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Chapter 1

Nature-Based Solutions to Climate Change
Adaptation in Urban Areas—Linkages
Between Science, Policy and Practice

Nadja Kabisch, Horst Korn, Jutta Stadler, and Aletta Bonn

Abstract Climate change presents one of the greatest challenges to society today.
Effects on nature and people are first experienced in cities as cities form micro-
cosms with extreme temperature gradients, and by now, about half of the human
population globally lives in urban areas. Climate change has significant impact
on ecosystem functioning and well-being of people. Climatic stress leads to a
decrease in the distribution of typical native species and influences society through
health-related effects and socio-economic impacts by increased numbers of heat
waves, droughts and flooding events. In addition to climate change, urbanisation
and the accompanying increases in the number and size of cities are impacting eco-
systems with a number of interlinked pressures. These pressures include loss and
degradation of natural areas, soil sealing and the densification of built-up areas,
which pose additional significant challenges to ecosystem functionality, the provision
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of ecosystem services and human well-being in cities around the world.
However, nature-based solutions have the potential to counteract these pressures.
Nature-based solutions (NBS) can foster and simplify implementation actions in
urban landscapes by taking into account the services provided by nature. They
include provision of urban green such as parks and street trees that may ameliorate
high temperature in cities or regulate air and water flows or the allocation of natural
habitat space in floodplains that may buffer impacts of flood events. Architectural
solutions for buildings, such as green roofs and wall installations, may reduce
temperature and save energy. This book brings together experts from science, policy
and practice to provide an overview of our current state of knowledge on the effec-
tiveness and implementation of nature-based solutions and their potential to the
provision of ecosystem services, for climate change adaptation and co-benefits in
urban areas. Scientific evidence to climate change adaptation is presented, and a
further focus is on the potential of nature-based approaches to accelerate urban
sustainability transitions and create additional, multiple health and social benefits.
The book discusses socio-economic implications in relation to socio-economic
equity, fairness and justice considerations when implementing NBS.

Keywords Nature-based solutions ¢ Climate change ° Urbanisation ¢ Climate
change adaptation * Cities

1.1 Background

Climate change presents one of the greatest challenges to society today. Effects on
nature and people are first experienced in cities (White et al. 2005) as cities form
microcosms with extreme temperature gradients, and by now, about half of the
human population globally lives in urban areas (United Nations, Department of
Economic and Social Affairs 2014). Already, climate change has significant impact
on biodiversity and ecosystem functioning through threatening current habitat con-
ditions due to heat and water stress (European Environment Agency 2012). Climatic
stress already leads inter alia to a decrease in the distribution of typical native spe-
cies and facilitates the establishment of alien invasive species (Knapp et al. 2010).
Influences of climate change on society include health-related effects and socio-
economic impacts induced by increased numbers of heat waves, droughts and flood-
ing events (European Environment Agency 2016). In addition to climate change,
urbanisation and the accompanying increases in the number and size of cities are
impacting ecosystems, as urbanisation is driving a significant conversion of rural to
urban landscapes (Seto et al. 2011). A number of interlinked pressures, such as loss
and degradation of natural areas, soil sealing and the densification of built-up areas
pose additional significant challenges to ecosystem functionality and human
well-being in cities around the world. These processes may lead to biodiversity loss
(for an overview, see Goddard et al. 2010) and a reduction of functions and services
that urban ecosystems provide (Haase et al. 2014). However, urban green and blue
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spaces have the potential to counteract these pressures by providing habitats for a
range of species (Niemela 1999; Goddard et al. 2010) and a number of environmen-
tal and cultural benefits while contributing to climate change adaptation and mitiga-
tion (Kabisch et al. 2015; Kabisch et al. 2016a; see Box 1.1 for definitions).

