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ABSTRACT

Cities and urban areas are critical components of global sustainability as loci of sustainability progress
and drivers of global transformation, especially in terms of energy efficiency, climate change adaptation,
and social innovation. However, urban ecosystems have not been incorporated adequately into urban
governance and planning for resilience despite mounting evidence that urban resident health and
wellbeing is closely tied to the quality, quantity, and diversity of urban ecosystem services. We suggest
that urban ecosystem services provide key links for bridging planning, management and governance
practices seeking transitions to more sustainable cities, and serve an important role in building resilience
in urban systems. Emerging city goals for resilience should explicitly incorporate the value of urban ES in
city planning and governance. We argue that cities need to prioritize safeguarding of a resilient supply of
ecosystem services to ensure livable, sustainable cities, especially given the dynamic nature of urban
systems continually responding to global environmental change. Building urban resilience of and through
ecosystem services, both in research and in practice, will require dealing with the dynamic nature of
urban social-ecological systems and incorporating multiple ways of knowing into governance

approaches to resilience including from scientists, practitioners, designers and planners.

© 2014 Elsevier B.V. All rights reserved.

1. Introduction

Cities and urban areas are critical to global sustainability since
they are the locus of much of the sustainability progress and are
drivers of change, especially in terms of energy efficiency (Slavin,
2011), climate change adaptation (Rosenzweig and Solecki, 2010),
and social innovation (Bettencourt et al., 2007). Many cities have
sustainability plans, but have not specifically addressed urban
resilience, or if they have, often conflate or use sustainability and
resilience interchangeably (Redman, 2014). Lack of resilience to
social, ecological, and economic disturbances can shift urban
system trajectories away from sustainability. Recently however,
improving specific resilience (Carpenter et al., 2001), especially in
sensitive areas of urban systems experiencing climate change,
urbanization, and development pressures, is of increasing concern
with cities beginning to develop specific plans and resilience
targets (Solecki et al., 2011; PIaNYC, 2013), especially for reducing
disaster risks and vulnerabilities to climate change (Pickett et al.,
2004; Elmqvist et al., 2014). For example, the Mayor’s office of
New York City responded to the widespread damage from Hurri-
cane Sandy (2012) by creating a high-level “Special Initiative for
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Rebuilding and Resiliency” (New York City Special Initiative for
Rebuilding and Resiliency (NYCSIRR): New York City Office of the
Mayor, 2013). Many other motivated mayors, urban planners, and
designers are increasingly considering how new development
plans and projects can contribute to and foster resilience to
climate change and it's myriad effects (Rosenzweig et al., 2010).
In coastal cities for example, mitigating and planning for disasters
and effects of sea level rise including coastal flooding and storm
surge is a growing mandate (Rosenzweig et al., 2011)

Resilient supply of non-disaster related ecosystem services (ES)
provided within urban areas has received little attention. Though
some cities are beginning to consider how ecosystems in cities can
help mitigate climate change effects or create spaces that increase
existing adaptive capacity for post-effect recovery, in most global
cities services provided by urban ecosystems remain poorly con-
nected to urban planning, design, and management for resilience
(Scarlett and Boyd, 2013). We argue that cities will need to plan
and manage urban ecosystems for enduring supply of services in
dynamic urban systems affected by global environmental change.
Therefore, we propose that ES and resilience are related in two
ways: First, resilience can be fostered by incorporating the concept
of ES in urban planning, design and management of urban social-
ecological systems. Second, cities need to safeguard resilient
supply of ES in the long-term to ensure urban human well-being
(Fig. 1). For these reasons we suggest that urban ES provide a key
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Fig. 1. Urban resilience can be fostered by incorporating urban ES in planning,
design and management of urban social-ecological systems. A social-ecological
approach for cities is critical to safeguard a resilient supply of ES in the long-term to
ensure urban human well-being (Schewenius et al., 2014; Elmqvist et al., 2014).
However, safeguarding urban ES requires recognizing and incorporating the
multiple values of ES in planning and governance. As urban planning and
governance for social-ecological resilience increases, together with conservation
of and management for increased quality, quantity, and diversity of urban ES,
resilience at multiple scales can be improved.

entry point (Andersson et al., 2015) for planning, management and
governance practices seeking increased resilience and transitions
towards urban sustainability (Frantzeskaki and Tilie, 2014).

