation,

two concepts, EA and EBA incorporate a systemic approach to understanding those relationships. Greater emphasis is thus placed on ecosystem complexity, change and resilience. The need to decentralise and
involve stakeholders is also integral, highlighting the importance of
considering different interests and conﬂicts (Waylen et al., 2014). This
emphasis on an inclusive or participatory approach is not always shared
by other concepts.
The ﬁnal columns of Table 2 describe two interrelated concepts
thought to have relevance to decision-making, particularly in the face
of multiple and potentially competing priorities and aspirations. Ecosystem Services (ES, column 5) describe how society depends on nature
(MA, 2005). So far, many studies of ecosystem services still tend to
focus on only a single or few services (Abson et al., 2014), although disclosing multi-functionality and multiple beneﬁts is at the core of the ES
approach. The concept of Natural Capital (NC, column 6) uses the terminology of ‘capital’ that is sometimes associated with economy and business, and considers the stock of assets from which ecosystem services
ﬂow (Gómez-Baggethun et al., 2010; Schröter et al., 2012). ES and NC
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Table 2
Non-exhaustive overview of different concepts related to nature-based solutions.

Deﬁnition

Ecological Engineering (EE) and
Catchment Systems Engineering
(CSE)
The earliest deﬁnition of Ecological
Engineering came from Odum,
with ‘those cases in which the
energy supplied by man is small
relative to the natural sources, but
sufﬁcient to produce large effects
in the resulting patterns and
processes’ (Odum, 1962, as cited in
Mitsch and Jørgensen, 2004, p. 25).
It has since been redeﬁned as ‘the
design of sustainable ecosystems
that integrate human society with
its natural environment for the
beneﬁt of both (Mitsch and
Jorgensen, 1989, p. 365).
It has also been deﬁned as ‘actions
using and/or acting for nature’
(Rey et al., 2015 p. 1336). CSE
developed by Quinn et al. (2010),
is deﬁned as ‘an interventionist
approach to altering the
catchment scale runoff regime and
nutrient dynamics through the
manipulation of hydrological ﬂow
pathways to manage water quality
and quantity sustainably’
(Wilkinson et al., 2014) p. 1247).
In an even broader context, the
concept and practice of ecological
restoration can be linked here as
well (Aronson et al., 2007).

Approaches to management
Green/Blue Infrastructure (GI/BI)

Ecosystem Approach (EA)

Ecosystem-based
Adaptation//Mitigation (EBA)

Ecosystem Services
Approach/Framework (ES)

Natural Capital (NC)

‘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
sand other aquatic ecosystems’
(European Commission, 2013a, p.
3). Green infrastructure
(land-based) can include,
terrestrial protected areas, ﬁeld
margins in intensive agricultural
land, ecoducts and tunnels for
animals, parks and green roofs in
cities. Blue infrastructure (water
related) includes coastal areas,
rivers, lakes, wetlands but also
designed elements such as
artiﬁcial channels, ponds, water
reservoirs, retention basins and
tanks as well as urban waste water
networks(CEEWEB and ECNC,
2013; European Commission,
2013b; Haase, 2015; Naumann et
al., 2010).

A strategy for decentralised,
participatory and systemic natural
resource management. ‘It is based
on the application of appropriate
scientiﬁc methodologies focused
on levels of biological organization
which encompass the essential
processes, functions and
interactions among organisms and
their environment. It recognizes
that humans, with their cultural
diversity, are an integral
component of ecosystems. It is
implemented via 12 principles that
are “complementary and
interlinked” (UNEP/CBD, 2000);
section B, paragraph 6), that
include:
1) The objectives of management
of land, water and living resources
are a matter of societal choice.
3) Ecosystem managers should
consider the effects (actual or
potential) of their activities on
adjacent and other ecosystems.
5) Conservation of ecosystem
structure and functioning, in order
to maintain ecosystem services,
should be a priority target of the
ecosystem approach.
6) Ecosystems must be managed
within the limits of their
functioning.
7) The ecosystem approach should
be undertaken at the appropriate
spatial and temporal scales.
9) Management must recognize
the change is inevitable.

‘The adaptation policies and
measures that take into account
the role of ecosystem services in
reducing the vulnerability of
society to climate change, in a
multi-sectoral and multi-scale
approach. EBA involves national
and regional governments, local
communities, private companies
and NGOs in addressing the
different pressures on ecosystem
services, including land use
change and climate change, and
managing ecosystems to increase
the resilience of people and
economic sectors to climate
change’ (Vignola et al., 2009, p.
692).

An approach to understand how
natural systems can beneﬁt
humans, by ‘linkages between
ecosystem structures and process
functioning and consequent
outcomes which lead directly or
indirectly to valued human
welfare beneﬁts (gains or losses)’
(Turner and Daily, 2008, p. 27).
These goods and services provided
by ecosystems are ‘Ecosystem
services (ESs)’. They include
provisioning services (e.g. food,
water, heating and building
material from ecosystems),
cultural services (e.g. possibilities
for recreation, tourism, education,
sense of place), regulatory services
(e.g. protection against ﬂood or
erosion, climate regulation) and
supporting services (e.g. soil
formation or nutrient cycling)
(Alcamo et al., 2003; MA, 2005). If
natural capital is the stock of
assets, ecosystem services are the
ﬂows of beneﬁts derived from
those assets (Daily et al., 2011).

Natural capital is the stock of living
and non-living parts of the natural
system that directly and indirectly
yield beneﬁts to humans.
Deﬁnitions vary in their scope and
focus (Wackernagel and Rees,
1997): e.g. Daily et al. (2011, p. 3)
deﬁne ‘living natural capital’ as
‘Earth's lands and waters and their
biodiversity‘ whilst other
deﬁnitions include geological and
biophysical components
(e.g.(Natural Capital Coalition,
2016) or may explicitly encompass
interactions and processes that
form natural systems (Natural
Capital Initiative, 2016).
Deﬁnitions usually include both
renewable and non-renewable
resources (Daly and Farley, 2011).
Costanza et al. (1998) also include
the information stored in natural
systems. Some scholars (e.g.Berkes
and Folke, 1992) consider the
services provided by the natural
system as part of the stock as well,
but this is normally separated.
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Problem solving techniques
Concept

Potential
relation to
NBS

CSE is a version of NBS: both are
focusing on tackling societal
challenges but CSE speciﬁcally
focuses on catchment-scale
working and manipulating
hydrological processes in order to
beneﬁt humans.

To provide ‘…ecological, economic
and social beneﬁts through natural
solutions. It helps us to understand
the value of the beneﬁts that
nature provides to human society
and to mobilise investments to
sustain and enhance them. It also
helps avoid relying on
infrastructure that is expensive to
build when nature can often
provide cheaper, more durable
solutions.’ (European Commission,
2013b p. 2). It aims to naturally
regulate storm ﬂows, ﬂood risk
water, air, temperatures,
greenhouse gases, and ecosystem
quality.

The aim of EA under the CBD is to It is expected that EBA will reduce
society's vulnerability to climate
‘promote conservation and
change (Vignola et al., 2009).
sustainable use in an equitable
way’ (UNEP/CBD, 2000; Section A,
Paragraph 1).
It is expected that this concept can
guide and enable fair management
of natural resources in order to
reﬂect and sustain different needs
and values. It notes that
conservation and use are to be
balanced, and highlights that the
objectives for management will
vary between different groups and
so require societal choice (Waylen
et al., 2014).

It is expected that using ecosystem
services to understand and
describe how nature beneﬁts
humans, will help to inform and
improve social and political
processes so as to improve the
management and governance of
ecosystems (Primmer et al., 2015).

By enabling natural systems to be
valued and managed equally to
other forms of capital (ﬁnancial,
human, social, manufactured)
(Natural Capital Initiative, 2016) it
is expected that considering
natural capital can help to improve
decision-making for various
sectors, including businesses leading to more sustainable
business models that are resilient,
efﬁcient, and secure (Natural
Capital Coalition, 2016) – but also
policy and other sectors.

Scheldt Estuary, Belgium uses a
natural wetland to absorb and
slow the ﬂow of heavy rainfall, so
reducing ﬂood risks (Morris,
2007). Climate change adaptation
in the city of London (Jones and
Somper, 2014).

Multi-stakeholder systemic
management of the Thanet Natura
2000 site, Kent, UK (Pound, 2008).

Durban's Municipal Climate
Protection Programme (Roberts et
al., 2012).