With regard to urban green and blue spaces, nature-based solutions (NBS) can
foster and simplify implementation actions in urban landscapes by taking into
account the services provided by nature (Secretariat of the Convention on Biological
Diversity 2009). The concept of NBS evolved over the last years and was shaped by
several actors (e.g. IUCN and the EU Commission; see Box 1.2 for definition of
NBS). The concept of NBS is particularly embedded in the wider discussions on
climate change adaptation, ecosystem services and green infrastructure (Kabisch
et al. 2016a). Examples of NBS include provision of urban green such as parks and
street trees that may ameliorate high temperature in cities (Gill et al. 2007; Bowler
et al. 2010) or regulate air and water flows. Allocation of natural habitat space in
floodplains may buffer impacts of flood events. Furthermore, architectural solutions
for buildings, such as green roofs and wall installations for temperature reduction
and related energy savings through reduced cooling loads (Castleton et al. 2010),
can contribute to NBS. Importantly, by integrating NBS in urban landscapes, mul-
tiple benefits related to climate change adaptation and mitigation are increasingly
recognised as influential determinants of human health and well-being (Barton and
Grant 2006; Hartig et al. 2014). They relate to the provision and improved avail-
ability of urban green spaces and may result in better mental and physical health
(Keniger et al. 2013). In addition, NBS may, in many cases, present more efficient
and cost-effective solutions than more traditional technical approaches (European
Commission 2015). In policy and practice, NBS complement concepts like green
infrastructure or ecosystem-based mitigation and adaptation. To date, an increasing
number of NBS projects have been implemented. Nevertheless, we are just at the
beginning of systematically analysing their (long-term) effects, effectiveness for
climate change adaptation and mitigation and provision of co-benefits. Still,

Box 1.1 Definition of Climate Change as well as Mitigation and
Adaptation to Climate Change (European Environment Agency 2012)

Climate change is defined as any change in climate over time, resulting from
natural variability or human activity.

Mitigation to climate change refers to anthropogenic interventions to
reduce anthropogenic forces of the climate system. Climate change mitigation
strategies include those to reduce greenhouse gas emissions and sources and
enhancing greenhouse gas sinks.

Adaptation to climate change is defined as the adjustment in natural or
human systems such as urban areas in response to actual or expected climatic
stimuli or their effects. Climate change adaptation strategies should moderate
harm or exploit beneficial opportunities of climate change.
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Box 1.2. Definition of Nature-Based Solutions by IUCN and the
European Commission

IUCN defines nature-based solutions (NBS) as: ‘... actions to protect, sus-
tainably manage and restore natural or modified ecosystems, which address
societal challenges (e.g., climate change, food and water security or natural
disasters) effectively and adaptively, while simultaneously providing human
well-being and biodiversity benefits’ (p. xii) (Cohen-Shacham et al. 2016).

The European Commission understands: ‘... nature-based solutions to
societal challenges as solutions that are inspired and supported by nature,
which are cost-effective, simultaneously provide environmental, social and
economic benefits and help build resilience. Such solutions bring more, and
more diverse, nature and natural features and processes into cities, landscapes
and seascapes, through locally adapted, resource-efficient and systemic inter-
ventions’ (European Commission 2016).

knowledge is needed on measuring effectiveness and how the available evidence
can be translated into management strategies and policy instruments.

1.2 Scope of the Book

This book brings together experts from science, policy and practice to provide an
overview of our current state of knowledge on the effectiveness and implementation
of NBS and their potential to the provision of ecosystem services, for climate
change mitigation and adaptation and co-benefits in urban areas. Scientific evidence
to climate change adaptation and mitigation is presented, and a further focus is on
the potential of nature-based approaches to accelerate sustainability transitions and
to create additional, multiple health and social benefits. The book also discusses
socio-economic implications in relation to socio-economic equity, fairness and jus-
tice considerations when implementing NBS.

Furthermore, the chapters address tools to embed NBS in practice and policy,
e.g. through partnership and community approaches between practice (e.g. urban
gardening initiatives including allotment gardens), business and policy. As NBS are
multifaceted, the book naturally has a strong interdisciplinary and transdisciplinary
scope. The evidence reviewed and presented also feeds into recommendations for
creating synergies between ongoing policy processes, scientific programmes and
practical implementation of climate change mitigation and adaptation actions in
European urban areas.

