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A B S T R A C T

Cities face increasing environmental, social and economic challenges that together threaten the resilience of
urban areas and the residents who live and work there. These challenges include chronic stresses and acute
shocks, amplified by climate change impacts. Nature-based solutions have emerged as a concept for integrating
ecosystem-based approaches to address a range of societal challenges. Nature-based solutions directly address
and contribute to increased urban resilience. However, implementing nature-based solutions is inherently
complex, given the range of ecosystem services, their multi-functionality and the trade-offs between functions,
and across temporal and spatial scales. Urban planning can play a substantial role to support the implementation
of nature-based solutions and to manage trade-offs and conflicts, as well as how social equity dimensions are
considered. This paper presents a framework that guides the application of urban planning to nature-based
solutions’ implementation, by addressing key trade-offs across temporal, spatial, functional and social equity
aspects. The framework highlights the key questions, and the supporting information required to address these
questions, to underpin the inclusion of nature-based solutions for urban resilience. We find that while urban
planning can contribute substantially, there are continuing gaps in how the inherently anthropocentric urban
planning processes can give voice to non-human nature.

1. Introduction

Cities are facing increasing environmental, social and economic
challenges that together threaten the resilience of urban areas and the
residents who live and work there. These challenges include both
chronic stresses and acute shocks. Climate change impacts are ampli-
fying these challenges. Nature-based solutions have emerged as a con-
cept for integrating a range of ecosystem-based approaches to address a
range of societal challenges. Nature-based solutions directly address
and contribute to increased urban resilience, but understandings of the
mechanisms and vehicles for their implementation in cities are still
being developed. There is potential for mainstreaming nature-based
solutions through integration into urban planning approaches, but these
are not yet well developed in either research or practice.

This conceptual paper demonstrates how nature-based solutions
contribute to building urban resilience, and the roles required of urban
planning in operationalising or implementing nature-based solutions.
To do this, the paper reviews and brings together three bodies of lit-
erature to propose a framework for urban planning approaches to im-
plementation of nature-based solutions. We first review the

development of concepts of urban resilience and nature-based solutions
and ecosystem services. We highlight the complexity of delivering
nature-based solutions through the lens of ecosystem services, and
nature-based solutions’ multifunctionality. Our review highlights key
gaps in nature-based solutions’ conceptual framing, namely how social
equity is addressed, and the range of trade-offs between functions and
services and across time and space. Following this, we discuss the roles
of urban (land-use) planning in the planning and management of cities,
and how urban planning addresses trade-offs. We bring together the
three bodies of literature to propose a framework for integrating nature-
based solutions into urban planning, and demonstrate its application for
strengthening urban resilience (Fig. 1).

2. Literature review

2.1. Urban resilience

The resilience of cities is dependent upon their ability to adjust and
adapt in the face of change (Alberti & Marzluff, 2004; Alberti et al.,
2003; Pickett, Cadenasso, & Grove, 2004). Resilience encompasses
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responding to the gradual change and chronic stresses, often of socio-
economic nature, and the abrupt change or acute shocks, often related
to natural disasters (Resilient Melbourne, 2016). In this sense, ‘resi-
lience’ is about more than recovering or rebuilding (Campanella, 2006;
Elmqvist, Barnett, & Wilkinson, 2014). Resilience describes the ability
of a system to “thrive during times of stability, and to adapt, organise
and grow in response to change or disruption” (Gardner, 2019, p. 10).
Urban resilience, according to Elmqvist et al. (2014) “is therefore about
navigating a desirable system trajectory and state rather than avoiding
abrupt change and collapse” (p. 22).

Resilience has become an important issue in urban policy (Davoudi
et al., 2012). As ‘resilience’ has grown in influence, a wide range of
international, national, metropolitan, and urban initiatives have been
established (Wilkinson, 2011). Building urban resilience requires long-
term, integrated approaches to urban planning and development
(Antrobus, 2011), as well as a diverse range of disciplines, perspectives,
and mechanisms, which bring together different approaches to explore
viable transition pathways (Coaffee, 2013; Collier et al., 2013; Elmqvist
et al., 2014; Meerow, Newell, & Stults, 2016). Recent literature around
the operationalisation and implementation of urban resilience argues
the need to reframe resilience, better understand the trade-offs, and link
to issues of institutional embedding of new practices and policies
(Chelleri, Waters, Olazabal, Minucci, & Urbanization, 2015; Coaffee
et al., 2018). Furthermore, acknowledging the interlinkages between
resilience and sustainability can better support desirable trajectories for
urban transitions (Elmqvist et al., 2019).

