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Preface

The Urban Planet is the result of a collaborative project within Future Earth
(www.futureearth.org). It emphasizes the need for a new knowledge genera-
tion agenda, given the urgency of understanding the sustainability challenges
and options for a rapidly urbanizing planet. Our urban future will determine
the viability and vitality of the human endeavor towards global sustainability.
This centrality of cities to the sustainability of people, planet, and prosperity
points to the need for continuous investments in an expanded and flexible
urban science and practical knowledge generation that is forged out of innova-
tive interdisciplinary and multisectoral understandings of the complex systems
that both drive and derive from the prevalence of urban ways of being. Greater
understanding of urbanization processes and the multiscale interactions and
feedbacks with the earth system is required for addressing the complex issues
related to urbanization and sustainability, and for aiding in the solutions. This
book aims, therefore, not only to provide a synthesis of existing knowledge
across the different disciplines, but also to showcase new ways of producing
and integrating knowledge, extending the frontier of urban research, and pro-
viding new directions in research and practice that will help us achieve the
cities we want now and in the future.

In addition to academic scholars, this book gathers important urban stake-
holders from a diverse range of disciplines to jointly show ways of coproducing
knowledge. These urban stakeholders are critical, because ours is a book that
aspires to make a difference in the real world of city building, city renovation,
and city invention. To do so, the ideas of academics and thought leaders are
paralleled by voices on the front lines of urban development and change - by
stakeholders such as journalists, artists, designers, architects, landscape archi-
tects, activists, youth, and urban practitioners from city governments to civil
society - whose perspectives are typically left out of academic books. The fourth
part of The Urban Planet comprises contributions by 39 such diverse stakehold-
ers, from the perspective of where the urban “rubber hits the road.”

The Urban Planet thus draws from diverse authors and intellectual traditions
to engage the emerging science and practice of cities, and evolving ideas about
global urbanism. This large-scale undertaking (with over 100 contributors) rep-
resents a diverse range of disciplines as well as important urban stakeholders.
This new generation of scholars will be responsible for producing the evolving
analysis, knowledge, and methods necessary to spark the innovation that will
be required to make cities the most efficient, equitable, and sustainable places
to live. Much of what happens, both in cities and across the global urban sys-
tem, will result from the actions of citizens and political decision-makers. But
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knowledge gaps and poorly understood urban design - its patterns, processes,
and risks - in our urban planet will inevitably lead to poor decisions. Solid
knowledge and knowledge-driven practice will be key to the future of life on
Earth.

As editors and authors, we put considerable effort into addressing the scale
issues and heterogeneity in urban issues (for example, differences in geogra-
phy, biophysical conditions, size, growth rate, socioeconomic conditions, and
demography). This is to avoid the usual generalizations that flow from the typ-
ically small selection of northern hemisphere and Global North cities included
in similar volumes. Furthermore, we have tried to apply a knowledge copro-
duction mode of operation. The selection and assembly of the chapter-author
teams intentionally include disciplinary, regional, and gender diversity for
more holistic perspectives on the respective chapter topics. This is likewise true
of the authors of the provocations, who represent many communities of prac-
tice from around the world in both the Global North and South.

We believe that integrating knowledge from science and practice - or, more
abstract research ideas with lived experience - will be critical to building better
cities. Decision-makers at various levels of government require knowledge that
is both grounded in science and data, and also consistent with proven practice
on the ground, at street and neighborhood levels. This belief led us to include
both perspectives - academic, practitioner, and the many gradations between -
in this volume as a single book, perspectives that are typically sequestered into
separate forums.

But, as in real life, integrating diverse, even radically different, perspectives
and points of view is challenging. Much of this process has evolved organically
during the production of the book, allowing us to follow needs and address
emerging issues in novel collaborations of authors. Indeed, we examined
various approaches to integrating academic and practitioner perspectives:
having practitioner responses interrogate academic chapters; interspersing
academic and practitioner contributions; and gathering each point of view in
their own section. In the end, we chose the latter path, and pursued three aca-
demic sections around major themes (Parts I, I, and I1I), and a section called
“Provocations from Practice” (Part V). We found that this arrangement best
honored the unique contributions of each.