Planning for protected areas
management under the ecosystem
services framework in Doñana,
Spain (Palomo et al., 2011).

The Puma company's
environmental proﬁt and loss
accounting system (PUMA SE,
2011).

Similar to NBS in some areas and
can sometimes be synonymous
though differences between
“infrastructure” vs. “solution”.

EBA should be part of NBS, to
EBA aims to balance conservation
ensure solutions are
and management for human
climate-adapted.
needs. It is not equivalent to NBS,
but its principles can be used in
the design of NBS to improve the
range of stakeholders engaged and
to balance different interests.

Planners in Vitoria-Gasteiz, Spain
restored a river ecosystem along
one of the city's main urban
arteries, improving the city's
sewage system and enhancing the
city's ecological resilience. This
river restoration will both slow
storm water ﬂows and prevent
clean rainwater from entering the
sewage system (Kopperoinen et
al., 2014).
ES concepts can be an excellent
way to consider solutions during
NBS design and appraisal;
however, their use should not be
restricted to single or few ES and
their beneﬁciaries.

The NC concept can help
demonstrate the role of nature in
meeting human needs, and hence
the value of considering NBS
versus other types of
interventions.
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‘The deﬁned strategies are
Aim of
employing designed to mimic or to adapt the
natural functioning of ecosystems
concept
to reach a target ecosystem, within
an overall goal of sustainable
development and with minimal
and preferably biological and/or
endogenous inputs’ (Rey et al.,
2015).
CSE seeks ﬁrst to describe
catchment function (or role) as the
principal driver for evaluating how
it should be managed in the future
(Wilkinson et al., 2014). The term
‘systems’ in CSE relates to both the
natural and human functioning of
a catchment as ultimately the
stakeholders must agree with the
interventions proposed
(Wilkinson et al., 2014).
Example
Vegetation has been used to
mitigate hillslope instability, thus
reducing several ecological and
human problems (Stokes et al.,
2014).
Belford Catchment, UK uses a
range of different natural ﬂood risk
management measures to reduce
ﬂood risk whilst delivering
multiple beneﬁts, UK (Wilkinson
et al., 2014; Wilkinson et al.,
2010).
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are both helpful for illustrating that the variety of goods and services
generated by ecosystems (Mulder et al., 2015) depends on how natural
systems are protected and managed. However, it can be challenging to
actually use these concepts to support decisions (de Groot et al., 2010;
Hails and Ormerod, 2013; Hauck et al., 2013; Martinez-Harms et al.,
2015).
The four management concepts (columns 1–4) vary along a gradient
of whether they take either a reductionist approach or a more holistic
one, open to multiple objectives, issues and interactions. They also differ
in focus. Furthermore, ecological engineering solutions tend to focus
more on human-led physical interventions aided by technology to
achieve speciﬁc targets. However, regardless of problem framing, it
must be recognised that NBS will always be intervening in complex
socio-ecological systems and indeed many prior studies have identiﬁed
the problems of approaches that are based on overly reductionist or narrow processes (Mazzocchi, 2008). It is therefore essential to describe a
problem for NBS in terms of multiple perspectives that account for the
various links within and between ecological and social systems
(Angelstam et al., 2013), and to consider the multiple social and environmental consequences of any intervention. Even in Europe, this is
still not regularly the case. For example, the rehabilitation of wetland
for ﬂood protection might have positive impacts on multiple ecosystem
services such as climate regulation, water puriﬁcation, provision of habitats and ecotourism, but may at the same time involve trade-offs, with
negative impacts on local farming livelihoods. Existing concepts such as
ecosystem services could thereby usefully inform NBS, potentially providing a common currency for evaluating the consequences of differing
solutions. Previous and current experiences of using all these concepts
can assist in understanding the opportunities and challenges for NBS,
whilst the NBS concept can connect useful insights from each. Experiences from the efforts to apply and implement these existing concepts,
together with insights from Sections 2.2 and 2.3 therefore inform the
priorities and challenges we present in Section 3.
2.2. NBS and sustainability
Like many concepts, NBS makes an explicit link to the pillars of sustainable development, putting social, environmental and economic
dimensions, at least conceptually, at the same level of importance. In
Europe, there has been a strong emphasis on the role of NBS in
fostering innovation in an environmental market ‘to position Europe
as a world leader, both in Research & Innovation on nature-based solutions and in the global market for nature-based solutions’
(European Commission, 2015c, p. 6). This could be problematic if understood narrowly in terms of market driven approaches and cash
ﬂows. Enhanced capacity to understand, intervene in and manage
multiple objectives in complex socio-ecological systems could, on
the other hand, offer new opportunities to tackle cross-cutting societal challenges.
The NBS concept does not explicitly address whether the conservation and protection of biodiversity is a goal or simply a prerequisite or
basis for NBS. Both views are possible (e.g. as mentioned in the formulation of NBS by the European Commission, 2015c). However, in general
NBS appear to be focused on managing and providing multiple ecosystem services at intermediate levels of human use intensity
(Schneiders et al., 2012), rather than at actions exclusively directed towards biodiversity conservation. If NBS are also intended to conserve
biodiversity and ecosystems, this requires explicit articulation and
stronger recognition in NBS projects. These issues relate to the notion
of ‘strong’ versus ‘weak’ sustainability: whilst weak sustainability allows
the substitution of different forms of capital (man-made or technological, human, social, natural), strong sustainability underlines the primary
role of natural capital in sustaining human life, and does not present
natural capital as totally substitutable (Neumayer, 2003).
Lastly, the terminology of ‘solutions’ can lead to assumptions that
problems and needs are clear and agreed. However, as many issues