Governance also needs to shift towards more anticipatory and
proactive approaches (Coaffee et al., 2018), and connecting different
actors and sectors in order to focus on “mainstreaming a resilience
approach in all the city-level decision making” (Coaffee et al., 2018, p.
404). Studies show that despite the growing popularity of resilience,
there is an implementation gap between resilience as an ambitious
objective, and the capacity to govern resilience in practice at the urban
level (Wagenaar & Wilkinson, 2015, p. 1265). Others have identified a
gap in terms of the transformative potential of resilience initiatives, as
many continue to reproduce the status quo, neglecting the implications
for social justice and equity (Anguelovski, Connolly, & Brand, 2018;
Fainstein, 2018). In reframing urban resilience, it is critical to focus on
the politics of resilience, such as resilience from what, to what, and who

gets to decide, as well as where, when, and why (Meerow & Newell,
2016; Meerow et al., 2016).

2.2. Nature-based solutions and ecosystem services

Ecological systems provide a wide range of functions which benefit
humans and the cities in which they live. ‘Nature-based solutions’ has
emerged as a concept, or umbrella term, for ecosystem-based ap-
proaches to address the societal challenges of climate change, natural
disasters, food and water security, human health and well-being, and
economic and social development (Cohen-Shacham, Walters, Janzen, &
Maginnis, 2016; EC, 2015). Nature-based solutions address these soci-
etal challenges through the delivery of ‘ecosystem services’. The MEA
(2003) identified four categories of services: provisioning, regulating,
cultural and supporting. Gómez-Baggethun et al. (2013) utilised the
concept to highlight the provision of ecosystem services in urban areas
that contribute to a city’s resilience. The ecosystem services framework,
in providing a simple, clear and useable typology, has been widely
adopted in research literature (McDonough, Hutchinson, Moore, &
Hutchinson, 2017), is being operationalised in policies, planning and
practice (Ainscough et al., 2019; Jax et al., 2018), and acts a ‘boundary
object’ to facilitate communication and collaboration between dis-
ciplines and sectors (Abson et al., 2014).

However, the concept is not without its criticisms. These revolve
around the conceptualisation of ecosystem services being fundamen-
tally anthropocentric and grounded in an economic approach that as a
result excludes the intrinsic values of nature and non-human species,
potentially leading to commodification of nature, and exploitative
human-nature relationships (Schröter et al., 2014). While earlier ap-
plications of the term often focused on economic valuations of ‘natural
capital’ (Costanza et al., 1997), considerable research since then has
contributed to substantially more complex, holistic and inter-
disciplinary understandings and applications (McDonough et al., 2017).
The complexity of ecological processes that can span both services and
‘disservices’, sometimes simultaneously, has also been highlighted
(Lyytimäki, 2015; Saunders & Luck, 2016). However, Saunders and
Luck (2016) suggested that resorting to simplified dichotomies should
be resisted, instead advocating for adoption of a “more nuanced, hol-
istic approach” that addresses complexity and the temporal and spatial

Fig. 1. Planning nature-based solutions for urban resilience: conceptual relationships.
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context of specific ecosystems. Others have raised questions in relation
to how the concept addresses issues of the distribution of wealth,
power, equity and access to urban ecosystems (for example Kull,
Arnauld de Sartre, & Castro-Larrañaga, 2015). Addressing these di-
mensions, particularly in urban contexts, reinforces the roles for urban
planning and governance in the implementation of ecosystem services
and nature-based solutions, and in considering trade-offs and how they
can be resolved or managed.

2.3. Relationship between urban resilience and nature-based solutions

Urban resilience is increased through the inclusion of nature-based
solutions and their associated delivery of ecosystem services in urban
areas (Table 1). Ecosystem services contribute to thriving cities during
times of stability, particularly through the provision of cultural eco-
system services that bring social, cultural and community benefits and
wellbeing. Nature-based solutions and urban green spaces provide the
location for recreation, social interaction, building community cohesion
and contributing to physical and mental health and wellbeing (Jennings
& Bamkole, 2019). These services contribute to enhanced resilience to
the chronic stresses and gradual changes to which cities are exposed.
Increasingly, the contributions of ecosystems services are also being
recognised as contributing to resilience to sudden change, disruptions
and natural disasters (Cohen-Shacham et al., 2016). Ecosystems can
buffer cities and enhance their resilience by mitigating the impacts of
climate change, including heatwaves and storms (Kabisch et al., 2016).
Compared with conventional, engineered adaptation measures that are
often associated with “high costs, inflexibility and conflicting interests”
(Brink et al., 2016, p. 111), nature-based solutions and “ecosystem-
based adaptation” are potentially more resilient and cost-effective
(Kabisch et al., 2016; Temmerman et al., 2013). Nature-based solutions
effectively act as decentralised, distributed systems of infrastructure

