
sustainability

Article

Urban Sustainability and Resilience: From Theory
to Practice
Patricia Romero-Lankao 1,*, Daniel M. Gnatz 2, Olga Wilhelmi 1 and Mary Hayden 1

1 National Center for Atmospheric Research, P.O. Box 3000, Boulder, CO 80307-3000, USA;
olgaw@ucar.edu (O.W.); mhayden@ucar.edu (M.H.)

2 MnS Institute for Sustainable Urban Transformations, P.O. Box 21292, Boulder, CO 80308, USA;
gnatz@isut.org

* Correspondence: prlankao@ucar.edu; Tel.: +1-303-497-8104

Academic Editor: Tan Yigitcanlar
Received: 22 August 2016; Accepted: 16 November 2016; Published: 25 November 2016

Abstract: Urbanization and urban areas are profoundly altering the relationship between society
and the environment, and affecting cities’ sustainability and resilience in complex ways at alarming
rates. Over the last decades, sustainability and resilience have become key concepts aimed at
understanding existing urban dynamics and responding to the challenges of creating livable urban
futures. Sustainability and resilience have also moved and are now core analytic and normative
concepts for many scholars, transnational networks and urban communities of practice. Yet, even with
this elevated scholarly attention, strategies for bridging between research and practice remain elusive,
and efforts to understand and affect change towards more sustainable and resilient urban centers
have often fallen short. This paper seeks to synthesize, from this issue’s papers and other strands of
literature, the knowledge, theory and practice of urban sustainability and resilience. Specifically, we
focus on what capacities urban actors draw on to create sustainability and resilience and how different
definitions of these concepts intersect, complement, or contradict each other. We then examine the
implications of those intersections and differences in the efforts by urban actors to enhance the
capacity to change unsustainable trajectories and transform themselves, their communities, and their
cities toward sustainable and resilient relationships with the environment.
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1. Introduction

Urbanization and urban areas belong to a set of worldwide, multiscale phenomena that are
profoundly altering the relationship between society and the environment, and affecting both urban
and earth system sustainability and resilience in complex ways and at alarming rates. In recent decades,
sustainability, resilience and transformation have become key concepts aimed at understanding and
responding to an array of looming challenges posed by urbanization and environmental change.
Yet, even though definitions and approaches to these concepts are ever-changing and highly contested,
they revolve around common themes and ask large and compelling questions, such as these: How,
with our growing world population, can we thrive (or even survive) on a warming planet with its
degrading ecosystems? What kind of urban (or rural) lives do we want, and what kind of world could
provide for those lives into the future? Furthermore, of critical importance to moving sustainability
and resilience into practice, what capacities do we need to foster that will enable us to survive, or to
transform our ways of living and thrive, both on and with our increasingly warm planet? [1,2]

As compelling metaphors that convey the interactions and dependencies between urban areas
and the ecosystems on which they depend, the evolving concepts of urban sustainability and resilience
are associated with an expansion of research around sustainability and resilience science [3,4], and with
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national and transnational initiatives such as Local Agenda 21, 100 Resilient Cities and the Habitat III
New Urban Agenda, which attempt to move this science into the policy action arena. Through these
initiatives, urban actors seek to develop strategies for environmental protection, economic prosperity,
inclusivity, and community well-being, while increasing their cities’ resilience to both chronic and
acute physical, social, and economic challenges [5,6].

While such work has greatly influenced officials and actors in city-regions to pursue diverse
projects and actions to understand and manage their own sustainability and resilience challenges [7],
consistent definitions of sustainability and resilience have remained elusive, because existing concepts
are subject to widely differing framing and interpretations. Furthermore, there has been little research
focusing on how different interpretations of these concepts intersect, complement, or contradict each
other. Nor are the implications of those intersections and differences known. It is clear that this
uncertainty of terms must also affect actions seeking to enhance the capacity of urbanites, as questions
of capacity devolve to the question of capacity for what? In order to know what capacities urban actors
must draw on to create sustainability and resilience, or to measure this capacity, it is most important to
know what these terms mean, or what they can mean, in an operational context. Yet, however elusive
the terms, in order to move out of existing trajectories of environmental degradation and risk, urban
actors will need to transform themselves, their urban communities, and their cities’ relationships with
the environment in purposeful, and conscious ways.

Similar to such social problems as justice, urban sustainability and resilience, far from
being resolved issues, are procedural and shifting concepts, that are repeatedly framed, resolved,
and contested anew. Within these shifting conceptualizations, cultural values, economic,
and political considerations play key roles in defining sustainability and resilience goals, thresholds,
and outcomes [1,8–10]. In order to shed light on how these shifting interpretations intersect,
complement or contradict each other, we begin by briefly describing some of the theoretical threads
underlying the practice of urban sustainability and resilience. Afterward, we will explore what these
intersections and contradictions imply for research, and for practices [11] aimed at improving human
and ecological wellbeing and fostering capacity to respond to disruptions and hazards in cities and
urban regions.

2. Urban, Sustainability, and Resilience in Theory

While dozens of definitions of urban, sustainability, and resilience exist, many of these definitions
are context specific and contested. Here, we focus only on agreements and differences relevant to the
purpose of both this paper and Special Issue.

2.1. What Does It Mean to Be Urban?

Notwithstanding the growing recognition of the importance of urban areas in local and global
sustainability, little agreement exists among scholars and communities of practice about the definition
of urban and what makes a population or place urban [12–14]. Some scholars define cities as a
specific form of human association that can be characterized based upon criteria of population
size, built-environment form, and economic function [15]. Three distinct indicators of urbanity
result from this definition. The first is concerned with the number of people within a defined
politico-administrative boundary, such as municipalities and state territories [16]. The second is
physical or morphological, given by the extent and layout of the built environment, infrastructure,
and land uses of a city [17]. The third is concerned with urban function, defined by economic,
mobility, informational and operational connections between urban cores and outside areas [18].
Others understand cities as growth machines serving elite interests, inducing social inequality,
and damaging the environment [19]. Yet for others, cities are socio-ecological systems (SES) either
of interacting biophysical and socioeconomic components, or social and technical components
(Pincetl and Chester, this issue). With full acknowledgement of the validity of competing definitions,
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we follow this last one, because we believe it holds the potential to integrate many different scientific
understandings and approaches and to bridge some of the gaps between theory and practice.