pertaining to biodiversity and ecosystem management are complex,
there may not even be an agreement about the problems to be solved,
let alone the type of solutions needed (Game et al., 2014). For these reasons, there is a need to better recognize connections within and
between societies and ecosystems, but also to accept uncertainty.
Reﬂection, dialogue and democratic negotiation about the notions of
sustainability and NBS is essential to safeguard socio-environmental
justice (Ekins et al., 2003). To achieve this, examples and principles
are available from attempts to implement other concepts such as the
Ecosystem Approach. This is essential to allow social and environmental
sustainability to be achieved. It will also allow social (and social-ecological) innovation to be fostered, which is one of the desired components
within most formulations of NBS (United Nations, 2016).
2.3. The challenges of NBS as a new umbrella concept for biodiversity and
ecosystem stewardship
A central challenge for an ‘umbrella concept’ like NBS and other
frameworks is where to draw the line as to what is considered as ‘nature’ or ‘natural’. Many interventions may involve speciﬁc uses or manipulations of organisms and ecosystem processes; hence requiring
decisions about acceptable levels of human intervention. For example,
are genetically modiﬁed organisms or biomimicry developments considered as NBS? Additionally, there is potentially a multitude of solutions that could use nature, ranging from small scale land
management to ecosystem restoration, the greening of artiﬁcial surfaces
like green rooftops or green walls in cities, or broad-scale climate
change mitigation and adaptation measures such as afforestation, natural ﬂood control and, potentially, geoengineering. The deﬁnition provided by the European Commission (e.g. 2015) encompasses most of the
above-mentioned examples, except those that “artiﬁcially alter nature,
such as genetically modiﬁed organisms” (p. 24). The existence of a variety of ways to frame and deﬁne the concept is not necessarily problematic, as long as each case makes explicit its rationale and particular
interpretation of NBS. Engaging in pluralistic reﬂection about alternative
framings and conceptualizations can in itself be useful for identifying
what is meant by NBS and the expectations for ‘solutions’ in any particular context.
There are several aspects of the NBS design process that can help to
deﬁne what makes NBS sustainable, and why. Below we present these
as questions. These can provide a logical approach to distinguishing unwanted or even potentially harmful aspects of the ‘solutions’ chosen.
• The range and nature of the problems to be ‘solved’ need speciﬁcation
on a case-by-case basis: Are the problems transient or persistent? By
which communities and/or stakeholders are they mainly experienced? What are the qualities of the problems that have particular implications for ﬁnding solutions?
• Framing of nature is challenging: Is biotic nature only or at least primarily meant, or are abiotic (bio-physical, chemical) ecosystem components and processes included? Is nature/are ecosystems taken as a
whole, including for example water, matter and energy cycles as well
as landscapes and urban environments with artiﬁcial structures and
humans? And, is self-regulatory potential considered an aspect of naturalness and sustainability?
• Most NBS will likely include some degree of alteration and/or ‘design’
of nature (e.g., trade-offs by favouring/choosing one ecosystem service over another, by selecting certain assemblies of species); what
is the level of integrity or ‘naturalness’ in order to still be considered
a NBS?
• Is it possible to consider all the possible pros and cons of an intervention? Is it important to consider both beneﬁts and costs in detail? For
example, in relation to human health, NBS may bring multiple health
beneﬁts (Hartig et al., 2014), but may also contribute to health risks,
such as allergies and infectious diseases (Keune et al., 2013).
• How does the ‘solution’ deal with the complexity of problems, as
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systemic problems with multiple trade-offs cannot be easily broken
down to ‘easy’ solutions?
• Do ‘solutions’ rely on technical/physical types of innovation, and to
what extent are intellectual and social innovations considered? The
common use of terms such as ‘cost-effectiveness’ or ‘innovation’
(often perceived as technological) might indicate a preference for
the former, but a combination will have more chances of contributing
to sustainability (see also discussion on ‘innovation’ in van den Hove
et al. (2012)).
• How can NBS ensure that all relevant stakeholders are considered and
democratically involved, taking into account social cohesion and equity? How can conﬂicting goals and interests be reconciled when creating and choosing options for NBS? How can any differing outcomes of
NBS be anticipated and evaluated, and how can fairness be judged?
Many aspects of these questions also arise when using other existing
concepts, see for example the controversies about the role and application of the ecosystem services concept (Fitter, 2013; Gómez-Baggethun
and Muradian, 2015; Silvertown, 2015). However, the ostensible focus
of NBS on the ‘solutions’ domain may help to tackle some challenges,
by explicitly focusing attention on the actions and inputs needed.
For the practical implementation of NBS, we suggest use of these
questions together with a core framework of elements discussed in
the following section. These elements provide guidance to stimulate
the exploration of new pathways to tackle societal challenges, yet
allow the scope of NBS to be clearly bounded for different areas
(Eggermont et al., 2015; Maes and Jacobs, 2015). Science, policy and
practice groups will be needed to tackle these challenges. Research scientists would especially need to develop a new role to support this
framework, based on transdisciplinarity and a systemic approach to
problem solving and management. In the following section, we present
the elements we consider relevant for enabling effective and equitable
development of NBS. For example, the rehabilitation of wetland for
ﬂood protection might have positive impacts on multiple ecosystem
services such as climate regulation, water puriﬁcation, provision of habitats and ecotourism, but may at the same time involve trade-offs, with
negative impacts on local farming livelihoods.
3. Nature-based solutions in practice: key elements for the
operationalization of the NBS concept
As with all other concepts, NBS will need to be embedded in the
existing policy mix including biodiversity protection measures, spatial
planning, environmental assessment or economic incentives, as well
as in practical applications and trials (Barton et al., 2014). At the same
time, the institutional context will need to evolve to enable the necessary shifts to take place (Maes and Jacobs, 2015). In most cases, the critical decisions about NBS design, costs, location and scale as well as levels
of management intensity will involve a wide range of stakeholders who
may have different ideas and pre-existing ways of managing their problems. Further, NBS will have to become accepted alternatives to other
solutions, which may not be nature-based or may be unsustainable.
For this, we consider the ﬁve steps described in Sections 3.1 through
3.5 as key elements to be addressed in NBS projects, jointly by researchers and other actors (Fig. 1 – designing NBS projects, see also
Cohen-Schacham et al. (2016)). We include examples from current literature for illustration and make use of the main elements identiﬁed
in transdisciplinary research and successful practice in general (e.g.,
Jahn et al., 2012).
3.1. Dealing with uncertainty and complexity: the adaptive management
approach as an example
Uncertainty will be a prevailing characteristic when designing NBS,
given that in many cases NBS deal with complex socio-ecological
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systems whose responses to management and natural factors are
often non-linear, heterogeneous and incompletely known (Seastedt et
al., 2008; Suding et al., 2004). One way of coping with uncertainty,
and limiting the risks of triggering negative responses, is to manage
for increased resilience (Lindenmayer et al., 2008). Some of these practices are incorporated in adaptive management, which is an approach
recommended for dealing with uncertainty, complexity and dynamics.
It includes devising ﬂexible ways to maximize learning opportunities
by applying different strategies, and the consideration of practices as experiments by ensuring that management treatments are replicated and
responses are carefully monitored (Assmuth and Hildén, 2008;
Assmuth et al., 2010; Lindenmayer et al., 2008). Although adaptive
management has proven difﬁcult in practice (Roe et al., 2005;
Westgate et al., 2013); the broad experience gathered so far would
help to support effective NBS implementation.
Adaptive management that includes structured monitoring of ecological responses is rarely implemented (Lindenmayer et al., 2008);
which reﬂects the challenges and costs of such endeavours. However,
there are several models developed for planning and management of,
for instance, protected areas and other demarcated nature areas, such
as Recreation Opportunity Spectrum, Limits of Acceptable Change, Visitor Impact Management, and Visitor Experience and Resource Protection (Newsome et al., 2012). These can all be characterized by their
use of adaptive management, where goals and actions are adapted to
ongoing changes (ecological and social). Such operational models, also
abound in other areas of ecosystem and natural resource use, often include socio-economic perspectives, and as such could feed into the development and application of NBS. The development of an evidencebase that holds details of the circumstances in which NBS work is an essential component of effective adaptive management (see below).
Adaptive management should be coupled with some description of
the critical dimensions of the solution, including societal factors. This
would ensure that NBS would not only function in ecological terms
but would also avoid that they are economically unfeasible or socially
untenable. In some cases, social factors can be incorporated by simply
placing ecological entities and processes in a societal context, in others,
when feasible and relevant, through more detailed and explicit analysis
of the socio-ecological links. In both cases, socio-ecological modelling
can be part of a transdisciplinary learning process, where approaches
to problems and solutions, including values and goals, are deliberated
by experts, practitioners and stakeholders, and adapted where and
when needed (cf. Sections 3.2 and 3.5). Such an approach can yield important opportunities for citizen participation and can result in the inclusion of local knowledge, environmental justice and local economic
growth and an increased understanding of uncertainties and complexities (Irvine and Kaplan, 2001).
3.2. Ensuring the involvement of multiple stakeholders
Any societal problem or issue is likely to be affected by or have effects on several groups of stakeholders. Their involvement is thought
to bring three types of beneﬁt to the process of planning and delivering
improvements in environmental management (Blackstock and
Richards, 2007): (i) ‘substantive’ beneﬁts, as stakeholders' perspectives,
conditions and knowledge inform and improve planning (van den
Hove, 2000); (ii) ‘instrumental’ beneﬁts, as the process becomes better
understood and more acceptable to stakeholders, and hence better supported (Parkins and Mitchell, 2005); and (iii) ‘normative’ beneﬁts, as
stakeholder involvement increases the legitimacy of the process, and
generally supports democracy (Schultz et al., 2010). These beneﬁts
could be translated into the design of NBS, but require that stakeholders
are meaningfully involved and empowered through the NBS process
(e.g., Waylen et al., 2015a; Wyborn, 2015).
The participative process may be more or less complex depending
on the issues to be considered. In particular with NBS that would involve
important trade-offs (see Section 3.5) a participatory process becomes

1222

C. Nesshöver et al. / Science of the Total Environment 579 (2017) 1215–1227

Fig. 1. Processes and dynamics in designing and implementing nature-based solutions, including multidisciplinary and transdisciplinary knowledge creation and use to achieve successful
solutions balancing economic, social and ecological targets.