service provision, which are usually inherently more resilient than
large, centralised grey infrastructure (Depietri & McPhearson, 2017).

Any discussion of the links between resilience and nature-based
solutions should also be extended to encompass the resilience (or vul-
nerability) of ecosystems themselves. Climate change has major impacts
on ecosystems (Li, Wu, Liu, Zhang, & Li, 2018). Ecosystem resilience
focuses on maintaining the health and capacity for ecosystems to con-
tinue to function and provide ecosystem services (Xu, Marinova, & Guo,
2015), even in the face of both biophysical and ‘societal challenges’
highlighted previously. This requires dynamic urban systems that are
adaptive to impacts of climate change as well as other environmental
changes and impacts of urbanisation. The extent to which urban eco-
systems, as isolated pockets of green space within the built environ-
ment, can themselves be resilient may be limited, but could be sup-
ported with active management, selection of temperature-adapted
species, creation of connected networks and control of habitat dis-
turbance and destruction processes (Garrard, Williams, Mata, Thomas,
& Bekessy, 2017; Kendal et al., 2018; Parris et al., 2018).

We have shown how nature-based solutions have central roles in
building and maintaining many aspects of urban resilience. However,
there are key gaps in the framing of nature-based solutions, as well as in
research on nature-based solutions for urban resilience, in the areas of
equity and trade-offs. Brink et al. (2016), in a review of research on
‘ecosystem-based adaptation’, a concept closely aligned with ‘nature-
based solutions’ (Dorst, van der Jagt, Raven, & Runhaar, 2019), found
that few articles considered equity, and that the normative and ethical
aspects require more attention. Furthermore, when nature-based solu-
tions are planned and managed to primarily address single function
priorities (such as heat mitigation, carbon sequestration or biodiversity
habitat provision), there are trade-offs between priority functions and
the multiple other functions and services (Mexia et al., 2018). Raymond
et al. (2017) highlighted the multifunctionality of nature-based

Table 1
Nature-based solutions’ contributions to enhancing urban resilience.

Urban resilience elements Nature-based solutions (NBS) contributions

Climate change, crisis, and disaster response and management
(Chelleri et al., 2015; Coaffee et al., 2018)

Ecosystem services contribute to mitigation of natural disasters and climate change, as well
as adaptation to and recovery from disasters and crises, for both biophysical and social
systems
(Cohen-Shacham et al., 2016; Gómez-Baggethun et al., 2013)

Maintain or rapidly return to desired functions in the face of a disturbance; quickly
transform systems that limit current or future adaptive capacity
(Meerow et al., 2016)

Local provision of ecosystem services confers resilience; however, resilience of NBS may be
constrained by lack of (bio)diversity, and lack of response diversity (management regimes)
(McPhearson et al., 2015)

Address underlying risk factors and reduce exposure and vulnerability of people
and assets to current and future threats
(Coaffee et al., 2018)

NBS for decreasing vulnerability and enhancing resilience of cities to climate change
(Brink et al., 2016; Kabisch et al., 2016)

Mutual interactions between social and ecological systems across multiple scales
(Quigley, Blair, & Davison, 2018)

NBS can provide the location to create, strengthen, and reinforce a focus on complexity and
interactions in social-ecological systems, which in turn supports governance and planning
approaches to resilience
(McPhearson et al., 2015)

Maintain function (insurance value)
(McPhearson et al., 2015;Quigley et al., 2018)

Continued delivery of ecosystem services despite variability, disturbance and management
uncertainty
(McPhearson et al., 2015)

Maintain (bio)diversity
(Biggs et al., 2012)

Nature takes many forms and functionsNBS maintain biological and cultural diversity and
the ability of ecosystems to evolve over time
(Cohen-Shacham et al., 2019; Dorst et al., 2019)