2. Sustainability, resilience, and urban ecosystem services

Though governance practices and planning approaches for
urban sustainability must consider the large urban footprint to
improve sustainability, here we focus on the internal footprint of
cities and specifically the sustainable production of ES in the city.
Urban ES provide important ways for improving sustainability by
locally providing services to urban residents, decreasing reliance
on externally produced services, and thus decreasing the global
footprint of cities. Such urban ES include local food and water
production (Gémez-Baggethun et al., 2013), and utilizing green
infrastructure in place of environmentally and economically costly
grey infrastructure for reducing impacts of stormwater on urban
drainage systems therefore lowering the risk of surface water
flooding (Kaye et al., 2006; Pataki et al., 2011; Alamarie et al., 2010;
McPhearson et al., 2013a). There are also many ES critical to
human health and wellbeing that cannot be imported and must
be supplied locally within urban ecosystems (McPhearson et al.,
2013b; Andersson et al., 2015), for example utilizing urban parks,
green walls and roofs, and street trees to offset urban heat islands
and thereby reducing energy use for cooling (Gill et al., 2007;
Pataki et al,, 2011), or the mental and physical health benefits
provided by urban green infrastructure (Gémez-Baggethun et al.,
2013).

Overall, urban ecosystems provide a large roster of critical
services affecting human health and wellbeing in cities (Elmqvist
et al., 2013; Gémez-Baggethun et al., 2013; McPhearson et al., 2014).
However, while research to predict and understand urban climate
change is expanding rapidly (Rosenzweig et al., 2011), we still know
little about how climate change will affect urban biodiversity and
the ecological structure, functions, and services that affect human

livelihoods in cities (Solecki and Marcotullio, 2013). Urban ES may
be vulnerable to change, whether by land use change and devel-
opment or from other sources of change including climate change,
extreme events, or political and economic change (Seto et al., 2012).
Further research is needed to understand how climate interacts
with and drives changes in urban ecosystems, and therefore how
these changes will affect the supply of ES. We need to understand
the resilience of urban ES, and how it is linked to global and local
social-ecological changes as well as how changes in urban ES
feedback to impact resilience within urban systems at multiple
scales.

Resilience is generally considered in the context of response to
sudden impacts like natural disasters (Alberti et al., 2003; Pickett
et al., 2004). However, the resilience concept is not limited to
recovery from a single disturbance. Resilience is a multidisciplin-
ary concept that encompasses persistence, recovery, and the
adaptive and transformative capacities of social-ecological sys-
tems and subsystems (Holling, 2001; Walker et al., 2004; Biggs
et al., 2012). Improving resilience at both small and large system
scales depends on answering the question of resilience “of what,
to what” (Carpenter et al., 2001), and, perhaps especially in urban
areas, resilience “for whom” (Pickett et al., 2011). Including urban
ES in resilience planning and management can help to address
these questions. Below we discuss three overlapping ways to help
to connect urban ES to resilience in urban systems.

2.1. Insurance and option values

The value of resilience through urban ecosystems has so far not
been included in urban ecosystem services valuation and assess-
ment. We suggest insurance and option values as two key aspects
for connecting urban ES to resilience in valuation studies, and that
accounting for both insurance value and option value of ecosys-
tems in urban resilience targets will both increase the likelihood
that ecosystems are managed for resilient supply of services, and
that resilience targets will be met. While multiple definitions exist,
we propose that insurance value reflects “the maintenance of
ecosystem service benefits despite variability, disturbance and
management uncertainty”. Therefore, the insurance value of an
ecosystem is closely related to its resilience, self-organizing
capacity, and to what extent it may continue to provide flows of
ecosystem service benefits over a range of variable environmental
conditions. Option value instead focuses on the maintenance of
alternative uses or solutions and the reversibility of decisions
(Pascual et al., 2010). For example, multifunctional green infra-
structure allows for different uses and for different ecosystem
service benefits that can be utilized at different times. A well-
known case is how urban parks were used for food production
instead of recreation during the two World Wars (Barthel et al.,
2013). Less dramatic changes in how ecosystems are used and
valued include shifts from regulating services to recreational
services (e.g. wetlands in the Kristianstad Vattenrike Biosphere
Reserve, Sweden) (Olsson and Galaz, 2009).