critical, and can be especially pertinent, when their aim is to better connect people with their local natural resources. There is now much guidance and many ideas about how to facilitate collaborative efforts and
engage relevant stakeholders, for example via analytical-deliberative
approaches (Fish, 2011; Keune and Dendoncker, 2013). These approaches can be demanding in terms of time and skills, but can ensure
co-design, innovation, ownership and later stewardship of NBS
(Armitage et al., 2007; Jones-Walters and Çil, 2011; Reed, 2008). Finally,

stakeholder engagement is also relevant for sharing of knowledge and
learning across and between cases (Keune et al., 2015).
3.3. Ensuring the sound use of multi- and transdisciplinary knowledge
NBS projects will need to be combined with an increase of interdisciplinary work across scientiﬁc domains. We see this as an endeavour
that goes beyond the collaboration that presently takes place, for
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example, between ecological sciences and engineering in many restoration projects, or when ecological and social sciences jointly address the
use of ecosystem services. There is a strong basis for such collaboration
due to the many integrative research activities that have taken place in
the past, but NBS projects are likely to increase the demands for input
and ﬂexibility from different disciplines.
As society will necessarily shape the design, selection, implementation and consequences of NBS, social sciences can help us to understand
the potential and pitfalls of NBS to inform the design of new NBS, and to
improve our general understanding of environmental governance. Social science research can provide insights into how different choices
may affect support for and implementation of NBS, about how to foster
stakeholder deliberation and empowerment (e.g. Reed, 2008), and the
identiﬁcation of relevant, shared social values (Kenter et al., 2014) and
collective actions. Some of this expertise is derived from studies of
existing related approaches (Table 2). For example, the ﬁeld of ecosystem services has advanced in relation to the development of methods
to address the challenge of economic externalities that may occur
when exploiting natural resources (e.g. via Payments for Ecosystem Services projects such as those described by Caro-Borrero et al. (2015)).
However, it also embraces the assessment of multiple and non-monetary beneﬁts from nature (Díaz et al., 2015), indicating that experience
about this and other methods to elicit motivation for choices should
also be considered for promoting change (Santangeli et al., 2016).
Existing governance structures and institutional processes will also affect this issue, and may foster or hinder the search for alternative NBS,
their acceptance and ultimate success. The need to adapt governance
structures must also therefore be taken into account (Rauschmayer
and Wittmer, 2006; Vignola et al., 2013; Waylen et al., 2015b).
There is also a continuing need for NBS to be knowledge-based in
terms of ecological functioning. Despite the wealth of available ecological knowledge, there are still considerable gaps in translating it into actions that can help to design sustainable systems as an integral part of
biodiversity and natural resource management (MA, 2005). There are
presently major challenges in relation to the European MAES - Mapping
and Assessing Ecosystem Services project which has set out to map and
evaluate ecosystem services in terms of their condition and functionality and for the Natural Capital Accounting (NCA) project, precisely at the
link between ecological research and economics (Maes et al., 2013). The
gaps in knowledge are often still of a fundamental character and need to
be addressed in order to inform future NBS projects.
Furthermore, there is a reverse ﬂow of knowledge from practical action to science, guiding the formulation of new, even fundamental questions and of answers to them. Ecology and related disciplines need to
provide up-to-date and broader conceptual frameworks (Suding et al.,
2004) and effective practical tools (Hobbs and Harris, 2001) to support
this two-way ﬂow. Ecological disturbance, ecosystem dynamics and tipping points, population viability, vegetation structural diversity, the role
of keystone species and functional groups, response diversity (Zang et
al., 2014) and landscape connectivity are considered to be critical features that underpin the persistence of ecological functions and the responses of ecosystems to climate change, disturbances and
environmental variability (Lavorel et al., 2015). In addition, ecological
models that show the possible outcomes of human interventions
would be useful tools for planning NBS (for example the European
Commission's NCA).
The representation of the ecological system can be at different degrees of complexity, quantitative or conceptual, but it has to capture
the essence of the system and its dynamics in order to address the problem at hand; which argues for the use of ecological knowledge from as
many sources as possible, including that from practitioners and the
local experience. The collection of data on the ecological aspects before
and after NBS implementation, together with information on the actual
NBS measures taken as well as related socio-economic parameters,
forms a fundamental component of any evidence-base on NBS (see
also Section 3.5).
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3.4. Developing common understanding of multifunctional solutions, tradeoffs and natural adaptation
The involvement of relevant actors and a responsive use of natural
and social sciences as outlined will allow NBS to set their goals based
on a common understanding of the available options, their relative
costs as well as social and ecological impacts (Fig. 1). This is challenging
as the direct and indirect impacts will often be uncertain and may take
time before they become evident, and the estimates of both impacts and
costs will be dependent on value judgments. The understanding of them
is therefore provisional, but helps to create informed and transparent
processes for developing and applying NBS.
Implementing the NBS concept implies the fulﬁlment of multiple
goals. Ideally, clear win-win options can be found, but trade-offs between alternative forms of using nature are ubiquitous (Barton et al.,
2014), and cannot be solved through exact calculus and utility maximization. This is also due to incomplete knowledge (see Section 3.3) and
conﬂicting value attributions. Instead, they require other kinds of approach, such as qualitative, multi-criteria, iterative and experimental,
particularly in line with adaptive management (Prato, 2007; see also
Section 3.1). In addition, NBS projects will face situations where several
options can be appropriate for a particular site, catchment or region,
each of them with different associated costs, beneﬁts, impacts and
risks (Eggermont et al., 2015) and involving different levels of conﬂict
over the use of space (Schindler et al., 2014). Speciﬁcally, maintaining
ecosystem and landscape-level ecological functions often implies hard
trade-offs with other land use options, including provisioning ecosystem services (Schröter et al., 2014). NBS will need to address such
trade-offs and set goals that maintain or restore ecological structures
and functions based on best available knowledge and on an agreement
regarding the impacts, securing compatibility with the level of use and
disturbance.
Complexity in ecosystem responses presents considerable challenges in terms of setting objectives, selecting the appropriate solution
and setting quality standards. It requires ﬂexible and transparent
models of key structures and processes that can gather the best possible
knowledge from science and practice, that are ﬂexible enough to incorporate new knowledge (for instance acquired in a process of adaptive
management and which combine evidence with precaution) and that
make uncertainty explicit (Rumpff et al., 2011). This however raises
the important question of how to maintain natural adaptability when
designing NBS, speciﬁcally how to adjust ecosystem structure, process
and function in response to natural and human disturbance. This can
be achieved for instance, by incorporating ranges of desired or accepted
variability in the formulation of NBS goals, by ensuring that the means
for planning and implementation of NBS are adaptable, by focusing on
ecosystem processes in addition to composition, by prioritizing native
species and local resources, and by following-up and acting on changes
in ecosystems, technologies and in society.
If this is achieved, NBS will foster the transformation in the ecosystem management paradigm, which is to replace the increase-efﬁciency
and single-objective management (e.g., separating conservation, land
use and water issues), with strategies that build on maintaining ecological resilience taking into account the multi-functionality of landscapes
and ecosystems (Hansen and Pauleit, 2014; Schindler et al., 2014).
3.5. Evaluate and monitor for mutual learning
A ﬁnal important element that is often raised in biodiversity conservation and ecological restoration practice, and which is applicable to
NBS, is the development of adequate measures of progress and success
towards agreed goals. This often means selection of a set of easily measurable criteria for the ecological, social and economic effectiveness of
the interventions (e.g., Heink et al., 2015; Hobbs and Harris, 2001),
but which may result in important but less easily measurable ones
being neglected.
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Many indicators have the potential to be considered as success
criteria, but these will need to be clearly related to the speciﬁc ‘solution’
goals in terms of biophysical aspects and ecosystem services (e.g. carbon
sequestration, water use efﬁciency, pollination). The same applies to the
economic and social spheres in terms of value, capital or investment/
revenue in the system or to the effects on health and well-being. In
terms of the above criteria, the outcomes of NBS projects are likely to
be better understood over the long-term, especially for NBS that are applied at large scales.
NBS will often deal with problems that manifest at different spatial
scales from local to regional, national and even global (e.g. NBS for addressing climate or planetary change such as carbon ﬁxation). When
evaluating and monitoring the efﬁciency and effectiveness of NBS a
nested approach across scales is therefore required. Certain local NBS
may easily be monitored in a short time-span and in connection with
locally speciﬁc challenges. The feedback in terms of adapting (management of) such NBS can also occur quickly. When considering larger geographical scales, however, the temporal scale of evaluation will increase
as will the speciﬁcity of reaching predeﬁned goals. As solutions at
various geographical levels are not exclusive, evaluation requires the
possibility of upscaling and downscaling monitoring results and coordinated processing and communication across scales.
The social sciences can be helpful here in offering participatory
evaluative and co-development approaches, as well as quantitative
well-being indicators (e.g., Dallimer et al., 2014). Due to the complexity
of nature and societies, dealing with quality criteria for analytical, deliberative, extended peer review or participatory processes is challenging
(Keune et al., 2014). Rauschmayer et al. (2009) point out that process
outcomes may be valued quite differently from different stakeholder
perspectives. To respond adequately, they propose the use of participatory evaluation in order to respect the legitimacy of different views on
quality, for example Delphi, group-model building and other expert or
stakeholder opinion solicitation and deliberation methods (Sendzimir
et al., 2010). Resulting information can sometimes be most relevant
for politicians and decision-makers as it provides important contextual
information about the human dimension.
4. Summarizing discussion: societal opportunities and challenges of
the NBS concept
Like many umbrella concepts, NBS bring new challenges and opportunities from the perspectives of science, policy and practice. Some of
the likely challenges to be encountered by NBS will be similar to those
encountered by other concepts for managing nature (see Table 2),
whilst others may be unique to NBS. Furthermore, there are still
uncertainties and knowledge gaps in terms of overlap and delineation
associated with linked concepts. For example, stakeholder participation
and the adoption of a truly systemic perspective is extremely difﬁcult
considering the fuzziness and uncertainties regarding the basic
concept. It is therefore important to use all relevant sources of expertise
in developing and applying NBS, and to support and share learning
within and across NBS projects, depending on their focus. Several attempts have already been outlined that identify such areas (see for example Eggermont et al., 2015; European Commission, 2015c;
Cohen-Schacham et al., 2016). For us, the following four areas will
allow for a further speciﬁcation of the elements outlined in Section 3:
i) the maintenance of biodiversity, ecological functions and/or ecosystem services in systems and at scales where human management interacts with natural processes (ecological engineering,
ecosystem approach, ecosystem services management);
ii) the restoration of ecosystems that have been damaged by human
activities (ecological restoration, ecological engineering);
iii) the design of solutions as a mechanism to cope with climate
change and other factors of environmental variability or hazards
(ecosystem services management); and,