Flexibility
(Biggs et al., 2012; McPhearson et al., 2015)

Alternative uses (synchronous, intra or inter temporal time scales); reversibility of decisions
Can be implemented alone or in an integrated manner with other solutions to societal
challenges (e.g., technological and engineering solutions)
(Cohen-Shacham et al., 2019; Dorst et al., 2019; McPhearson et al., 2015)

Connected network
(Biggs et al., 2012)

NBS applied at a landscape scale creates a connected network
(Cohen-Shacham et al., 2019)

Localised approaches
(Biggs et al., 2012)

Adaptation to place-based conditions; determined by site-specific natural and cultural
contexts that include traditional, local and scientific knowledge
(Cohen-Shacham et al., 2019; Dorst et al., 2019)

Social learning
(Quigley et al., 2018)

NBS feedback to humans through monitoring delivery of ecosystem services
(McPhearson et al., 2015)

Participation
(Biggs et al., 2012)

Produce societal benefits in a fair and equitable way in a manner that promotes transparency
and broad participation
(Cohen-Shacham et al., 2019)
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solutions, but the lack of research or practical guidance that addresses
this complexity.

Five key trade-offs have been identified across the urban resilience
and the nature-based solutions literature. They are:

• Temporal
• Spatial
• Functional
• Social equity
• Species
Temporal trade-offs highlight that an approach used at one time can

affect future opportunities (Chelleri et al., 2015). Spatial trade-offs exist
primarily in two ways, cross-scale and between-scale. Cross-scale trade-
offs are related to geography where plans or interventions in one lo-
cation may impact another location. Between-scale trade-offs are re-
lated to capacity for resilience within communities or locations
(Chelleri et al., 2015). Functional trade-offs are related to delivery of
services in which prioritising one service may prevent or alter the de-
livery of another service (Mexia et al., 2018; Turkelboom et al., 2018).
Social equity trade-offs refer to the uneven distribution of benefits and
costs associated with provision of ecosystem services and proximity to
nature-based solutions and urban green spaces (Kabisch et al., 2016).
Species trade-offs emphasise that habitat and ecosystem management
decisions and actions will favour some species and exclude others
(Parris et al., 2018).

We argue that these trade-offs and gaps in conceptualisation and
delivery of urban resilience and nature-based solutions reinforce the
need to learn from and incorporate other disciplines. Urban planning
has been identified as an approach to help address the trade-offs
highlighted above (Turkelboom et al., 2018). Urban planning can both
support nature-based solutions’ implementation as well as provide
tactics for addressing shortcomings to achieve urban resilience. The
following section reviews the role of urban (land-use) planning and how
it addresses trade-offs, particularly from the perspective of strategic and
collaborative planning.

2.4. Urban planning

Urban planning is concerned with shaping cities, towns, and regions
by managing development, infrastructure, and services. Urban plan-
ning, also known as land use, physical or spatial planning, is a spatial
exercise to provide structure to activities through long-term thinking
and decision making to guide future action (Wheeler, 2013). The
practice of planning seeks to answer three fundamental questions:
Where are we now? Where do we want to go? How do we get there?
Urban planning is the intentional and explicit intervention in the built
environment through the development of plans, programs and design.
Rather than have cities progress indiscriminately, urban planners set a
normative course to move towards a goal, that for many cities globally,
is increasingly focused on achieving a more sustainable, resilient,
compact, integrated, equal, and just future (Wheeler, 2013).

Urban living creates both benefits and risks for quality of life (Rydin
et al., 2012), making urban planning inherently complex (creating
‘wicked problems’ as Rittel and Webber (1973) contended). There is
always more than one objective for land use, including economic
growth, fair distribution of income, social cohesion and stability, re-
duction of psychological stress, a healthy environment free from pol-
lutants and hazards, a beautiful landscape and so on, and the processes
are multidimensional (Albrechts, 2004). Planning is a continuous pro-
cess of choosing strategically through time (Friend & Hickling, 2005);
planners must clarify how an area could benefit from proposed change,
and how it may be affected (Healey, 2009). Planning must be “selective
and oriented to issues that really matter. As it is impossible to do ev-
erything that needs to be done, “strategic” implies that some decisions
and actions are considered more important than others and that much

of the process lies in making the tough decisions about what is most
important for the purpose of producing fair, structural responses to
problems, challenges, aspirations and diversity” (Albrechts, 2004, pp.
751–752).