The book provides the current state of knowledge drawing from interdisciplinary
research in urban ecology, urban planning, urban sociology and public health. The
book also captures in-depth expertise and experience from policy and practice con-
cerned with urban land development, as well as conservation and enhancement of
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biodiversity and ecosystem services provision. While the focus is on NBS to foster
climate change adaptation, the chapters also highlight important multiple co-
benefits for human health, quality of life and well-being analysed through interdis-
ciplinary approaches. The book includes papers on new concepts and methods to
dealing with the challenges emerging from pressures of climate change and urban-
isation—that is, the need for sustainable green space development through NBS at
different scales, from single patches to a city wide scale. Many chapters highlight
the importance of urban planning on green infrastructure development and biodiver-
sity conservation management within cities and provide pointers to move forward.

Focussing on relevant and up-to-date topics, the contributions of this book relate
to the following essential main fields of interdisciplinary socio-environmental
science:

1. Theory and management approaches related to nature-based solutions for cli-
mate change adaptation

2. Analysis of urban ecosystem services provided through multifunctional urban
green spaces

3. Assessment of co-benefits of nature-based solutions to human health and
well-being

4. Considerations of environmental justice and social equity related to nature-based

solutions implementation

. Nature-based solutions from a transition theory perspective

6. Municipal governance and socio-economic aspects of implementing nature-
based solutions

W

These topics were intensively discussed at the European conference ‘Nature-
Based Solutions to Climate Change in Urban Areas and Their Rural Surroundings -
Linkages Between Science, Policy and Practice’ that took place in Bonn, Germany,
from 17 to 19 November 2015 (Kabisch et al. 2016b). The conference was organ-
ised by the German Federal Agency for Nature Conservation (BfN), the Helmholtz
Centre for Environmental Research-UFZ, the German Centre for Integrative
Biodiversity Research (iDiv) Halle-Jena-Leipzig and the Network of European
Nature Conservation Agencies (ENCA).

This book contributes to an increased understanding of how NBS can help to
adapt to climate change through the provision of urban ecosystem services, of pos-
sibilities and limitations to their performance, and of how urban governance can use
this understanding for a successful urban planning in growing cities under global
change.

1.3 Structure and Contents of the Book

This book is divided into four main parts developing the case for adopting NBS
for climate change adaptation. In addition, co-benefits and the implementation
challenges of NBS as planning and management tool in urban development are
presented.
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1. Part I: Setting the Scene—Climate Change and the Concept of Nature-Based
Solutions
2. Part II: Evidence for Nature-Based Solutions to Adapt to Climate Change in
Urban Areas
. Part III: Health and Social Benefits of Nature-Based Solutions in Cities
4. Part IV: Policy, Governance and Planning Implications for Nature-Based
Solutions

(O8]

The various chapters provide up-to-date scientific background information,
address policy-related issues and lay out pressing urban land-use planning and man-
agement questions. Chapters provide specific examples and applications of NBS in
cities with case studies, mainly from Europe but also North American and Chinese
settings. Chapters further identify knowledge gaps. Their content is presented
below.

1.3.1 PartI: Setting the Scene—Climate Change and the
Concept of Nature-Based Solutions

The first part presents an overview of the concept of NBS and places it in the context
of other relevant concepts such as green infrastructure, ecosystem-based adaptation
(EbA) and ecosystem services in urban areas. The part discusses how different
interpretations of the NBS concept result in multiple ways of describing and pro-
moting it by a wide range of interested stakeholders.