Within the SES, dynamic interactions between human endeavor and ecosystem function have
many consequences for sustainability and resilience. Here, cities become the analytical unit for
research [20], as they affect the level of environmental pressure urban populations exert on ecosystems
and their natural resource base [21]. Within the context of their SES interactions, cities also shape
the vulnerability and capacity of their own populations to heat waves and other hazards climate
change is expected to aggravate (Pincetl and Chester, this issue). Yet, while the SES concept is
useful to an understanding of urban impacts and environmental feedback, it may be a too high
abstraction to yield an operational understanding of lower level system interactions. Therefore,
we suggest a definition of urban areas as socio-ecological systems [22,23], representing five (SETEG)
domains [5,24]: Socio-demographics, Economy, Technology, Environment, and Governance, which
we will characterize in this section (see also Table 1).

Table 1. Framings of SETEG domains: a comparison.

Approach to
SETEG Domain

Dominant Development
Paradigm

Thin to Thick Versions of
Sustainability

From Fail-Safe to
Safe-to-Fail Resilience

Socio-demographics Unlimited population growth;
Equity left to market

From less to more emphasis on
limiting population growth &

addressing inequality

Lower to higher emphasis on
equity in distribution of

benefits and risks

Economy Unlimited growth
From per unit to total

reductions in resource use and
pollution

From emphasis in efficiency
and predictability to flexibility

and redundancy

Technology
Limitless potential for

technology to support or replace
resource consumption

From lower to higher
emphasis on the intrinsic

values of nature

From hard armoring to softer,
flexible systems

Environment Source of resources and
pollutant sink

Some to many intrinsic values
in nature

From bounce back to
bounce forward

Governance Decision making by elites
and experts

From less to more emphasis on
collaborative and inclusive

decision making

From lower to higher
emphasis on consideration of
and collaborations across scale.
From steady-state to adaptive

shift approaches

Sources: References [24,25] and Meerow and Stulz this issue.

2.2. What Does It Mean to Be Sustainable?

Sustainability theory has its origins in biology and ecology, where it refers to the rates at which
renewable resources can be used or polluted without affecting ecosystem structure and function [26].
Some branches of economics used these principles to examine the connections between natural capital
and economy, leading to the founding of ecological economics, a discipline committed to wider
valuation of natural capital [27]. Ecological economics attempts to establish links between human
economic systems and the natural systems that support them and, thereby, to demonstrate the costs
associated with environmental degradation. When applied to urban affairs, sustainability is frequently
seen as a condition in which resource use and waste production by cities remain at levels below the
carrying capacity of their supporting ecosystems (and the wider supporting earth ecosystem), while
ensuring a capacity for sustaining life, social practices and quality of life, deemed acceptable by current
and future members of a social system such as a city [28].

In contrast to these framings of sustainability, the dominant development paradigm assumes that
economic growth must be continuous for the improvement of human well-being [25]. Through market
mechanisms of automatic correction, this growth will compensate the future for any parts of the
Environment that are overexploited or deteriorated in the process of growing [29]. Technology is
one of these mechanisms. In this paradigm, continuously emerging technologies driven by market
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mechanisms will allow for infinite substitutes to be found for resources that are being depleted today
(see Table 1: Technology).

Many framings of sustainability share fundamental elements, especially visible in their opposition
to the dominant paradigm [25]. In these framings, the environment is often seen in relation to economy
and society. Using concepts such as the “triple bottom line”, “three Es”, “three legged stool”, or “Venn
diagrams” [30], these approaches describe relationships and interdependencies among the economy,
the environment, and social equity. The assumption is that each leg is equally important, and none
should be taken for granted. Social equity is viewed as intergenerational, and sustainability timescales
are longer-term or indefinite, with the idea that future generations must be considered by our current
actions [31]. Thus, concepts of sustainably attempt to grapple, not only with timescales that are vastly
expanded but also place more value on collaborative and inclusive decision-making compared to those
considered in conventional business and governance models (Table 1: governance). This difference in
scale creates an obvious conflict with the dominant paradigm, a point we will return to later.

Approaches to sustainability have been viewed as ranging from “thin” to “thick”, depending
on where they fall on a line between polar opposite viewpoints (e.g., the dominant paradigm vs.
deep ecology; Table 1: environment) [25]. In this opposition, while the dominant paradigm sees the
environment as a source of raw materials and a sink for pollutants from human economic activity,
deep ecologists call for acknowledging the intrinsic values in nature, as of a higher order than human
economic value, and leaving them untouched [32]. In between these opposites, many definitions of
sustainability attempt to balance tradeoffs between parts of the environment deserving protection in
their own right, and the societal costs and benefits of these decisions. The desirability of economic
growth is highly contested in existing sustainability framings, with thin approaches focusing on per
unit reductions in resource use and pollution (also called relative de-coupling [33]). For their part, thick
versions look for reductions in aggregate consumption, through decreases in growth rates, the size
of the economy, or by improving the options for people to pursue their lives without increases in
consumption [34] (Table 1: economy). Technology is another controversial element in sustainability
framings. While the dominant “technocratic paradigm” [35] tends to perceive technology as key to
solving sustainability challenges [36], and some thin definitions of sustainability tend to adopt this
view, thicker framings of sustainability tend to be deeply skeptical , ruling out “technologies with the
risk of major, irreversible, negative consequences” (Table 1: technology) [25].