Since the 1980s, collaborative planning has dominated urban
planning discourse (Purcell, 2009) and “enjoys a privileged position in
planning theory and practice” (Raynor, Doyon, & Beer, 2017, p. 217).
Collaborative planning conceptualises an inclusive approach for ex-
panding institutional capacity and helping local communities (Healey,
1998). It emerged alongside a growing interest in social democracy and
justice, and an acknowledgement of deep inequalities of access to de-
cision-making processes (Legacy, 2010; Schatz & Rogers, 2016), as well
as the belief that technical and scientific advisors (i.e. planners) would
benefit from the knowledge and experience of place of the communities
they are serving (Corburn, 2003). Collaborative planning aims to ad-
dress uneven power relations, and although it is difficult to con-
ceptualise power imbalance, it involves being open to all interested
parties and includes diverse and fluid discourse communities to co-
learn and problem-solve to achieve stated desires (Healey, 1992; Innes
& Booher, 2018). However, it is often criticised for emphasising process
over defined goals and clear outcomes. In addition, the process itself is
poorly suited to rapidly changing contexts (Davoudi & Strange, 2009).

In practice, planning is often focused on facilitating inter-
disciplinary information gathering and decision-making that navigates
potentially conflicting views and priorities. Urban planning has there-
fore developed into a discipline that is well-placed to address the range
of trade-offs associated with implementing nature-based solutions for
urban resilience that we have identified in the previous section.

3. The role of urban planning nature-based solutions for urban
resilience

In urban planning’s engagement with resilience, new approaches to
planning itself are evolving. Davoudi and Strange (2009) argued that by
embracing a more resilient approach to planning, rather than an es-
sentialist or positivist approach, planning can be more fluid, reflexive,
dependent, connected, multifaceted, interpretive, and inclusive. Resi-
lience approaches to urban planning also promote the integration of
ecology with urban planning (Ahern, 2013; Davoudi et al., 2012). Re-
silience thinking can be integrated into planning in the evaluation of
existing plans, programs, and planning measures to identify vulner-
abilities and deficits. Resilience thinking can also help to identify vital
issues within urban social-ecological systems in the decision-making
stages of planning and urban design interventions (Eraydin & Taşan-
Kok, 2013; Marcus & Colding, 2014). Resilience thinking stresses “the
importance of assuming change and explaining stability, instead of
assuming stability and explaining change” (Folke, Colding, & Berkes,
2003, p. 352). It offers a useful framework to help increase the capacity
of adaptive responses in urban areas, and “the possibilities for trans-
formation and change to a potentially better” system (Davoudi et al.,
2012, p. 330). Planners cannot build resilience in isolation. They must
form new relationships and partnerships with other policy domains
within the city, as well as with climate scientists, developers, businesses
and residents to create a more integrated urban management nexus
(Coaffee, 2013; Elmqvist et al., 2014).

Planning has long recognized the importance of the green spaces for
city dwellers (Buxton, Goodman, & Moloney, 2016; Hagan, 2014;
Wheeler, 2013), but policies that incorporate nature-based solutions
and ecosystem services are more recent additions to public policy suites
(Jax et al., 2018). “Nature-based solutions offer exciting prospects and
are being taken up around the world in urban planning to deliver
multiple benefits and to reduce climate risk” (Frantzeskaki et al., 2019,
p. 456). However, more practice-based evidence is needed to support
mainstreaming these approaches, particularly within the contexts of
trade-offs (Frantzeskaki et al., 2019). We know that urban planners
must juggle a range of often competing demands and issues in the
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planning and development of cities (Colding, 2011). When it comes to
nature-based solutions, McPhearson, Andersson, Elmqvist and
Frantzeskaki (2015) highlighted the need for planners and managers to
go beyond simple understanding, towards better articulating the mul-
tiple values of urban ecosystem services for cities. Therefore, to in-
tegrate nature-based solutions for urban resilience, planners’ new re-
lationships and partnerships (Coaffee, 2013) need to extend to include
urban ecologists, horticulturalists and landscape planners (Parris et al.,
2018; Scott et al., 2016).