iv) the sustainable utilization of nature to contribute to alleviating
challenges in human well-being, including vulnerability, social
justice, economy and culture (ecosystem services management).

These four focus areas will need different kinds of NBS that complement or include existing approaches within them. For example, activities in i) will need to respect existing instruments for nature
protection like protected areas, regulation of use and/or incentives for
nature-friendly practices, whereas activities in ii) will often build on/include ecological engineering approaches. Developing this in a transparent manner will be essential if NBS are to have an added value compared
to existing approaches.
From a scientiﬁc perspective, this calls for a transdisciplinary
research approach that links practitioners, policy-makers and scientists
from different disciplines, and which engages with citizens and other
users and producers of knowledge. Transdisciplinary science is already
encouraged in areas such as the EU Horizon 2020 Programme
(European Commission, 2015a); furthermore, the EU expects city authorities to lead research on NBS for ‘Smart and Sustainable Cities’
(European Commission, 2015b) with a link to green growth and eco-innovation. However, transdisciplinary science will bring its own
challenges, and is still far from being ‘mainstream’ (Angelstam et al.,
2013; Brandt et al., 2013; Keune et al., 2015). Practical support and
guidance will be needed in order to reﬂect potentials and challenges
of cross-sectoral and multi-actor collaboration (Fig. 1). Tackling complex social-environmental problems will often highlight conﬂicts
among different interests or sectors. That creates a major opportunity
for the NBS concept to allow and even invite ‘outside the box’ thinking.
However, careful facilitation will be needed for conﬂicts to be productive in this way (Rauschmayer and Wittmer, 2006).
NBS therefore also offer opportunities for encouraging mainstreaming
of environmental targets into sectors in policy, business and practice that
might not traditionally consider or value the environment, thereby
strengthening the potential for strong sustainability in decision making
(Fig. 1). This might be the biggest strength of the NBS concept, but this
can also bring the risk of ‘overselling nature’ (Rodriguez-Labajos and
Martinez-Alier, 2013) or of encouraging a perception of ecosystems as entirely-substitutable by other assets used by humans. Long-term investment and ﬁnancing will need to be set up in order to reap the
(equitably distributed) beneﬁts of NBS (Fig. 1). In that sense, NBS can become a major contributor to the wider concept of a ‘green economy’,
which is also critically discussed regarding its sustainability perspective
(Brand, 2012; Gasparatos and Willis, 2015). The implementation of NBS
projects will therefore need to be embedded in the corresponding societal
debates and deliberative processes. As a minimum, communication about
NBS should highlight risks from overly-simplistic or optimistic framings
(see for example, the ‘green revolution’ of the 1960s (McIntyre, 2009)
or recent discussions of ‘eco-gentriﬁcation’ (Curran and Hamilton,
2012)). Ideally, a diversity of actors should be involved in the deliberative
processes (Parkins and Mitchell, 2005) that could take place in relation to
the role, scope and appropriateness of interventions premised in relation
to NBS. This will also need a careful reﬂection on institutional arrangements that can enable NBS with such inclusive, long-term and balanced
perspectives.
To have the best chance of success, NBS projects should be based on
a well-balanced, clear, widely accepted and implementable set of key
principles. The considerations set out above can serve as a starting
point and a foundation. The IUCN (2012) deﬁnition of NBS, (see Table
1, Cohen-Schacham et al., 2016) also provides a reference point, and
any rationale should further build on the 12 Malawi principles of the
Ecosystem Approach, which has also been applied in a number of
European contexts (e.g. Apitz et al., 2006; Waylen et al., 2015a). The
principles must allow ﬂexibility to accommodate different types of solutions in the focus areas of NBS, which is crucial for innovation
(Eggermont et al., 2015) whilst ensuring that no dimension of

C. Nesshöver et al. / Science of the Total Environment 579 (2017) 1215–1227

sustainability is overlooked. Developing them in the coming years, including an integrated ‘innovation’ perspective on NBS will also provide
an opportunity to introduce a corresponding framework for evaluation
and monitoring (Fig. 1). In order to utilize the potential of NBS for
managing risks, the frameworks of the International Council for Risk
Governance (IRGC, 2005; IRGC, 2009) for risk governance can be helpful
(cf. Klinke and Renn, 2014; Renn and Klinke, 2013).
To conclude, the new NBS concept should be perceived as an opportunity, but also as a challenge since a good understanding of ecosystem
processes is needed, a diversity of actors must be engaged and a broad
set of societal facts/issues needs to be included and integrated. It is a
chance for sustainability science to achieve more recognition in policy,
projects and practice, and to bring together ideas from all relevant actors. Key open questions about how to implement NBS will remain as
is currently the case for other similar concepts such as adaptive management and the Ecosystem Approach. Whether NBS become something
that goes beyond ‘just another communication tool’ to promote a positive view of ‘nature-based’ and ‘sustainable’ management measures,
and which avoids using old tools with diverse conceptual foundations,
will depend on whether these conceptual and practical challenges can
be addressed when developing projects and linking them across scales,
contexts and people. Bringing together the diversity of context, societal
backdrop and scale will be essential if project funders are to deliver
frameworks within which researchers and other actors are to implement genuine, sustainable nature-based solutions.

Funding
This work was supported by ALTER-Net (Europe's ecosystem
research network, see http://www.alter-net.info) via funding the
exchange that led to this paper, including a workshop held on 29–30
January 2015, hosted by the FU Berlin. GMR contribution was
funded by the OpenNESS project (EU FP7 grant agreement No
308428). EK was also supported by the Hungarian Research Centre of
Excellence (9878-3/2016/FEKUT). KNI, KAW and MEW were also
supported by the Scottish Government Strategic Research Programme
2011–2016.

References
Abson, D., Von Wehrden, H., Baumgärtner, S., Fischer, J., Hanspach, J., Härdtle, W., et al.,
2014. Ecosystem services as a boundary object for sustainability. Ecol. Econ. 103,
29–37.
Admiraal, J., Musters, C., De Snoo, G., 2016. The loss of biodiversity conservation in EU research programmes: thematic shifts in biodiversity wording in the environment
themes of EU research programmes FP7 and Horizon 2020. J. Nat. Conserv. 30, 12–18.
Alcamo, J., Bennett, E.M., Millennium Ecosystem Assessment (Program), 2003. Ecosystems and Human Well-being: A Framework for Assessment. Island Press, Washington, D.C.
Angelstam, P., Andersson, K., Annerstedt, M., Axelsson, R., Elbakidze, M., Garrido, P., et al.,
2013. Solving problems in social-ecological systems: deﬁnition, practice and barriers
of transdisciplinary research. Ambio 42, 254–265.
Apitz, S.E., Elliott, M., Fountain, M., Galloway, T.S., 2006. European environmental management: moving to an ecosystem approach. Integr. Environ. Assess. Manag. 2,
80–85.
Armitage, D., Berkes, F., Doubleday, N., 2007. Adaptive Co-management: Collaboration,
Learning and Multi-level Governance. UBC Press (University of British Columbia),
Vancouver.
Aronson, J., Milton, S.J., Blignaut, J.N., 2007. Restoring Natural Capital – Science. Business,
and Practice. Island Press, p. 400.
Assmuth, T., Hildén, M., 2008. The signiﬁcance of information frameworks in integrated
risk assessment and management. Environ. Sci. Pol. 11, 71–86.
Assmuth, T., Hildén, M., Benighaus, C., 2010. Integrated risk assessment and risk governance as socio-political phenomena: a synthetic view of the challenges. Sci. Total Environ. 408, 3943–3953.
Barton, D.N., Ring, I., Rusch, G.M., 2014. Policyscapes. Natur-based policy mixes for biodiversity conservation and ecosystem services provision. Policy Brief No. 2. POLICYMIX
Project. POLICYMIX project, Trondheim.
Bennett, E.M., Peterson, G.D., Gordon, L.J., 2009. Understanding relationships among multiple ecosystem services. Ecol. Lett. 12, 1394–1404.
Berkes, F., Folke, C., 1992. A systems perspective on the interrelations between natural,
human-made and cultural capital. Ecol. Econ. 5, 1–8.