Within sustainability divisions, differences also exist in the importance placed on the domain of
socio-demographics (Table 1: socio-demographics). For instance, thick interpretations of sustainability
support steep reductions in populations over time, in order for the economy to slow down or even
reverse without affecting per capita economic output. In contrast, thin versions suggest that population
increases be offset through per capita reductions in resource use and emissions. When looking at social
equity, thinner approaches to sustainability are often silent on redistribution of current resources across
society [25], while thicker versions are more often concerned with the consequences and “rightness” of
sustainability action, as captured under the rubric of environmental justice [37]. Hence, thick versions
often engage with questions such as: who in the city has the right to use natural resources, deteriorate
ecosystems, and emit pollutants; and who is (or should be) responsible for ameliorating impacts,
and bearing or reducing environmental risks? [38]. Such environmental justice concerns also refer
to fairness in the political processes that allocate resources and resolve disputes around who bears
the costs and benefits of risk reduction, risk management and human security [39]. In the dominant
paradigm, the connections between population, social equity and the environment are overlooked
altogether and left to market dynamics, ambition, industriousness, and productivity to define [27].

Governance is our final (but not least important) domain in definitions of sustainability. Thick and
thin approaches to sustainability differ in the amount of emphasis they put on governmental action
to create sustainability, particularly with regard to local action (Table 1: governance). While cities
are key resource users and sources of emissions, in many cases, only a small fraction of the impacts
on cities are under the direct control of municipal governments [40]. Other jurisdictions and actors,
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such as national governments, the private sector, and individuals control many of the causes of city
level impacts or the means of effectively responding to them. Coordinated action between these actors
is rare [41]. Yet sustainability challenges are cross-scale, and urban areas are affected by actions beyond
their boundaries [42]. Likewise, urban impacts, risks, and actions create effects far outside of the
demarcations of their city limits. Because of its cross-scale interactions, efforts to create sustainability
challenge a range of actors across sectors to create coalitions for multilevel governance; yet it is here
that we encounter a paradox-of-practice, as cross-scale cooperation is often constrained by power
imbalance and turf concern [43]. In order to create effective policies and actions to steer cities toward
sustainability, cooperation between these levels will be necessary [43].

We define multi-level governance as the set of formal and informal rules, rule-making systems, and
actor networks at all levels (from local to global) both in and outside of government [44]. An analysis
of the capacity to develop governance solutions for sustainability includes these elements [41]:

(1) Different types of actions developed and implemented in urban areas
(2) Actors and networks at multiple levels
(3) The nature, opportunities, barriers, and limits that multilevel governance poses to local policy
(4) Gaps between the policy discourse and the challenges that local action needs to address under

real-world conditions

2.3. What Does It Mean to Be Resilient?

The term resilience, which has a long history, with roots in ecology, engineering and psychology,
has also been defined in different ways (see urban relevant definitions in Meerow and Stulz, this issue).
Within mathematics, physics and engineering, it is often described as the capacity of an ecosystem to
“bounce-back” or return to a steady-state equilibrium (Table 1: environment). Examples of bounce-back
can be found in restoration of template forests and recovery after such stressors as floods, political
turmoil or a banking crisis [45]. The emphasis of this “fail-safe” engineering or steady-state approach,
is on return time, “efficiency, constancy and predictability of economic use of natural resources and
ecosystem services” [46]. Conversely, in definitions rooted in ecology, resilience is often viewed as a
system’s ability to “bounce-forward”. Within an urban socio-ecological system, ecologists ask how
much disturbance an ecosystem can absorb or adapt to and remain within critical thresholds before
it moves to another regime. In this “safe-to-fail” perspective [47], which challenges the notion of
steady-state equilibrium, resilience is not conceived as a return to normality, but rather as the ability
of complex ecosystems or socio-ecological systems, such as cities and urban communities to change,
adapt, and crucially, to transform in response to both internal and external stresses and pressures [48].

Some social scientists have suggested that resilience cannot be uncritically applied to social
domains [28,49]. In this view, urban groups and communities have the capacity to cope, or adapt
to stresses and disruptions, but these capabilities are also shaped by social, political and cultural
processes. Unpacking the SES to examine interactions between SETEG domains, can help address
this concern.

Vulnerability of urban populations and cities, a related concept, is often defined as the propensity
to be adversely affected [50]. For some scholars, vulnerability and resilience are inversely related [51],
with their purest states appearing as extreme ends of an analytical continuum defined by exposure,
sensitivity and capacity to cope with or successfully respond to stressors and hazards [20]. For others,
resilience relates to the capacity component of vulnerability. Resilience applies to the ability of an
urban system to stay within its “basin of attraction” [20], through an ability to cope with, or adapt to
impacts and take advantage of opportunities. Conversely, vulnerability refers to a susceptibility to
impacts, some of which can lead to transformations that necessarily take that urban area outside that
“basin of attraction”. For urban areas, a basin of attraction may be related to governance structures,
infrastructures, technologies, economics, culture, tradition, habit, and political system. This list could
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certainly be expanded, but most importantly, it refers to all those things in the human realm that create
inertias to change, lock-in, and path dependency.

The notion of capacity is key to connecting research providing the analytic tools and insights on
existing conditions (is), in order to make the normative dimensions (ought) of urban sustainability
and resilience operational and provide the means to design and implement actions towards achieving
urban sustainability and resilience goals. Capacity relates to the unequally distributed pool of
resources, assets, and options governmental, private, and nongovernmental actors can draw on
to manage environmental risks, while pursuing the lives and development goals they value [52,53].
It makes explicit the connection to the underlying sociodemographic, economic, technological, ecological,
and governance (SETEG) domain contexts that give rise to those resources. It also relates to normative
and ethical principles, such as resource distribution equity. As such, it is concerned with the distribution
of adaptive or transformative resources to individuals, populations, communities, and organizations.
This distribution allows urban actors to envision, contest, and negotiate the urban worlds they
desire to live in. Conversely, it forces some urban actors to accept that they can neither know nor
achieve the means of transformation ([28,54] and Ziervogel, this issue). Transformation is a concept
deeply embedded in human psyche and can be found across human narrative from poetic-fictive to
empirical-scientific modes. It conveys the notion of systemic, essential, and radical change that has been
described within and across the SETEG domains, affecting technology, ecology, socio-demographics
and governance regimes [22,55,56] as well as livelihoods (see Feola [57] for a review).