We can also see how different the perspective often are. There is still much
work to be done to integrate research and practice into integrated urban knowl-
edge. This book continues a march in that direction. While there are many
profound differences among the chapters and sections, all share a common
interest: discovering and sharing ideas that can help produce future cities that
are better for both people and nature.
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The Urban Planet

Structured in four major sections comprising 18 diverse academic chapters and
36 provocations written by nonacademic knowledge holders and practition-
ers, the book tracks the surge of urbanization globally. We pose this question:
What new thinking is required to radically shift the urban trajectory onto a
more sustainable path, a mandate for urbanism that international policy-mak-
ers provided when they endorsed the 2030 Agenda in 2015 (UN 2015) and the
New Urban Agenda in 2016 (UN-Habitat 2016)? Taken together, the book’s con-
tents speak to the new multilateral demand that cities be given greater prom-
inence in development. They also reflect the complexity and range of city
realities and highlight the multiple, even competing, concerns of what we may
frame as existing or contemporary urban science.

The book’s four parts are I) Dynamic Urban Planet; II) Global Urban
Sustainable Development; III) Urban Transformations to Sustainability -
corresponding to the three crosscutting themes that underpin the research
framework of Future Earth; and IV) Provocations from Practice.

Part I: Dynamic Urban Planet

In the first part, we seek to define the continuum of urbanity since there is
a surprising lack of common understanding among scientific disciplines on
what characterizes or defines an urban area or urbanization, making compara-
tive and composite assessments of urban change difficult. This part of the book
presents leading views, models, and new data from a diverse set of disciplines
to advance our understanding of the urban, including the fundamental com-
plexity of urban systems and how these intersect and interact with politics,
justice, health, climate risks, and economics. The current framework of cities
as social-technological systems is too narrow and should be complemented
with the view of cities as complex social-ecological-technological systems that
has recently advanced within urban ecology and social-ecological systems
perspectives. This advance is critical given that the continuum of urbanity
includes many characteristics and processes other than the particular density
of people or land area covered by human-made structures. Furthermore, the
conventional view of the urban-rural dichotomy is vastly outdated and needs
to be challenged and replaced.

The first three chapters of the book deal with the different pathways of
global urbanization; how they relate to different social, economic, historical,
and geographical contexts, as well as ditferent drivers and impacts; and the
multifaceted dynamics of growing and shrinking urban areas. Different types
of urban-rural interactions and urban teleconnections are introduced and
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discussed. An important dimension is the shift from cities as social-technolog-
ical systems to complex social-ecological-technological systems.

Chapter 3 focuses on urban metabolism and challenges in the Anthropocene.
Chapter 4, on dynamics of risk and vulnerability, examines existing and for-
ward-looking approaches to risk, vulnerability, and resilience - for example, in
coastal, mountain, and desert cities as well as in rapidly growing, affluent, and
shrinking cities. It discusses vulnerability and resilience at multiple scales (for
example, from the city to the neighborhood), and it examines infrastructural
resilience and its relationship to vulnerability as well as the significance of gov-
ernance and politics in shaping urban risk.

Chapter 5, on urbanization and health, outlines the current major threats
to urban health and well-being worldwide, for example, an aging population,
the epidemiological shift from infectious to noncommunicable diseases, and
climate change, which is changing both disease patterns and quality of life in
cities. For coping with urban health challenges, a transdisciplinary systems
approach is taken, which conceptualizes urban health disorders as emergent
properties of urban systems. Among the lessons learned are that changing
urban environments can have a broader and more cost-effective impact than
changing individual behavior. As a result of health determinants being highly
interconnected, a health-in-all-policies approach promises sustainable and
equitable urban development outcomes.