1225

Blackstock, K.L., Richards, C., 2007. Evaluating stakeholder involvement in river basin
planning: a Scottish case study. Water Policy 9, 493–512.
Brand, U., 2012. Green economy–the next oxymoron? No lessons learned from failures of
implementing sustainable development. GAIA-Econ. Respect. Sci. Soc. 21, 28–32.
Brand, F.S., Jax, K., 2007. Focusing the meaning (s) of resilience: resilience as a descriptive
concept and a boundary object. Ecol. Soc. 12, 23.
Brandt, P., Ernst, A., Gralla, F., Luederitz, C., Lang, D.J., Newig, J., et al., 2013. A review of
transdisciplinary research in sustainability science. Ecol. Econ. 92, 1–15.
Brundtland, G., Khalid, M., Agnelli, S., Al-Athel, S., Chidzero, B., Fadika, L., et al., 1987. Our
Common Future (‘Brundtland Report’).
Caro-Borrero, A., Corbera, E., Neitzel, K.C., Almeida-Lenero, L., 2015. “We are the city
lungs”: payments for ecosystem services in the outskirts of Mexico City. Land Use Policy 43, 138–148.
CEEWEB, ECNC, 2013. Enriching our Society through Natural Solutions: Why and How to
Make Green Infrastructure Projects a Sustainable Answer for Ecological, Social and
Economic Problems? CEEWEB, Budapest
Cohen-Schacham, E., Walters, G., Janzen, C., Maginnis, S., 2016. In: Iucn (Ed.), Naturebased Solutions to Address Global Societal Challenges. IUCN, Galnd, Switzerland
(pp. xiii + 97).
Costanza, R., Daly, H.E., 1992. Natural capital and sustainable development. Conserv. Biol.
6, 37–46.
Costanza, R., D'arge, R., De Groot, R., Farber, S., Grasso, M., Hannon, B., et al., 1998. The
value of ecosystem services: putting the issues in perspective. Ecol. Econ. 25, 67–72.
Curran, W., Hamilton, T., 2012. Just green enough: contesting environmental gentriﬁcation in Greenpoint, Brooklyn. Local Environ. 17, 1027–1042.
Daily, G., 1997. Nature's Services: Societal Dependence on Natural Ecosystems. Island Press.
Daily, G.C., Kareiva, P., Polasky, S., Ricketts, T.H., Tallis, H., 2011. Mainstreaming natural
capital into decisions. In: Kareiva, P., Tallis, H., Ricketts, T.H., Daily, G.C., Polasky, S.
(Eds.), Natural Capital. Theory & Practice of Mapping Ecosystem Services. Oxford University Press, Oxford, UK, pp. 3–14.
Dallimer, M., Tinch, D., Hanley, N., Irvine, K.N., Rouquette, J.R., Warren, P.H., et al., 2014.
Quantifying preferences for the natural world using monetary and nonmonetary assessments of value. Conserv. Biol. 28, 404–413.
Daly, H.E., Farley, J., 2011. Ecological Economics: Principles and Applications. Island Press.
de Groot, R.S., Alkemade, R., Braat, L., Hein, L., Willemen, L., 2010. Challenges in integrating the concept of ecosystem services and values in landscape planning, management
and decision making. Ecol. Complex. 7, 260–272.
Díaz, S., Demissew, S., Carabias, J., Joly, C., Lonsdale, M., Ash, N., et al., 2015. The IPBES conceptual framework — connecting nature and people. Curr. Opin. Environ. Sustain. 14,
1–16.
Eggermont, H., Balian, E., Azevedo, J.M.N., Beumer, V., Brodin, T., Claudet, J., et al., 2015.
Nature-based solutions: new inﬂuence for environmental management and
research in Europe. GAIA - Ecological Perspectives for Science and Society 24,
243–248.
Ekins, P., Simon, S., Deutsch, L., Folke, C., De Groot, R., 2003. A framework for the practical
application of the concepts of critical natural capital and strong sustainability. Ecol.
Econ. 44, 165–185.
European Commission, 2013a. Communication from the Commission to the European
Parliament, the Council, the Economic and Social Committee and the Committee of
the Regions: Green Infrastructure (GI) — Enhancing Europe's Natural Capital, COM
(2013) 249 Final. European Commission, Brussels.
European Commission, 2013b. Communication from the Commission to the European
Parliaments, the Council, the Economic and Social Committee and the Committee
of the Regions: Green Infrastructure (GI) — Enhancing Europe's Natural Capital
{COM (2013) 249ﬁnal}, Brussels.
European Commission, 2015a. Horizon 2020 Work Programme 2016-017 - 17. Cross-cutting Activities (Focus Areas). Brussels.
European Commission, 2015b. Horizon 2020 Work Programme 2016–2017-12. Climate
Action, Environment, Resource Efﬁciency and Raw Materials (European Commission
Decision C (2015) 6776 of 13 October 2015). 2015, Brussels.
European Commission, 2015c. In: Innovation, D.-G.F.R.A. (Ed.), Towards an EU Research
and Innovation Policy Agenda for Nature-based Solutions & Re-naturing Cities Final Report of the Horizon 2020 Expert Group. European Commission, DirectorateGeneral for Research and Innovation, Brussels, p. 74.
Fish, R.D., 2011. Environmental decision making and an ecosystems approach some
challenges from the perspective of social science. Prog. Phys. Geogr. 35, 671–680.
Fitter, A., 2013. Are ecosystem services replaceable by technology? Environ. Resour. Econ.
55, 513–524.
Game, E.T., Meijaard, E., Sheil, D., Mcdonald-Madden, E., 2014. Conservation in a wicked
complex world; challenges and solutions. Conserv. Lett. 7, 271–277.
Gasparatos, A., Willis, K.J., 2015. Biodiversity in the Green Economy. Routledge.
Gómez-Baggethun, E., Muradian, R., 2015. In markets we trust? Setting the boundaries of
market-based instruments in ecosystem services governance. Ecol. Econ. 117,
217–224.
Gómez-Baggethun, E., De Groot, R., Lomas, P.L., Montes, C., 2010. The history of ecosystem
services in economic theory and practice: from early notions to markets and payment
schemes. Ecol. Econ. 69, 1209–1218.
Haase, D., 2015. Reﬂections about blue ecosystem services in cities. Sustainability Water
Qual. Ecol. 5, 77–83.
Hails, R.S., Ormerod, S.J., 2013. EDITORIAL: ecological science for ecosystem services and
the stewardship of natural capital. J. Appl. Ecol. 50, 807–811.
Hansen, R., Pauleit, S., 2014. From multifunctionality to multiple ecosystem services? A
conceptual framework for multifunctionality in green infrastructure planning for
urban areas. Ambio 43, 516–529.
Hartig, T., Mitchell, R., De Vries, S., Frumkin, H., 2014. Nature and health. Annu. Rev. Public
Health vol. 35 (35), 207–20+.