2.4. What Are Urban Sustainability and Resilience?

Interestingly, notwithstanding differences within and across approaches to sustainability and
resilience, efforts have been made to integrate them. For instance, sustainable livelihood scholars and
practitioners see livelihoods as capabilities and assets to pursue a living [58,59]. Within the sustainable
livelihoods framework, sustainability is not only seen as a household’s capability to maintain a resource
base (natural and social) but also to respond to stresses and shocks. SES scholars have also analyzed
the dynamic economic, equity and environmental dimensions of resource use and vulnerability or
resilience in the face of stresses and disturbances cities constantly encounter. In this spirit, a key goal
of this paper and Special Issue is to connect and unpack the existing and potential capacities to pursue
urban sustainability and resilience. Toward that end, we will now briefly describe some of the most
influential movements and interpretations of these concepts.

By coalescing concerns in research and policy for the betterment of human with ecosystem
conditions, the Brundlandt commission [60] helped spark the development of a series of city relevant
sustainability frameworks. For example, economic models based on rational theories of decision
making [61] and steady-state interpretations of temporal scales, use a timescale and discount rate to
analyze sustainability as the efficiency of the rate at which an individual values the future. Therefore,
the discount rate seems to give low values to future damages, and thus, to “play against” the
environment and future generations [62]. For ecologists interested in the relationships between urban
ecosystems and the environment, sustainability is a condition in which urban populations’ needs are
met without excessively or irreversibly drawing down the carrying capacity of their hinterlands and
the regions they depend on regionally, nationally and globally [26]. An influential idea emanating
from a combination of the ecological and economic approaches, the ecological footprint [63], sheds
light on both carrying capacity and inequalities in resource consumption by calculating the amount of
biologically productive land area that would be needed to maintain the flows of natural resources and
wastes needed to maintain the production and consumption activities of consumers, companies and
districts in a city. In the “triple bottom line” or “three E” approach, including economic, environmental
and equity dimensions of development, the ideal urban sustainable community will become green,
profitable and fair, all at the same time [64]. Many suggest that the three elements can be combined
through strategies and planning instruments such as eco-efficiency, fair trade and substantial coalition
building efforts [7]. This can help make sure that advancement in one goal, such as land or energy
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development does not come at the expense of others, such as affordable housing, human health and
climate change mitigation. However, efforts to negotiate and balance the three pillars ought also to
acknowledge the political imbalance between the three [64].

Resilience seems to be increasingly embedded in the everyday discourse of scientists and urban
communities of practice (e.g., eight out of 11 papers in this issue are devoted to it). Two analytical
concepts underpin bounce-forward interpretations of resilience: adaptive cycle and panarchy [65].
The adaptive cycle graphically represents the dynamics of socio-ecological systems through four phases
(Figure 1): Together, these phases comprise a cycle that begins and ends in the reorganization, Alpha
(α) phase, with the system in a state of high potential and availability of resources for exploitation,
opportunity, innovation, and exploitation. In Alpha (α), opportunities begin to be taken up by pioneers
(species/companies/social movements) and the first internal dynamics and interactions of the system
take shape. As these interactions and dynamics accelerate and forces are mobilized, the system moves
into an exploitation-growth phase (r). The exploitation phase begins to slow as winners and losers
appear, niches, and carrying capacity limits (natural) or laws and rules (social) arise reinforcing
connections and patterns of social exclusion, polarization and forces of stabilization bring a shift into
the conservation–institutionalization (K) phase. The tightly bound exigencies of the K phase also
create a form of destructive potential, like a wound spring, and eventually give way to their own
internal contradictions, conflicts or pressures for release, scatter, or collapse, Omega (Ω). This release
reopens opportunities for transformation and reorganization or renewal to begin again in the Alpha
phase [65]. Capacity entails two main transitions or phases: the fore loop, from r to K, is the incremental
phase of growth and accumulation; and the back loop, from Omega to Alpha, is the rapid phase of
reorganization leading to renewal. The concept of panarchy conveys the idea of a dynamic and
evolutionary interaction between nested, socio-ecological systems, interacting across scales, between
larger, slow moving, and smaller, fast moving systems [45,66,67]. Socio-ecological systems such as
cities operate at various scales of space, time, and social organization. Panarchy helps to explore how
the interactions across scales shape the dynamics of a city at any specific scale [68], a point we will
come to in the next section.
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2.5. Applicability and Critiques

The applicability of resilience and capacity to urban affairs has been creatively and, sometimes,
critically embraced by social scientists [69]. Some have combined it with an analysis of structures
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of legitimation, domination and signification to examine how power is held and used to promote
or maintain certain pathways of urban development, and how transformation is blocked or may be
facilitated in select cities [2]. Others have connected it to the interpretive approach to urban planning
and its emphasis on fluidity, reflexivity, contingency, connectivity, and multiplicity [46]. Yet others,
within the disaster risk field, have defined resilience of communities. In these definitions, communities
have shared fate and geographic boundaries, and are the product of a complex interaction of “built,
natural, social, and economic environments” [70]. Each community has a dynamic set of capacities
(resources, assets and options) to respond to disruptions, hazards or adversities [70]. These capacities,
which are also key for sustainable livelihoods, manifest in a population’s wellbeing after a disturbance,
as evidenced by high and non-disparate levels of health, functioning, and quality of life within a
community. Ziervogel et al. (this issue) suggest that capacity can be nurtured through a focus on three
transformative attributes: mindfulness and re-connection to natural (water, food, energy, and air) and
human-made elements (governance, infrastructures, and economic) supporting people’s wellbeing;
sense of agency, in both individuals and groups; and strong social and community cohesion.