To set the scene, Tobias Emilsson and Asa Ode Sang provide an extended over-
view on climate change impacts on urban areas in Europe with specific focus on
urban heat, energy and flooding. The overview also introduces climate change miti-
gation and adaptation options through urban green and blue spaces as an NBS in
urban areas. Important potential planning aspects are discussed. Stephan Pauleit
and co-authors discuss main features of the NBS concept in relation to overlaps and
differences with other concepts, such as ecosystem-based adaptation (EbA), urban
green infrastructure (UGI) and ecosystem services (ESS), which have all recently
gained prominence in academic debates and are increasingly referred to in policy
making. With this regard, Erik Andersson and co-authors present the idea of a dou-
ble insurance value of urban ecosystems, which can be seen as one step towards
governance processes that better take into account the complexity of the systems we
live in and the multifaceted nature of ‘hazards’. Using real-world examples from
climate change-induced weather extremes, the authors illustrate that insurance con-
sists of two components: first, functioning ecosystems can insure human societies
against external disturbances, and second, these habitats need to be resilient them-
selves in the face of future disturbances that might affect their functioning. Niki
Frantzeskaki and co-authors provide case study evidence that NBS are practices
that transition initiatives in cities can put in place in order to intervene in their place
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and change the urban fabric. Focussing on three case study examples, the authors
can show that NBS have transformative social impact contributing to social innova-
tion in cities. In particular, the chapter highlights different ways how NBS as prac-
tices of transition initiatives in cities can get scaled up and hence contribute to
accelerating sustainability initiatives.

1.3.2 Part II: Evidence for Nature-Based Solutions to Adapt
to Climate Change in Urban Areas

Chapters in the second part of the book discuss the evidence for effectiveness of
NBS also in comparison to technology-based solutions. In particular, the signifi-
cance of biodiversity and its elements in cities and their rural surroundings for the
adaptation to climate change and in providing ecosystem services is assessed.

In a first paper, Yaella Depietri and Timon McPhearson refer to the role of urban
ecosystems in disaster risk reduction. They underline that evidence of the role of
healthy ecosystems in disaster risk reduction is still scarce. By referring to cases in
Northern America and in Europe, the authors discuss the role of green, blue and
grey infrastructures as well as mixed approaches for climate change adaptation in
cities in order to illustrate the different opportunities available for urban areas. In
their chapter Vera Enzi and colleagues develop the case for architectural solutions
and refer to green roof and wall technologies as part of the urban green infrastruc-
ture network and as an integrative NBS strategy to adapt to climate change. In par-
ticular, the chapter provides an overview about small-scale regulating ecosystem
services as microclimatic benefits and impacts of green roofs and walls to city resi-
dents, which can be implemented even in densely settled areas. Using best practice
examples, authors further show how ecologically improved green roof and wall
systems can contribute to urban biodiversity. How urban green space further pro-
vides important regulating ecosystem services is shown by Francesc Baré and Erik
Gomez-Baggethun by synthesising existing knowledge and using data of green
space assessments carried out in Europe. They highlight in particular the role of
NBS regarding global and local climate regulation as well as air quality improve-
ment using the case study city of Barcelona. McKenna Davis and Sandra Naumann
introduce sustainable urban drainage systems as an NBS to manage flood risk and
to minimise the potential impact of floods on the environment and people. In par-
ticular, authors assess if sustainable urban drainage systems (SUDS) are cost-effec-
tive and offer long-term drainage alternatives to traditional drainage systems.
Dagmar Haase also refers to flooding in urban areas, here highlighting the mainte-
nance of natural urban habitats such as wetlands and riparian forest as an NBS to
buffer climate change-induced flooding effects. Dagmar Haase shows the different
additional ecosystem services through NBS measures, such as provision of recre-
ation opportunities for urban residents and important habitat for wildlife.
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1.3.3 Part I1I: Health and Social Benefits of Nature-Based
Solutions in Cities

The third part of this book deals with the potential provision of multiple benefits
when applying NBS to climate change adaptation. In particular, multiple benefits of
urban green spaces related to health and social justice for urban residents are criti-
cally discussed. In this context, urban gardens are presented as one green infrastruc-
ture element that can be maintained by private individuals and provides multiple
co-benefits.