2.2. Resilience through urban ecosystem services

High population density, high connectivity and dependence on
infrastructure can make urban populations vulnerable to disturbances,
such as flooding, heat waves, disease outbreaks, land slides, and
storms (Peters et al,, 2004). Ecosystems within and around cities can
provide insurance by helping to buffer against many of these
disturbances. Resilience to specific events, whether climate mediated
or not, may arise through ES where benefits occur during or shortly
after the event. This specified resilience could be understood and
addressed through urban planning and management targeting green
infrastructure and associated ES. For example, mangroves and
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wetlands can provide resilience to nearby communities to the effects
of storm surges, and urban green infrastructure can provide resilience
during heat waves by providing cooling (TEEB, 2011). Therefore,
resilience can be improved through multiple types of urban ES, which
provide resilience to specific events. Some urban ES may also provide
resilience to other social-ecological system changes that take place
over the long-term (Cumming et al., 2012), though this is an area in
need of additional research.

Urban ecosystems, including all urban green and blue infra-
structure, together with their feedbacks, cycles, and dynamics, can
be utilized for strengthening the feedback between people and ES
supply. However, we still need to know more about how social and
ecological aspects of resilience are related to each other as well as
how they are supported through urban ecosystems. For example,
cases of biophilia (Tidball and Stedman, 2013), where people
respond to disturbances by improving ecological spaces for both
social and ecological benefit, could be further explored and
incorporated into planning and management for resilience. Addi-
tionally, since urban ES are highly influenced by cultural prefer-
ences, traditions, and social values (Andersson et al., 2007, 2014;
Grove et al,, 2006; McPhearson et al., 2013b), building resilience
through ES requires understanding the social and ecological
drivers of ES. As summarized by Andersson et al., (2015) local
generation of urban ES, especially cultural ES, can help in engaging
people and inspire stewardship, both key for building resilience
(e.g. Chapin et al., 2011; Colding and Barthel, 2013; Folke et al.,
2011). As planners and managers better understand the impor-
tance of cultural ES, their value, and links to urban residents at the
local and citywide scale, planners and managers should be able to
begin examining and improving resilience by managing ES to meet
culturally driven urban ES demand.

2.3. Resilience of urban ecosystem services

Not only do we need ES to help build resilience for cities, we
also need the generation of ES themselves to be resilient. After two
decades of research on the relationship between biodiversity and
ecosystem functioning (Cardinale et al.,, 2012) we know that
diversity often compensates for fluctuations in individual species
populations and the functions they perform within their systems
(Chapin et al., 1997; Yachi and Loreau, 1999). Many ecosystem
functions are beneficial to humans and can be translated into ES.
Biodiversity can thus be expected, in most cases, to buffer the
impact disturbances have on ecosystem service generation (Ibid).
However, there are several layers of complexity to this relation-
ship, perhaps especially in urban areas. First, humans are deeply
involved in the generation of urban ES, which are coproduced by
people and ecosystems (Ernston, 2013; Andersson et al., 2015), and
changes in management regimes or ecosystem use patterns may
profoundly change which ES an urban ecosystem can deliver.
Second, compensatory mechanisms either in species communities
or human use or stewardship of ecosystems rely on differentiated
response to disturbances. If all species, humans included, react in
the same way to a certain disturbance there will be a systemic
change, regardless of how diverse the system is (Elmqvist et al.,
2003). Therefore, resilience of ES can be hypothesized to require
both biodiversity and a diversity of responses.

Additionally, increasing our understanding of how ES supply
can be matched spatially and temporarily with demand can affect
resilience of social systems. Ensuring resilient supply of urban ES,
including retaining the capacity to accommodate changing
demands, is part of sustainable urban ES production. To improve
resilience of the accessible supply of ecosystem services at multi-
ple spatial scales means that planners and managers need to
recognize the context dependent nature of ecosystem service

production, including social, cultural, ecological, and event con-
texts (Andersson et al., 2015).