Notwithstanding that many conceptualizations of sustainability and resilience have gained
broad acceptance, some have also been subject to critiques. For instance, in sustainability theory,
economic models of rational decision making around intertemporal rates of resource use and waste
emission tend to oversimplify the issue and omit consideration of shifts between multiple possible
equilibria states, irreversibility, and the challenges of decision making, under conditions of uncertainty,
by groups of actors with different values, stakes and power levels [71]. Far from achieving a balance
between the three pillars of the triple bottom line approach to sustainability, urban governmental,
private, and nongovernmental actors encounter tension between three often incongruent and politically
unbalanced priorities, with equity and environmental issues taking the back seat to growth and
development [30,72]. Scholarship has overwhelmingly shown how pro-growth coalitions and middle
class interests frequently outmaneuver concerns for the poor, the vulnerable, and the environment
in cities worldwide [39,41]. In many cases (see Fernandez et al., this issue), inequality becomes a
long-lasting legacy, springing from disproportionate private sector influence within urban development
planning circles.

Concerns have also been raised around socio-ecological approaches to both concepts [2,28,46],
which have often been criticized for determinism and omission of the role of different levels of
agency and power in creating or preventing transformational movement away from previous system
phases and cycles. These scholars call for iterative and inclusive approaches to governance (Table 1:
governance). As illustrated by Fernandez et al. (this issue), pro-growth coalitions, unabated by
powerless local authorities and civil society organizations, pose challenges to navigating towards more
sustainable development. Conventional socio-ecological approaches often minimize the importance
of individual and collective potential for inventiveness, technology, vision and power in moving the
system to different, and not necessarily desirable states. Within the technological domain, resilience
paradigms can range between concepts of hard armoring (resulting in greater path dependency) to
stop the onslaught of nature to softer systems that can shift to different states dependent on conditions
(Table 1: technology).

Conventional SES approaches to sustainability and resilience omit key questions around social
and spatial equity by failing to ask for whom, when, and where sustainability and resilience will
be promoted. Whether resilient or not, urban development, while desirable for elites within a city,
is often highly undesirable for other urban populations bearing the brunt of the stress and hardship
associated with urban transformations (Fernandez et al., this issue). Furthermore, governmental and
nongovernmental actors can purposefully act (e.g., build dikes or import water from external basins)
and by so doing decrease, sustain, or enhance the sustainability and resilience of a city over a relatively
short-term. These actions can create an appearance of sustainability or resilience by postponing the
effects, in space and time, of energy and water use, waste generation, and social and environmental
disruptions and stressors. However, the long-term results of such actions may create impacts to the
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urban system over larger spatial and temporal scales and ultimately undermine their own resilience
and sustainability within the larger earth systems they impact (Aldunce et al., this issue). Of course,
the logic behind such environmental impact delaying actions is that, with more time, better solutions
might be found in the future that will move the system back to sustainability or resilience. However,
the resulting larger systemic issues will also need to be dealt with by future generations.

From the above discussion, we can conclude that it is fundamental not only to approach urban
sustainability and resilience as scientific dilemmas but also as social and ethical issues. Concepts of
sustainability and resilience resonate with different ways of knowing, values, motivations, and power
dynamics across spatial and temporal domains. Therefore, they are bridging concepts ([46] and
Aldunce et al., this issue) that demand collaborative knowledge production between researchers,
decision makers, and communities [73,74]. To find larger integrations of these concepts, it will be
necessary to elicit differences and commonalities of meaning and scope between these stakeholders;
to agree on what dimensions and attributes to include in analyses; and to address the social and
spatial equity questions of for whom, what, when and where we want to promote sustainability and
resilience. Of course, these questions open up the looming issue of power dynamics in the decision
making process and how these play out to create action. In the next section we will synthesize
existing approaches to addressing these questions and lay out critical knowledge pathways to navigate
this labyrinth.

3. Research Efforts to Study Urban Sustainability and Resilience in Practice

There are many different approaches and recommendations in the theoretical and practical
literature on the analytic (“is”) and normative (“ought”) dimensions of urban sustainability and
resilience. Therefore, rather than suggesting yet another framework, in this section we sketch a
roadmap synthesizing fundamental components and questions defining existing, and potential,
research on urban sustainability and resilience that can productively guide future research and practice.

3.1. Causal Relationships and Attributes

Diverse quantitative and qualitative methods have been devised to analyze a myriad of social,
economic, technological, ecological, and governance processes of urban development. Yet these
studies have not attempted to examine interactions between the SETEG domains comprehensively.
Furthermore, examinations of these processes usually fall to explaining deficiencies in sustainability
or resilience and to defining what combinations attributes accurately characterize these deficiencies
in units of analysis ranging from segments of urban populations to whole cities, urban regions and
countries (see Shen et al., and Suarez et al., this issue).

For example, socio-ecological systems approaches to urban sustainability focus on the dimensions
and attributes explaining the long-term impacts cities have on their resource bases, ecosystem functions,
and populations’ welfare. They apply indicators of (a) sources of energy, water and other natural
resources; (b) sinks affecting such things such as the quality of water bodies, air pollution levels and
GHG emissions, based on the ability of natural systems to absorb urban wastes and byproducts, within
limits set by carrying capacity; (c) dynamics of ecological support systems, e.g., climate regulation, flood
protection; (d) socio-demographic characteristics of urban communities, infrastructure, and aspects of
the economy affecting sustainability and resilience; and (e) impacts on human welfare [26].