3.1. Framework: planning for nature-based solutions

The previous sections have shown how nature-based solutions can
support and underpin increased resilience of cities and urban areas, but
gaps were identified with nature-based solutions’ coverage of social
equity dimensions. In addition, both the fields of urban resilience and
nature-based solutions are weak in terms of practical efforts and solu-
tions to address trade-offs. We have shown how planning addresses this
range of trade-offs and potential conflicts. We contend therefore that
planning can play a critical role in operationalising or implementing
nature-based solutions to contribute to urban resilience and increasing
social equity.

Furthermore, we have shown how both resilience and nature-based
solutions concepts have themselves influenced approaches to urban
planning. Resilience thinking has reinforced an urban planning focus on
adaptation and change; and nature-based solutions have supported an
increasingly sophisticated understanding in urban planning of the de-
livery of a range of urban ecosystem services. However, the integration
of resilience and nature-based solutions is far from ‘mainstream’ in
urban planning. In addition, the role of urban planning in nature-based
solutions’ implementation is not well recognised in either research or
practice. To address these gaps, we propose a framework to guide and
support the implementation of nature-based solutions and their in-
tegration into urban planning for urban resilience. The framework
(Table 2) defines how planning addresses the dimensions of trade-offs.
As noted previously, planning in practice is often focused on facilitation
of interdisciplinary input and decision making. Therefore, this

framework is presented as a set of guiding questions and associated
information needs, that explicitly address the trade-offs, to support and
prompt these facilitation efforts. In the following section we demon-
strate its application using examples related to nature-based solutions
for mitigating sea level rise and other urban planning challenges.

3.2. Addressing trade-offs: applying the framework

Enhancing resilience in one system may have negative consequences
in another, and this can include systems across time. When addressing
temporal trade-offs and considering short- and long-term outcomes as-
sociated with the inclusion or exclusion of nature-based solutions,
considerations should go beyond simply ensuring that short-term land
uses do not preclude longer term installation of nature-based solutions.
For example, planning for sea-level rise involves a focus on long term
projections as well as short term (interim) land uses. Planning processes
attempt to incorporate a focus on multiple temporal scales, spanning
the short-, medium and long-term. Given nature-based solutions grow,
develop, evolve and change over time (as dynamic living systems),
planning for nature-based solutions can reinforce and embody this
temporal multi-scalar process. Planning for nature-based solutions re-
quires a heightened focus on how the form, structure and function of
nature-based solutions change over time.

Spatial trade-offs are manifested in two ways: cross-scale and be-
tween scale. From a cross-scale perspective, the loss of coastal wetlands,
sea-level rise and the hard surfaces of the built environment have led to
increased flood risks in many regions, with flood protection structures
such as sea walls exacerbating flood risks in adjacent, unprotected areas
(Temmerman et al., 2013). Spatial biophysical and ecological data are
needed to determine potential impacts of nature-based solutions to
address these problems, while not creating larger problems somewhere
else. Planning can provide a wider perspective that crosses land own-
ership boundaries so that land use decisions explicitly consider spatial
trade-offs. However, where jurisdictional boundaries and biophysical
boundaries are inconsistent, trade-offs or jurisdictional conflicts may
persist, requiring co-management or multi-level governance approaches
(Cash et al., 2006).

Table 2
Planning nature-based solutions for urban resilience: addressing trade-offs.

Dimensions Urban planning characteristics Applying urban planning to NBS: questions to ask Applying urban planning to NBS: Information
required

Temporal Differentiates short and long-term actions (Albrechts
et al., 2017)
A continuous process (Friend & Hickling, 2005)

Can one approach open or close the window of
opportunity for future development? (Chelleri et al.,
2015)

Short-term and long-term outcomes associated
with inclusion or exclusion of NBS.Knowledge
of how the form, structure and functions of NBS
change and evolve over time.

Spatial Operates at multiple spatial scales (Healey, 2009)
Place-based approaches (Healey, 2009; Turkelboom
et al., 2018)

Does action in one location negatively/positively
affect another location?How equal is the distribution
of capacities for resilience? (Chelleri et al., 2015)

Fine-grained spatial socio-economic,
demographic, jurisdictional, biophysical and
ecological data.

Functional Decision making processes with clear goals and
priorities; balancing multiple interests and
preferences (Albrechts, 2004; Kaza, 2006)
Creates a structure and set of rules for changes in
land use (Albrechts et al., 2017; Turkelboom et al.,
2018)

Will prioritising delivery of specific ecosystem
services reduce or prevent delivery of other
ecosystem services? (Mexia et al., 2018)
How does changing the land-use (or objective of
land-use) alter the ecosystem services? (Turkelboom
et al., 2018)

Knowledge and understanding of biophysical
delivery mechanisms of ecosystem services.