1226

C. Nesshöver et al. / Science of the Total Environment 579 (2017) 1215–1227

Hauck, J., Görg, C., Varjopuro, R., Ratamäki, O., Jax, K., 2013. Beneﬁts and limitations of the
ecosystem services concept in environmental policy and decision making: some
stakeholder perspectives. Environ. Sci. Pol. 25, 13–21.
Heink, U., Hauck, J., Jax, K., Sukopp, U., 2015. Requirements for the selection of ecosystem
service indicators–the case of MAES indicators. Ecol. Indic.
Hobbs, R.J., Harris, J.A., 2001. Restoration ecology: repairing the earth's ecosystems in the
new millennium. Restor. Ecol. 9, 239–246.
IRGC, 2005. In: Governance, I.C.F.R. (Ed.), White paper 1 on risk governance: towards an
integrative approach. International Council for Risk Governance, Geneva.
IRGC, 2009. In: Governance, I.C.F.R. (Ed.), Risk governance deﬁcits. An analysis and illustration of the most common deﬁcits in risk governance. International Council for
Risk Governance, Geneva.
Irvine, K.N., Kaplan, S., 2001. Coping with change: the small experiment as a strategic approach to environmental sustainability. Environ. Manag. 28, 713–725.
IUCN, 2012. The IUCN Programme 2013–2016. IUCN, Gland, p. 30.
Jahn, T., Bergmann, M., Keil, F., 2012. Transdisciplinarity: between mainstreaming and
marginalization. Ecol. Econ. 79, 1–10.
Jansson, A., 1994. Investing in Natural Capital: The Ecological Economics Approach to Sustainability. Island Press.
Jones, S., Somper, C., 2014. The role of green infrastructure in climate change adaptation
in London. Geogr. J. 180, 191–196.
Jones-Walters, L., Çil, A., 2011. Biodiversity and stakeholder participation. J. Nat. Conserv.
19, 327–329.
Kenter, J., Reed, M., Irvine, K., O'brien, E., Brady, E., Bryce, R., et al., 2014. UK National Ecosystem Assessment Follow-on. Work Package Report 6: Shared, Plural and Cultural
Values of Ecosystems. UNEP-WCMC, LWEC, UK.
Keune, H., Dendoncker, N., 2013. Negotiated complexity in ecosystem services science
and policy making. Ecosystem Services. Global Issues, Local Practices. Elsevier,
pp. 167–180.
Keune, H., Kretsch, C., De Blust, G., Gilbert, M., Flandroy, L., Van Den Berge, K., et al., 2013.
Science–policy challenges for biodiversity, public health and urbanization: examples
from Belgium. Environ. Res. Lett. 8, 025015.
Keune, H., Koppen, G., Morrens, B., Colles, A., 2014. Extended peer evaluation of an analytical deliberative decision support procedure in environmental health practice. Eur.
J. Risk Regul. 5 (1), 25–35.
Keune, H., Dendoncker, N., Popa, F., Sander, J., Kampelmann, S., Boeraeve, F., et al., 2015.
Emerging ecosystem services governance issues in the Belgium ecosystem services
community of practice. Ecosystem Services 16, 212–219.
Klinke, A., Renn, O., 2014. Expertise and experience: a deliberative system of a functional
division of labor for post-normal risk governance. Innovation: The European Journal
of Social Science Research 27, 442–465.
Kopperoinen, L., Itkonen, P., Niemela, J., 2014. Using expert knowledge in combining
green infrastructure and ecosystem services in land use planning: an insight into a
new place-based methodology. Landsc. Ecol. 29, 1361–1375.
Lavorel, S., Colloff, M.J., Mcintyre, S., Doherty, M.D., Murphy, H.T., Metcalfe, D.J., et al.,
2015. Ecological mechanisms underpinning climate adaptation services. Glob.
Chang. Biol. 21, 12–31.
Lindenmayer, D., Hobbs, R.J., Montague-Drake, R., Alexandra, J., Bennett, A., Burgman, M.,
et al., 2008. A checklist for ecological management of landscapes for conservation.
Ecol. Lett. 11, 78–91.
MA, 2005. Millennium Ecosystem Assessment - Ecosystems and Human Well-being. vol.
5. Island Press, Washington, DC.
Maes, J., Jacobs, S., 2015. Nature-based solutions for Europe's sustainable development.
Conserv. Lett. http://dx.doi.org/10.1111/conl.12216.
Maes, J., Teller, A., Erhard, M., Liquete, C., Braat, L., Berry, P., et al., 2013. In: Commission E.
(Ed.), Mapping and Assessment of Ecosystems and Their Services. An Analytical
Framework for Ecosystem Assessments Under Action 5 of the EU Biodiversity Strategy to 2020. European Commission, Luxembourg.
Martinez-Harms, M.J., Bryan, B.A., Balvanera, P., Law, E.A., Rhodes, J.R., Possingham, H.P., et
al., 2015. Making decisions for managing ecosystem services. Biol. Conserv. 184,
229–238.
Mazzocchi, F., 2008. Complexity in biology. EMBO Rep. 9, 10–14.
Mcintyre, B.D., 2009. International Assessment of Agricultural Knowledge, Science and
Technology for Development (IAASTD): Synthesis Report With Executive Summary:
A Synthesis of the Global and Sub-global IAASTD Reports.
Mitsch, W.J., Jorgensen, S.E., 1989. Ecological Engineering: An Introduction to
Ecotechnology. John Wiley & Sons, New York.
Mitsch, W.J., Jørgensen, S.E., 2004. Ecological Engineering and Ecosystem Restoration.
John Wiley & Sons.
Morris, J.T., 2007. Ecological engineering in intertidial saltmarshes. Hydrobiologia 577,
161–168.
Mulder, C., Bennett, E.M., Bohan, D.A., Bonkowski, M., Carpenter, S.R., Chalmers, R., et al.,
2015. Chapter one - 10 years later: revisiting priorities for science and society a
decade after the millennium ecosystem assessment. In: Guy, W., David, A.B. (Eds.),
Adv. Ecol. Res. 53. Academic Press, pp. 1–53
Natural Capital Coalition, 2016. Webpage: What is Natural Capital? Natural Capital Coalition, London, UK
Natural Capital Initiative, 2016. Webpage: Glossary of Terms, London, UK.
Naumann, S., Davis, M., Kaphengst, T., Pieterse, M., Rayment, M., 2010. Design, implementation and cost elements of green infrastructure projects. Final Report to the European Commission, DG Environment, Contract: 577182.
Nesshöver, C., Prip, C., Wittmer, H., 2015. Biodiversity governance: a global perspective
from the Convention on Biological Diversity. In: Gaspartos, A., Willis, K.J. (Eds.), Biodiversity in the Green Economy. Routledge, London, pp. 289–308.
Neumayer, E., 2003. Weak Versus Strong Sustainability: Exploring the Limits of Two Opposing Paradigms. Edward Elgar Publishing.