Scholars researching urban sustainability and resilience, as processes determined by a
context specific combination (or lack) of capacities, focus on (dynamic) attributes of resources,
assets and options urbanites draw upon to respond to disruptions and stresses they encounter
(resilience), while pursuing their livelihoods, businesses, and urban planning and management goals
(sustainability). This issue offers examples of efforts to capture the attributes defining these capacities.
Romolini et al. (this issue) suggest a social-ecological framework (STEW-MAP) for examining
and understanding urban stewardship networks in the cities of Baltimore, Chicago, Los Angeles,
New York, San Juan, and Seattle. Their goal is to identify and examine relationships between these
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organizations and the ecological phenomena with which they interact. Building on Ostrom [23],
Schauppenlehner-Kloyber et al. (this issue) identify critical attributes defining governmental and
nongovernmental actors capacities to govern the sustainability and resilience of urban commons in the
Austrian city of Korneuburg. Key attributes are (a) well-defined boundaries around who participates
and the spatial delimitation of the urban resources; (b) congruence among benefits, risks and costs
for participants; (c) actors who have the right to co-design their own rules; (d) regular monitoring
of actors and resource conditions; (e) graduated sanctions to maintain cohesion; (f) mediation and
conflict-resolution mechanisms; (g) minimal recognition of participants rights by government; and (h)
allocation of authority for adaptive governance at multiple, nested levels.

Other scholars have identified a series of political and economic factors determining institutional
capacity for change in cities [75,76]. Institutional capacity here refers to the broad pool of resources
urban governmental, private, and nongovernmental actors can use to pursue both sustainability and
resilience goals (e.g., reducing energy use or adapting to climate stresses). Scope and effectiveness of
actions was found to be affected by these factors [41]:

(1) Composition of the group—as defined by the multilevel actors and networks involved, and the
mechanisms in place for actor engagement and participation

(2) Legal frameworks in place to define responsibilities, decision making power, and
planning mechanisms

(3) Generation and transmission of information and different ways of knowing
(4) Financial resources, decision-making power, and leadership.

Meerow and Stultz and Aldunce et al. (this issue) use a literature review and a participatory
approach to identify attributes of urban resilience in theory and practice. While Aldunce et al., highlight
the importance of co-production in turning abstract factors into concrete, context specific and socially
relevant knowledge, Meerow and Stultz find that scholars and practitioners define urban resilience
differently, with the latter using more engineering, steady-state approaches (Table 1: Governance),
which run the danger of focusing urban policy action on maintaining the status quo.

A different picture emerges from analyses focused on urban sustainability and resilience at
the community level. For instance, McMillen et al. (this issue) analyze the broader sustainability
implications of resilience attributes, such as place attachment, social cohesion and networks, and
knowledge exchange and diversification. These are attributes of stewardship practices, defined as
actions of caring for the environment “to enhance the quality of life for the greater public good”.
Two stewardship practices, urban gardens, and the Living Memorials Project, in response to the losses
due to the September 11 terrorist attacks in New York, provide a sense of place attachment and identity
that can enhance urban communities’ empowerment and sense of agency.

For scholars using livelihoods approaches to research sustainability and resilience of urban
households, stresses and hazards interact with historic patterns of socio-economic and institutional
segregation, placing some urban populations in hazard-prone areas and endowing households
with access to resources and options differently [77–80]. Forces of socio-economic and socio-spatial
segregation are conditioned by interactions between SETEG domains.

Without specifically naming them as such, scholars identify key SETEG factors determining
populations’ resilience or vulnerability (see Table 2): (1) the characteristics of the stressors or disruptions
to which populations are exposed (e.g., magnitude, intensity and timing); (2) the set of multilevel
capacities allowing populations to respond, and pursue their livelihoods; and (3) the responses to
and impacts of the stressor(s) on populations’ wellbeing (e.g., their health; patterns of behavior,
and functioning at home, school, or work). Capacities are determined by historically constructed social
and institutional factors [79,81]:

(1) Urban labor, land and housing markets;
(2) Legacies of past political decisions around land use planning, infrastructures and services;
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(3) Mechanisms of social exclusion (e.g., through race and gender);
(4) Actual or potential resources that are connected to possession of a durable network of

social interactions;
(5) How populations perceive networks (e.g., as caring and readily available, or aloof and

unavailable) as well as how they use them to pursue their life and development goals and
to respond to hazards;

(6) Information and communication as access to useful information is a key resource that allows
sustainable and adaptive performance [79].

Table 2. Example of Indicators of an Urban Population Resilience [79].

SETEG Dimensions Hazard Exposure Sensitivity and Capacity

Socio-demographics Population in hazard-prone areas,
Population growth rate

Age, gender, education, ethnicity,
linguistic isolation, perception

Economy Service, industrial, activities and utilities
in hazard-prone areas, land uses

Income, unemployment, insurance,
home ownership

Technology Housing density, location of
infrastructure and utilities

Settlement type, housing design,
hazard mitigation infrastructures

Ecology Temperature, precipitation,
topography, land cover

Land use and land cover,
deforestation and erosion, green ways

Governance Land use zoning, building codes, growth
cap, floodplain maps, wildfire maps

Actor-networks, emergency response
systems, operating community groups

These last two attributes interrelate, as communication is a two-way transmission of meaningful
information that creates shared meaning and a chance for community members to express needs and
exchange views [72,79].