Matthias Braubach and co-authors provide a comprehensive overview on the
scientific literature of how urban green spaces can affect the health of urban resi-
dents and present epidemiological evidence of public health benefits of green
spaces. In their review, the authors address three urban health dimensions, namely
environmental conditions and related health outcomes, urban equity and vulnerabil-
ity as well as resilience to extreme climate conditions related to climate change.
Complementing the previous chapter, Nadja Kabisch and Matilda Annerstedt van
den Bosch show how residents’ health is linked to urban green space availability
and discuss this in light of environmental justice concerns using the case study of
Berlin, Germany. The link between the social effects, environmental justice and
green implementation projects as NBS in cities is further critically discussed by
Annegret Haase. In particular, potential weaknesses of NBS related to social inclu-
sion and cohesion are explained, and the need to fully consider potential drawbacks
and repercussions of the implementation and development of urban NBS particu-
larly for lower-income communities is discussed. Using one particular component
of the urban green infrastructure network, Ines Cabral and co-authors explore the
contribution of allotments and community gardens as multifunctional NBS to
achieve societal as well as environmental goals, using the case studies of Lisbon
(Portugal), Leipzig (Germany), Manchester (UK) and Poznan (Poland). Furthermore,
ecosystem services provided by allotment gardens are identified and analysed.

1.3.4 Part 1V: Policy, Governance and Planning Implications
Jor Nature-Based Solutions

The last part focusses on policy, governance and planning implications of NBS. In
particular, good practice examples of efficient and successful governance approaches
are shown, and new actor-networks created by NBS are discussed. This part also
shows how NBS might be assessed economically and how economic valuation and
related aspects may provide justification to the introduction of NBS in cities. In
addition, the chapters in this part discuss new tools and instruments to invest in
working with nature for people, to empower people and to encourage multi sectoral
partnerships.
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Reflecting on institutional aspects and challenges of the implementation of NBS
projects, Chantal van Ham and Helen Klimmek highlight the need for increased and
improved collaboration between sectors and stakeholders as well as for a sound
evidence base of the economic, social and environmental benefits of NBS in order
to foster increasing uptake of NBS in urban areas. The authors analyse current poli-
cies and practices for implementing NBS and highlight those which used unconven-
tional but creative partnerships between policymakers, the private sector and civil
society, which resulted in innovative and financeable NBS. The chapter draws from
international examples of NBS implementation projects and reports and summarises
successes as well as tensions presented in these pioneering solution partnerships.
Christine Wamsler and co-authors introduce the concept of mainstreaming climate
change adaptation to foster sustainable urban development and resilience, in par-
ticular mainstreaming ecosystem- or nature-based solutions into urban governance
and planning. They also address challenges of NBS implementation through urban
governance. In this approach adaptation mainstreaming is considered as the inclu-
sion of climate risk considerations in sector policies and practices. Authors intro-
duce an integrated framework that illustrates potential mainstreaming measures and
strategies at different levels of governance by using case studies from Germany and
Portugal. The spread of implementation of NBS as driver for innovation in a country
with a transition background is discussed by Jakub Kronenberg and co-authors at
the case of Poland. They analysed different groups of stakeholders using different
example implementation projects across the country. The last chapter in this part
refers to socio-economic and financial aspects of NBS implementation projects.
Nils Droste and co-authors highlight the difficulties of resource allocation to NBS
implementation as municipal revenues are mostly dedicated to single policy goals
and predefined sectorial purposes, thereby leaving little room for cross-sectoral
investments such as NBS. The authors identify policy instruments with the potential
to foster NBS as well as difficulties in leveraging finance to implement NBS.

The book is complemented with a conclusion chapter by the editors. The editors
summarise the main challenges for research, urban governance and management
described in the chapters and highlight opportunities for future developments, thus
leading to overall recommendations for NBS implementation.

We hope this book provides important pointers to the flourishing debate on NBS
in urban environments and illustrates good practice with demonstration case stud-
ies, so it can fuel further advances in science, policy and practice. Many of the
themes have applications beyond urban system with a focus on solutions for sus-
tainable management and conservation in a changing world.
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