Newsome, D., Moore, S.A., Dowling, R.K., 2012. Natural Area Tourism: Ecology, Impacts
and Management. vol 58. Channel View Publications.
Odum, H., 1962. Man in the ecosystem. Conn. Storrs Agric. Exp. Stat. Bull 652, 75–75.
Palomo, I., Martín-López, B., López-Santiago, C., Montes, C., 2011. Participatory scenario
planning for protected areas management under the ecosystem services framework:
the Doñana social-ecological system in Southwestern Spain. Ecol. Soc. 16.
Parkins, J.R., Mitchell, R.E., 2005. Public participation as public debate: a deliberative turn
in natural resource management. Soc. Nat. Resour. 18, 529–540.
Pound, D., 2008. From conﬂict to consensus to the ecosystem approach. Governing Shared
Resources: Connecting Local Experience to Global Challenges, the Twelfth Biennial
Conference of the International Association for the Study of Commons, Cheltenham,
UK, July 14–18, 2008.
Prato, T., 2007. Adaptive ecosystem management. Sustaining Rocky Mountain Landscapes: Science, Policy, and Management for the Crown of the Continent Ecosystem.
249.
Primmer, E., Jokinen, P., Blicharska, M., Barton, D.N., Bugter, R., Potschin, M., 2015. Governance of ecosystem services: a framework for empirical analysis. Ecosyst. Serv. 16,
158–166.
Quinn, P., Burke, S., Wilkinson, M., Hewett, C., Jonczyk, J., 2010. Catchment science and engineering. British Hydrological Society International Symposium.
Rauschmayer, F., Wittmer, H., 2006. Evaluating deliberative and analytical methods for
the resolution of environmental conﬂicts. Land Use Policy 23, 108–122.
Rauschmayer, F., van den Hove, S., Koetz, T., 2009. Participation in EU biodiversity governance: how far beyond rhetoric? Eviron. Plann. C. Gov. Policy 27, 42.
Reed, M.S., 2008. Stakeholder participation for environmental management: a literature
review. Biol. Conserv. 141, 2417–2431.
Renn, O., Klinke, A., 2013. A framework of adaptive risk governance for urban planning.
Sustain. For. 5, 2036–2059.
Rey, F., Cécillon, L., Cordonnier, T., Jaunatre, R., Loucougaray, G., 2015. Integrating
ecological engineering and ecological intensiﬁcation from management practices to ecosystem services into a generic framework: a review. Agron. Sustain.
Dev. 1–11.
Ring, I., Hansjuergens, B., Elmqvist, T., Wittmer, H., Sukhdev, P., 2010. Challenges in framing the economics of ecosystems and biodiversity: the TEEB initiative. Curr. Opin. Environ. Sustain. 2, 15–26.
Roberts, D., Boon, R., Diederichs, N., Douwes, E., Govender, N., Mcinnes, A., et al., 2012. Exploring ecosystem-based adaptation in Durban, South Africa: “learning-by-doing” at
the local government coal face. Environ. Urban. 24, 167–195.
Rodriguez-Labajos, B., Martinez-Alier, J., 2013. The economics of ecosystems and biodiversity: recent instances for debate. Conserv. Soc. 11, 326–342.
Roe, E., Schulman, P., Van Eeten, M., De Bruijne, M., 2005. High-reliability bandwidth
management in large technical systems: ﬁndings and implications of two case studies. J. Public Adm. Res. Theory 15, 263–280.
Rumpff, L., Duncan, D., Vesk, P., Keith, D., Wintle, B., 2011. State-and-transition modelling
for adaptive management of native woodlands. Biol. Conserv. 144, 1224–1236.
Santangeli, A., Arroyo, B., Dicks, L.V., Herzon, I., Kukkala, A.S., Sutherland, W.J., et al., 2016.
Voluntary non-monetary approaches for implementing conservation. Biol. Conserv.
197, 209–214.
Schindler, S., Sebesvari, Z., Damm, C., Euller, K., Mauerhofer, V., Schneidergruber, A., et al.,
2014. Multifunctionality of ﬂoodplain landscapes: relating management options to
ecosystem services. Landsc. Ecol. 29, 229–244.
Schneiders, A., Van Daele, T., Van Landuyt, W., Van Reeth, W., 2012. Biodiversity and ecosystem services: complementary approaches for ecosystem management? Ecol. Indic.
21, 123–133.
Schröter, M., Remme, R.P., Hein, L., 2012. How and where to map supply and demand of
ecosystem services for policy-relevant outcomes? Ecol. Indic. 23, 220–221.
Schröter, M., Rusch, G.M., Barton, D.N., Blumentrath, S., Nordén, B., 2014. Ecosystem Services and Opportunity Costs Shift Spatial Priorities for Conserving Forest Biodiversity.
Schultz, L., Duit, A., Folke, C., 2010. Participation, adaptive co-management, and management performance in the world network of biosphere reserves. World Dev. 39,
662–671.
Schumacher, E.F., 1973. Small is Beautiful: Economics as if People Mattered. Harper et
Row, New York.
Se, P., 2011. PUMA's Environmental Proﬁt and Loss Account for the Year Ended 31 December 2010. Herzogenaurach, Germany.
Seastedt, T.R., Hobbs, R.J., Suding, K.N., 2008. Management of novel ecosystems: are novel
approaches required? Front. Ecol. Environ. 6, 547–553.
Sendzimir, J., Magnuszewski, P., Barreteau, O., Ferrand, N., Daniell, K., Haase, D., 2010. Participatory modeling. In: Mysiak, J.E.A. (Ed.), Guidebook for the Adaptive Water Resource Management. Earthscan, London, pp. 39–42.
Silvertown, J., 2015. Have ecosystem services been oversold? Trends Ecol. Evol. 30,
641–648.
Star, S.L., Griesemer, J.R., 1989. Institutional ecology, translations' and boundary objects:
amateurs and professionals in Berkeley's Museum of Vertebrate Zoology, 1907–39.
Soc. Stud. Sci. 19, 387–420.
Stokes, A., Douglas, G.B., Fourcaud, T., Giadrossich, F., Gillies, C., Hubble, T., et al., 2014.
Ecological mitigation of hillslope instability: ten key issues facing researchers and
practitioners. Plant Soil 377, 1–23.
Suding, K.N., Gross, K.L., Houseman, G.R., 2004. Alternative states and positive feedbacks
in restoration ecology. Trends Ecol. Evol. 19, 46–53.
Takacs, D., 1996. The Idea of Biodiversity: Philosophies of Paradise.
TEEB, 2010a. The Economics of Ecosystems and Biodiversity: Mainstreaming the Economics of Nature - A Synthesis of the Approach, Conclusions and Recommendations of
TEEB. UNEP, Bonn.
Turner, R., Daily, G., 2008. The ecosystem services framework and natural capital conservation. Environ. Resour. Econ. 39, 25–35.

C. Nesshöver et al. / Science of the Total Environment 579 (2017) 1215–1227
UNEP, 1993. Convention on Biological Diversity. 1760 UNTS 79; 31 ILM 818 (1992). UNEP,
Nairobi.
UNEP, 2010. Report of the Third ad hoc Intergovernmental and Multi-stakeholder Meeting on an Intergovernmental Science-policy Platform on Biodiversity and Ecosystem
Services (“Busan Outcome”) - UNEP/IPBES/3/3. UNEP, Nairobi.
UNEP/CBD, 2000. Ecosystem approach. Decisions adopted by the Conference of the
Parties to the Convention on Biological Diversity at its Fifth Meeting, Nairobi, 15–26
May 2000, pp. 103–109.
United Nations, 2016. Sustainable Development Goals. 2016. UN.
US Army Corps of Engineers, 2013. Coastal Risk Reduction and Resilience. CWTS 2013-3.
Directorate of Civil Workds, US Army Corps of Engineers, Washington.
van den Hove, S., 2000. Participatory approaches to environmental policy-making: the
European Commission Climate Policy Process as a case study. Ecol. Econ. 33, 457–472.
van den Hove, S., Mcglade, J., Mottet, P., Depledge, M.H., 2012. The Innovation Union: a
perfect means to confused ends? Environ. Sci. Pol. 16, 73–80.
Vignola, R., Locatelli, B., Martinez, C., Imbach, P., 2009. Ecosystem-based adaptation to climate change: what role for policy-makers, society and scientists? Mitig. Adapt.
Strateg. Glob. Chang. 14, 691–696.
Vignola, R., Mcdaniels, T.L., Scholz, R.W., 2013. Governance structures for ecosystembased adaptation: using policy-network analysis to identify key organizations
for bridging information across scales and policy areas. Environ. Sci. Pol. 31,
71–84.
Wackernagel, M., Rees, W.E., 1997. Perceptual and structural barriers to investing in natural capital: economics from an ecological footprint perspective. Ecol. Econ. 20, 3–24.

1227

Waylen, K., Hastings, E., Banks, E., Holstead, K., Irvine, R., Blackstock, K., 2014. The need to
disentangle key concepts from ecosystem-approach jargon. Conserv. Biol. 28,
1215–1224.
Waylen, K.A., Blackstock, K.L., Holstead, K.L., 2015a. How does legacy create sticking
points for environmental management? Insights from challenges to implementation
of the ecosystem approach. Ecol. Soc. 20.
Waylen, K.A., Blackstock, K.L., Marshall, K., Dunglinson, J., 2015b. The participationprescription tension in natural resource management: the case of diffuse pollution in Scottish water management. Environmental Policy and Governance 25,
111–124.
Westgate, M.J., Likens, G.E., Lindenmayer, D.B., 2013. Adaptive management of biological
systems: a review. Biol. Conserv. 158, 128–139.
Wilkinson, M.E., Quinn, P.F., Welton, P., 2010. Runoff management during the September
2008 ﬂoods in the Belford catchment, Northumberland. J. Flood Risk Manage. 3,
285–295.
Wilkinson, M., Quinn, P., Barber, N., Jonczyk, J., 2014. A framework for managing runoff
and pollution in the rural landscape using a catchment systems engineering approach. Sci. Total Environ. 468, 1245–1254.
Wilson, E.O., 1988. Biodiversity. National Academy Press, New York.
Wyborn, C., 2015. Connectivity conservation: boundary objects, science narratives and
the co-production of science and practice. Environ. Sci. Pol. 51, 292–303.
Zang, C., Hartl-Meier, C., Dittmar, C., Rothe, A., Menzel, A., 2014. Patterns of drought tolerance in major European temperate forest trees: climatic drivers and levels of variability. Glob. Chang. Biol. 20, 3767–3779.