3.2. Relationships between Attributes and Outcomes

In order to better understand the links between attributes of dimensions of urban development
and sustainability and resilience, scholars and communities of practice have compared examples
from local contexts to show how differences in relevant attributes may affect outcomes. A solid
body of literature exists on the links between sustainability or resilience outcomes and a variety of
attributes—from city size through socio-economics to multilevel governance and sustainability actions
in cities (see Wu et al., this issue). This literature will be boosted by the framework for implementing
Sustainable Development Goals (SDG), particularly SDG 11, which calls to “make cities and human
settlements inclusive, safe, resilient and sustainable” [82], as it is mostly concerned with the extent
to which local governments have and will commit to sustainability and resilience principles in their
planning practices [7]. Scholars are already pointing to challenges of data availability to monitor
SGD performance, in terms of issues such as indicators chosen, data sources, and level of temporal
and spatial resolution [83]. In seeking to understand the low levels of adoption of sustainability
policies and actions by city officials, Svara et al [84] identify a comprehensive set of explanatory factors.
These factors include not only control variables (e.g., city density and population), but also forms
of government, policy priorities, and community attributes such as age, income, education, home
ownership and ethnicity (see also [40,72]).

A Pressure-State-Response conceptual model focuses on two main forces determining
sustainability or resilience outcomes: the processes involving increasing pressure and the processes
relieving that pressure [85–87]. Blakie et al., (2004) the creators of this model, point to how disasters
(an outcome ) are created by pressures, such as physical or biological hazards and the cumulative
progression of vulnerability resulting from historic processes of socio-spatial differentiation; and to
how disasters are also mediated by dynamic pressures such as governance structures. This approach,
which has been used by the Organization for Economic Co-operation and Development (OECD) to
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measure urban sustainability over more than two decades, entails indicators of three dimensions:
(i) stresses or disruptions such as financial turmoil and climate change; (ii) urban conditions such as
quality of access to energy and water, ecosystem services, and human health; and (iii) capacities to
respond including financial and technical resources, city expenditures and actions [88].

In the current context of daunting social inequality worldwide [89], key to creating a science
that can engage with and inform actions to enhance sustainability and resilience across scales, will be
understanding how urban households, ranging from poor to wealthy, vary in their capacities to create
sustainability and resilience and knowledge of the processes creating this variability. Some scholars
have combined qualitative and quantitative methods to analyze the relative influence of wealth and
inequality on differentiated capacities to respond to climate stressors, within and across household
classes in cities [79]. They have found that under current climate conditions, high household
vulnerability levels in cities are accounted for mainly by differences in indicators of wealth (e.g., land
tenure, housing, stable income, infrastructure) and of capacity (e.g., education, reliance on community
support). Urban development attributes of wealth and capacity are fundamental determinants of
resilience across cities worldwide [78,90–92]. Since this pattern of unequal access to resources and
options could be aggravated in a future (warmer) world, scholarship clearly points to the urgency
for capacity enhancing actions and policies to increase the resilience, particularly of vulnerable
populations. Furthermore, research suggests profound transformations are necessary towards policies
and actions addressing the structural drivers of social marginalization and exclusion in cities ([79] and
Fernandez et al., this issue).

3.3. Comparison and Classification

Several efforts have been made to compare and rank urban sustainability or resilience attributes,
trends and actions within and across cities. The most common tool to do this is the use of indicators
for an array of analytic and normative purposes: to improve scientific understandings and make
comparisons; to capture multiple aspects of urban sustainability and resilience; to determine baseline
conditions and measure trends; and to support decision making through monitoring and warning
systems [88,93]. Because urban sustainability and resilience are multivariate and multifaceted, a range
of different methods can be used to characterize the relative importance of indicators. For instance,
some scholars and practitioners have applied the three Es approach (environment, economy, and
equity) to create indicators of performance to guide actions seeking to achieve more sustainable
pathways of urbanization (e.g., OECD and Shen et al. this issue). Others have grouped indicators
into the three Es to capture the sustainability initiatives pursued by city officials [72,84]. In a similar
vein, Suarez et al., (this issue) rank resilience across 50 Spanish cities using indicators of diversity,
self-sufficiency and participation.

However, the use of indicators is often fraught with problems. In measuring urban sustainability
and resilience, the choice of indicators depends on the theoretical approach used, which tends to shed
light on some dimensions and omit others [94]. In building indicators, scholars and communities of
practice are guided not by what they should measure but by what they can, given data constraints, or
what they want, given values and interpretations, hence, inevitably leaving out some key processes
and interactions involved (See Suarez et al., this issue). Scholars have pointed to the need to critically
and constructively embrace the following challenges: subjectivity and uncertainty in many processes
involved in the selection and aggregation of indicators; the selection of indicators may not be sufficient
to describe the dynamic and complex nature of urban sustainability and resilience; the weights
assigned to each indicator; and the ranking of observation units into sustainability or resilience
categories [79,93,95]. Several procedures have been applied to address and embrace subjectivity and
uncertainty. These often involve developing different methods of collaboration among researchers,
stakeholders, and urban communities throughout the index construction process (e.g., the selection
and weighting of indicators and the aggregation of indicators) [59,96–99].
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4. Transitioning to Urban Sustainability and Resilience: Agreements and Differences

While the environmental limits to development and urbanization are increasingly acknowledged
internationally, nationally and locally, there is little agreement on how to transition to urban
sustainability and resilience in practice, let alone how to move from incrementalism to transformation.
For some, urban sustainability and resilience are technical problems that can be addressed through
greater knowledge, innovation and technical expertise. Others (including us) see these challenges as
opportunities to engage in co-production, to explore and address the underlying urban development
drivers and causes of environmental change [2,100] (e.g., Ziervogel et al. this issue). Moreover, we need
an understanding of the social, economic, technological, environmental, and governance strategies
and innovations needed to support efforts to navigate to sustainable and resilient futures. However,
we also must acknowledge that the meanings and implications of sustainability and resilience are
contested and ultimately emerge from deliberations among actors with unequal levels of power about
the desirability of alternate futures, the necessary means of attaining them, and the tradeoffs that will
be accepted along the way. As such, sustainability and resilience require innovative approaches to
understanding the social dimensions of change [11] and engaging science with society at large [101].