Finally, Chapter 6 covers urbanization and macroeconomy and demon-
strates that aggregate economic growth and productivity are closely correlated
with urbanization levels. Yet, while urbanization and productivity regularly
rise in tandem, not all cities are equally productive. The chapter explores expla-
nations of why urban poverty and intra-urban inequalities continue to persist
and even intensify despite increased per capita productivity. The chapter con-
cludes with an outlook on future challenges and opportunities. Rising inequal-
ities and pressures from global market economies are expected to increasingly
affect cities, threatening economic and social opportunity. However, moving
towards a green economy could have tangible and considerable positive effects
on the environment, productivity, and economic growth. International col-
laboration also represents an opportunity to hold local and national govern-
ments accountable for their actions. Ultimately, proactive local governments
are needed to reduce local constraints to productivity, as well as strong social
programs and distributive mechanisms to create opportunities for all citizens.

Part Il: Global Urban Sustainable Development

Although widely sloganized and even abused by greenwashing, sustainability
as an aspirational and perhaps normative concept remains remarkably durable.
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Ironically, perhaps, it is even experiencing something of a resurgence rather
than being eclipsed by “resilience” as many had anticipated. This is explicable
in at least three ways, namely that sustainability is broader and has resilience
as one of its characteristics; that similar analytical ambiguities and operational
weaknesses identified with respect to sustainability also apply to resilience;
and that any such concept is open to contestation, discipline- or context-spe-
cific interpretation, and weakening through popularization.

The urban represents one crucial arena in which such debates are mani-
fested, and the catalytic and often contradictory roles of towns and cities as
fulcra of population concentration, resource-intensive production, mobility,
consumption, and both waste and opportunity generation - albeit in different
combinations in different contexts - are now almost universally recognized. A
key stimulus in this regard has been the explosion of research, political debate,
and commitment to climate change mitigation, adaptation, and resilience.
This has been further sharpened by increasing evidence of the devastating
impact of increasingly severe and frequent extreme events on urban areas, both
the highly vulnerable and the supposedly well protected and resilient.

All too often, however, debates over how to promote urban sustainability
and resilience in progressive terms remain trapped in narratives that assume or
imply that this is possible within cities in isolation from their hinterlands. Yet
precisely because urban areas are not islands but integral parts of their natural,
economic, and political regions, urban sustainability must be conceived and
pursued as part of national and broader societal sustainability efforts.

The six chapters in this part examine ongoing conceptual (re)formulations
and more practical initiatives to achieve urban sustainability by harnessing
new information sources, technologies, and tools; creating and exploiting
opportunities in international initiatives like the Sustainable Development
Goals (SDG) and New Urban Agenda; and by applying new approaches to
engage key stakeholder groups, especially those normally marginalized by
and from conventional urban planning, design, and management procedures
in order to achieve greater traction, acceptability, and local appropriateness.
Several connective threads weave throughout these chapters that are impor-
tant to highlight, particularly as they offer key messages for urban sustainabil-
ity research, policy, and practice.

The first major thread concerns equity and justice principles, and thus links
to where Part I ended. For example, Chapter 7 begins by pointing out that the
“social” sphere of the traditional three-pronged approach of sustainability dis-
course has been, to date, heavily underemphasized within both research and
practice, while resilience efforts are often critiqued for lacking critical exami-
nation of underlying power structures or conditions that maintain the status
quo. That is, inequality and corruption may be highly resilient systems, but
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they are clearly undesirable if the goal is to foster greater livability in the era of
global urbanization. Inequality is further examined in light of the increasing
trend of utilizing big data in the urban context. This brings to the forefront
questions of what and how data are being collected or accessed, distributed,
and used, by whom, and who is benefiting from these applications. As the use
of crowd-sourced and remote sensing data and other technologies increase to
support “smart” cities around the world, it is imperative that data-driven, or
rather “data-informed,” solutions support equitable and just urban areas.