3. Connecting urban ecosystem services to governance

Policy and planning regimes organize the processes of strate-
gies formulation and goal selection that guide which and how
urban ES are considered (Hansen et al., 2015). Currently, there is
limited knowledge on how such planning processes, with their
own historical timelines and path-dependencies as well as their
context-dependent drivers and barriers, relate to and impact
aspects of ES related to urban resilience or the uptake of urban
ES and resilience concepts in governance practices (Wilkinson
et al., 2013; Erixon et al.,, 2014; Gémez-Baggethun et al., 2013;
Frantzeskaki and Tilie, 2014).

Understanding and addressing resilience through and of urban
ES may enable urban planning and governance to become adaptive
and reflexive not only to external drivers (e.g. climate change
extremes and vulnerabilities) but also to internal drivers. We
suggest that future research needs to provide the foundations for
informing a dynamic governance approach that considers both
social and ecological dynamics in order to build resilience through
and for urban ES (Schewenius et al., 2014). For example, enabling
citizens to take up initiatives for restoring green infrastructure in
urban neighborhoods can act in synergy with city plans to add
permeable surfaces, and in this way increase stormwater absorp-
tion/retention in urban spaces. New York City recently offered US
$6 million to fund private property owners to do exactly this (NYC
Department of Environmental Protection, 2014). These kinds of
governance practices can provide opportunities for utilizing urban
ES and building urban resilience reflexively to meet multiple needs
including not only stormwater absorption, but also supporting
spaces that can create a sense of community, social cohesion and
inclusiveness in cities.

4. Conclusions: Bridging the gap for urban resilience and
ecosystem services

The health and wellbeing of urban residents depend on locally
produced ES. Resilient supply of those services in the face of global
environmental and other changes is important to achieving sustain-
ability goals being set in cities. Additionally, given the large
environmental footprints of cities, protection and sustainable use
of ecosystems in cities and urban regions are key components of
global sustainable development. Still, despite new research and
emerging science-policy platforms (Schewenius et al., 2014), safe-
guarding biodiversity and ES in urban areas remains disconnected
from resilience in urban planning.

Managing urban ecosystems for resilient supply of urban ES,
including retaining the flexibility to accommodate changing
demands, is part of sustainable urban ES production. However,
the social-ecological coproduction of ecosystem services are con-
text dependent and require dealing with the inherent complexity
of not only ecological dynamics, but also human perception,
values, and cultural traditions affecting the supply and demand
of ES. Urban planners and managers need to better understand
and articulate the multiple values of urban ES in order to improve
resilience at neighbourhood and even city scales.

Additionally, it’s not just disasters or climate change driven
events, such as storm surges or heat waves that influence
resilience within cities. Resilience also concerns a larger suite of
urban ES that provide benefits to urban livelihoods and wellbeing.
Even aesthetic benefits of urban green infrastructure may affect
resilience to social, ecological, or economic change. For example, it
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is well known that real estate near urban parks is often of higher
economic value than comparable real estate elsewhere (Sander
et al., 2010; Troy and Grove, 2008). However, aesthetics, sense of
place, recreation, and other benefits associated with, for example
owning a home near an urban park, may also provide resilience to
fluctuations in real estate prices. It will be important for planners
and managers to move beyond focusing on disaster resilience to
instead open up to and allow for adaptive management and
planning that can connect long-term sustainability visions to
short-term and medium-term stewardship of urban ES that
provide resilience.

Our main purpose here is to suggest that resilience focused
planning, management and governance will be better served by
including ecosystem services explicitly in resilience approaches.
Improving resilience in urban systems, both in research and in
practice, requires that we deal with the complex nature of and
interactions within urban social-ecological systems (McPhearson,
2014). Incorporating insurance and option value into valuation
assessments of ecosystem services and the benefits of investing in
insurance capacity of urban ecosystems provide opportunities for
incorporating urban ES in governance for resilience. However, we
recognize that policy and planning processes are context-dependent
with distinct dynamics that affect aspirations for integrating urban ES
and advocating urban ES-oriented planning (de Groot et al., 2010).
We suggest that linking research on urban resilience to urban ES is
an important pathway for improving the capacity and efficacy of
urban governance for resilience.
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