Indeed, an increasing number of works within the literature acknowledge that the challenges
of sustainability and resilience exceed the capability of traditional sustainability and resilience
science and practice [100]. Furthermore, both scholars and communities of practice agree on the
need for iterative approaches to science co-production (see Aldunce et al.; Ziervogel et al.; and
Schauppenlehner-Kloyber et al., this issue). However, deep differences remain along two main fronts.
First, those framings that suggest the use of interdisciplinary methods and data to objectively examine
or co-analyze the dynamic interactions and feedbacks between social and ecological domains, in order
to identify the key dynamics of urban sustainability and resilience challenges [101,102]. Second, those
approaches that embrace the importance of social practices, subjectivity, values, and consciousness in
defining, contesting, imagining and creating more sustainable urban worlds ([102–104] and Ziervogel
this issue). In this context, rather than resulting from actions derived from scientific or expert
knowledge, urban sustainability and resilience can and need to emerge from dialogues about desirable
urban futures, of which the science of interactions between social and ecological systems will play
a necessary but not sufficient part. As such, these goals must be informed by an understanding of
the social, economic, technological, and ecological constraints to change and of the implications of
different courses of action [101].

5. Concluding Remarks

Many papers in this Special Issue and the broader literature reviewed in this article, are driven by
the conviction that climate change and other environmental challenges facing humanity not only offer
reasons for concern, but also open many opportunities for contemplating, questioning, and changing
our current unsustainable relationships with the environment, and with each other. Furthermore, they
open opportunities to transform the ways we think about and relate to our increasingly urban world.

Some similar challenges of scope and scale exist among sustainability scholars. For instance,
they tend to view the environment, through a frame of human wellbeing, with first concern for
economy and society. Similarly, resilience tends to be related to a system’s capacity to adapt to stresses
and disruptions, often with a lower level of priority for the viability of other interacting systems.
While seeing cities as socio-ecological systems can certainly extend the scope of our understanding
of urban sustainability and resilience, its analyses can become too broad and may lose relevance in
studying (or addressing) on the ground realities. We suggest, therefore, that the definition of urban
areas as socio-ecological systems be decomposed to five SETEG domains. These domains represent
subsystems of the socio-ecological universe, whose interactions can be more easily understood.
We have given some examples of how indicators can be used to assess the SETEG dimensions and
interactions creating urban sustainability and resilience, and discussed some of the limitations of
existing approaches to indicator selection and aggregation.



Sustainability 2016, 8, 1224 14 of 19

Currently, rather than gaining a profound transformation in the way we see the world, science and
practice are caught between two incongruent views of urban sustainability and resilience. From one
perspective, this world is mechanistic, linear, and deterministic, thus allowing for steady-state and
bounce-back interpretations of sustainability and resilience. This view is very common among city
officials, as might be expected based on their need to operationalize and show concrete results
in time and space (and economics). This bias has been shown by Meerow and Stultz (this issue).
In the opposing view, however, our urban world is dynamic, complex, adaptive, and multifaceted.
A recognition of this complexity, however, must also include a recognition of sustainability and
resilience as emergent and contested concepts that are continually reframed. In practice, this reframing
sometimes follows the need to respond to operational realities, real or imagined.

While the concept of capacity is fundamental to linking the analytic with the normative dimensions
of urban sustainability and resilience (the “is” with the “ought”), the distribution of capacity cannot be
separated from the political and economic realms in which it operates. In this distribution, the resources
and remit, with some urban actors having to maintain the status quo, are central to enduring (resilient)
patterns of socio-spatial inequality (Fernandez et al., this issue). However, this type of resilience may
ultimately be self-defeating (mal-adaptive). Yet, even within the context of social barriers, change does
happen. Others have capabilities to promote and innovatively nurture the transform the potential
of communities (e.g., the youth) to reconnect to “life-support systems, social cohesion, and agency”
(Ziervogel et al., this issue).

Capacities also vary across scales, and the uneven distribution of capacity across scale leads
to conflict and problems with definitions of sustainability and resilience. Development, adaptation,
and lifestyle choices that benefit the powerful within a city often create costs for the less fortunate.
At the heart of this conflict is the offloading, in time and space, of stressors and impacts to future
generations and vulnerable populations and places. A political and economic spectrum of visibility is
created within the SETEG, based on the dynamics of power, economics, space and time. Operating
within this spectrum, urban actors may create an appearance of sustainability or resilience by offloading
the effects of energy and water use, waste generation, and social and environmental disruptions and
stressors in space and time (outside the visible spectrum). It is fundamental, therefore, to examine not
only what urban sustainability and resilience mean, but for whom, where and when, sustainability
and resilience will be operationalized.

For all its potential, community and city level engagement with urban sustainability and resilience
is also faced with challenges. Some contributors to this issue explore the capacities with which urban
actors have to interact, deliberate and collaborate to pursue diverse sustainability and resilience goals.
Examples include co-developing master plans in Korneuburg, Austria; Fostering Communal Wellbeing
in Bergrivier, South Africa; and Living Memorials Project in New York. Yet, no matter how promising
these efforts are, they are also constrained by structural processes and dynamic pressures, such as
sociodemographic shifts, enduring (or resilient) socio-spatial inequalities and the dynamics of power.

These processes and dynamic pressures are only beginning to be understood by a sustainability
and resilience scholarship that has its roots in seventeenth century, empirical science. This science
made possible the industrial revolution that unleashed our current environmental crises. It also led
us, along relatively straight pathways, to the relationships urban areas have with the natural world.
Creating sustainable and resilient urban relationships with the environment will entail a reimagining of
those relationships. That reimagining will require that we improve our understanding of the dynamics
of urban relationships with the environment across space and time. However, just as importantly,
we must better understand our relationships with each other within and across domains of time, space,
economics, and human organization.
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