Social equity Provides a process for acknowledging (and
accepting) conflict, clashes, collaboration,
coordination, co-production (Albrechts et al., 2017)
Identifies all potential stakeholders; establish
different ways to participate; create opportunities for
open dialogue; develop shared understanding
(Healey, 1992; Innes & Booher, 2018)
Incorporates different forms of knowledge,
community ideas, opinions and experiences
(Corburn, 2003)

How are the functions and benefits of the nature-
based solutions and ecosystem services distributed
across the urban area?Who (and what) is welcomed
or excluded?How does the distribution, design and
management contribute to this welcome or
exclusion?(Kabisch et al., 2016)

Fine-grained spatial socio-economic, cultural
and demographic data

Species diversity Provides a process for acknowledging (and
accepting) conflict, clashes, collaboration,
coordination, co-production (Albrechts et al., 2017)
though largely applied anthropocentrically.

Which species are favoured and which species are
excluded in the design and management of the
nature-based solutions, biodiversity habitat and land
use planning?(Parris et al., 2018)

Knowledge of species assemblages within
ecosystems and of habitat preferences and
requirements across species lifecycles.
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Functional trade-offs may occur in responding to urban strategic
priorities, where delivery of one or several specific ecosystem services
may be prioritised over other services. For example, prioritising coastal
landscapes that support recreation, such as dog walking, may affect
habitat quality and breeding behaviour of coastal biodiversity (Parris,
2016) or reduce the area of coastal wetlands and mangroves that can
more effectively mitigate impacts of sea level rise and storm surges. In
urban areas impacted by heatwaves, vegetation may be planned to
primarily deliver cooling benefit. Well-watered trees with dense ca-
nopies provide the most effective cooling functions (Duncan et al.,
2019), but may reduce the quality of biodiversity habitat provision,
particularly if non-local species of trees are selected (Threlfall et al.,
2017). In addressing functional trade-offs, urban planning contributes
through making explicit the range of strategic urban goals and prio-
rities, by defining consultation processes and by creating clear rules and
processes for land use decision-making.

Urban planning is well-equipped to address or mitigate social equity
trade-offs associated with the implementation of nature-based solutions,
through the application of processes for stakeholder engagement, par-
ticipatory decision-making and inclusion of different forms of knowl-
edge and different types of data. Increasing the granularity of data
(towards more fine-grained data) supports more informed and proac-
tive decisions. For example, spatial socio-economic and demographic
data collected after Hurricane Katrina showed that about 46% of da-
maged areas were home to African Americans and that approximately
20% of damaged households were living below the poverty line, in-
dicating high vulnerability and low capacity. In response to this, the
City of New Orleans has emphasised equity in its resilience strategy,
stating, “By investing in equity, we are investing in resilience. Equity
will be the driving force behind our economy’s growth and innovation,
our communities’ safety and stability, and our families’ health and
prosperity” (City of New Orleans, 2015, p. 52). For environmental
justice considerations, ensuring the equitable distribution of environ-
mental benefits associated with proximity to urban green spaces and
nature-based solutions is particularly important. With the increasing
research findings of the benefits of exposure to green space for mental
and physical health and well-being, social cohesion and community
liveability (cultural ecosystem services), the role of urban planning in
ensuring social equity across and within cities is vital (Bush & Doyon,
2017).

Finally, similar to functional trade-offs, species trade-offs may occur
where the decisions to foster, encourage or plant some species or eco-
types will preclude other species. Examples include establishing or
maintaining particular water levels or inundation regimes in coastal
wetlands, that will selectively preference some species (flora and fauna)
over others (Barnagaud et al., 2019). Other examples include planting
nectar-producing shrubs to attract particular species of birds or but-
terflies, but their presence may dissuade other species, or smaller less
aggressive species from using these areas (Parris, 2016; Parris et al.,
2018). To manage species trade-offs requires active collaboration be-
tween urban ecologists and planners. Planning’s roles again focus on
clearly defining key land use priorities and objectives, and facilitating
cross-disciplinary collaboration and knowledge sharing.

4. Discussion

In this section we briefly discuss the strengths and weaknesses of the
framework and its application. While planning can strengthen and re-
inforce the integration of nature-based solutions into urban develop-
ment processes, there are continuing challenges with availability and
application of data to support this. We have shown how planning has
the potential to contribute to more effective and comprehensive im-
plementation of nature-based solutions, by providing the mechanisms
and processes for addressing the trade-offs between multiple functions
and services. Planning provides explicit and informed prioritisation
processes that acknowledge that trade-offs are unavoidable, and

therefore need to be planned and managed. Planning can provide the
processes for defining the overarching goals and objectives against
which urban designs and developments must perform. In doing so,
planning can furnish the means for deciding between competing de-
mands embedded within complexity, multifunctionality and trade-offs.

In addition, planning has the potential to support a pro-active focus
on inclusion of nature-based solutions in cities. Through its regulatory
approach to defining and specifying land use, allocation of space and
function, planning provides a formalised, recognised and authoritative
mechanism. As such, planning provisions and regulations that address
or include nature-based solutions have the capacity to support their
increased adoption or ‘mainstreaming’ into urban development pro-
cesses and projects (Phelan, Hurley, & Bush, 2018).

The Planning for nature-based solutions framework (Table 2) identi-
fies the key information needed to support its implementation. How-
ever, a critical challenge persists in the availability and accessibility of
the necessary data. The necessary data may not be collected at all, it
may be collected inconsistently or incompletely at different time points,
or across different spatial scales. The data may lack the spatial granu-
larity to enable relevant and appropriate local application, or to support
local decision-making between conflicting needs or functions. Meerow
and Newell (2016) showed how in addressing priority ecosystem
functions, different spatial scale data could lead to different spatial
outcomes for location of urban green spaces.

Furthermore, in providing the evidence-base to support decision-
making processes, some local elected officials specify only locally
generated research and data as being relevant or accepted (rather than
data or research findings that have been generated from other areas of
the same city, or from other cities or countries), and this highly paro-
chial approach can limit data deemed acceptable or relevant (Bush,
2017). Compounding this, monitoring and evaluation of projects by
policy makers and land managers is often not well-resourced. As a re-
sult, monitoring data may not be collected, or there may be a reliance
on ad hoc collection of citizen-science generated data (Bush, 2017).

Even with the availability of accurate and comprehensive data,
there may still be challenges associated with understanding and inter-
preting the data, particularly data related to biodiversity and ecological
systems and functions. This reinforces the necessity for transdisci-
plinary collaborations between planners and built environment dis-
ciplines with ecologists and environmental scientists in planning and
implementing nature-based solutions (Parris et al., 2018).

Finally, we have presented a range of examples to illustrate the
different types of trade-offs and the roles of planning in addressing each
of these trade-offs. We have selected examples that are related to sea
level rise to demonstrate how multiple trade-offs may arise and need to
be considered simultaneously. However, in practice, multiple conflicts
and trade-offs may interact to exacerbate and complicate both problem
identification and selection of solutions. The complexity inherent in
urban systems reinforces the importance of sophisticated urban plan-
ning responses that can support and facilitate effective and equitable
decision-making and ongoing management.

5. Conclusion

This paper demonstrates how nature-based solutions contribute to
building urban resilience, and the roles required of urban planning in
operationalising or implementing nature-based solutions. Resilience
offers urban planning the opportunity to question its approach, and
develop a more transformational and radical agenda, one that opens
opportunities to challenge accepted ways of thinking (Davoudi et al.,
2012). Likewise, urban planning provides the mechanisms through
which nature-based solutions can be more effectively and comprehen-
sively implemented in urban areas. Urban planning contributes the
processes and mechanisms for the identification of strategic aims and
objectives, participatory approaches to knowledge and data collection,
and decision-making processes for land uses. If these urban planning
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processes are applied to the planning and implementation of nature-
based solutions, they can potentially support and encourage increased
implementation. In addition, if nature-based solutions are integrated
into land-use planning provisions and regulations, this too may en-
courage increased implementation.

There are however key gaps and omissions in existing urban plan-
ning processes for nature-based solutions that will need to be addressed
and developed if planning is to comprehensively support their im-
plementation. Urban planning is largely anthropocentric; cities need to
be recognised as shared habitats. For urban planning to effectively
support nature-based solutions’ implementation, new and evolving
practices of research using multi-species approaches are needed. New
processes are required for the inclusion and representation of the non-
human elements of our cities in planning processes. With the devel-
opment of the planning for nature-based solutions framework, our goal
is to contribute to this emerging multidisciplinary field.
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