Closely related to equity is the second thread - the importance of finding
new and more appropriate (and democratic) methodologies and instruments
for “the urban.” Acknowledging that traditional or conventional (mainly
Northern-derived and -centric) urban planning, development, and manage-
ment approaches are often inadequate, the chapters emphasize the impor-
tance of nonexpert knowledge and participatory opportunities; citizen science
or coproduction; and capitalizing on the innovation space that urban areas
offer, such as the use of “living laboratories” that might help catalyze social
innovations and lead to the transformation of more inclusive and effective
urban governance structures. These approaches, which are in many ways
complementary to one another and to novel and more democratic forms of
generating and using big data, represent promising ways forward for the next
generation of urban research and action.

The third collective message from the chapters is the continuing challenge of
scale, that is, the inherent difficulty of reconciling the distinctiveness of specifi-
cally urban contexts with the need for integrated urban sustainability planning
at the scale of functional/ecological urban regions, and also advancing sustain-
ability through urbanization at the global scale (that is, ensuring that sustaina-
bility efforts in one location do not erode efforts or conditions in another). This
tension is central to the book’s premise of the need to situate urban sustaina-
bility within an understanding of “planetary urbanization.” This is particularly
evident in the two chapters that connect to the most recent UN-led sustaina-
bility developments, such as the new urban SDG, the New Urban Agenda, and
Agenda 2030. What is clear is the need for holistic, localized indices and indi-
cator sets for planning and management purposes, but this will also be crucial
for the implementation of such global sustainability agendas.

The six chapters in Part II have been arranged to provide a logical flow of
arguments and illustrative cases from the broad and contextual to the more
specific. The first three are also global in scope, respectively addressing the evo-
lution and use of the core concepts in different settings; the ongoing process
via which urban sustainability and resilience indicators within the UN system
have developed increasing sophistication and universal relevance over succes-
sive generations; and the unprecedented process of formulating and gaining
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international political approval for the most ambitious global urban sustain-
ability agenda within a broader sustainable development approach. The latter
three chapters survey and illustrate three innovative and potentially comple-
mentary urban research approaches that emphasize substantive participation
and coproduction.

Altogether this part seeks to showcase a diversity of perspectives, an evolu-
tion and “state of the art” in sustainability and resilience interpretations, and
the actions that seek to improve urban areas worldwide. These new and, in
some cases, unconventional approaches help to move agendas forward and
open new potentials for our urbanizing planet, many of which are presented
in Part III.

Part 1ll: Urban Transformations to Sustainability

Governance shapes transformations towards urban sustainability and resil-
ience. In Part I1I, we identify opportunities and challenges facing city officials
and private and civil society actors in their efforts to develop governance solu-
tions that support sustainable and resilient urban development. We introduce
key urban governance terms and describe the governance factors shaping social
and environmental change in urban areas. Chapter 13 describes policy actions
seeking to mitigate or prevent environmental risks and impacts, and to adapt
to environmental threats and disruptions. It analyzes the sectoral and juris-
dictional actor-networks involved in designing and implementing actions,
and the opportunities, barriers, and limits that multilevel governance poses
to local climate and environmental policy. The remaining chapters through-
out this part take a close look at the governance of environmental change and
transformations through different forms of experimentation.

This part also examines the diversifying role of civil society organizations in
fostering Europe’s sustainability pathways in cities. First, civil society initiatives
can pioneer new practices, eventually leading to radical changes in the ways of
organizing urban life. Therefore, these initiatives can be an integral compo-
nent of urban transformations and can fill the void left by a retreating welfare
state, thereby safeguarding and servicing social needs but also backing up such
arollback of the welfare state. Finally, civil society organizations can function
as a hidden innovator - contributing to sustainability but remaining discon-
nected from the wider society. While civil society organizations currently play
anoteworthy role in decision-making around sustainability, some dangers also
exist. Civil society initiatives can be used by neoliberal agendas to legitimize
existing power structures and deepen social inequalities between and within
communities, given their uneven capacities to self-sustain and self-organize.
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Good Anthropocene futures are envisaged through the collection and use of
“seeds,” defined as initiatives that exist at least in prototype form but are not
currently dominant in our world. These seeds are used to explore the poten-
tial for fostering radically different futures. The authors highlight the synergies
and tensions between the underlying values reflected in the seeds, and also
how these seeds can be used to think about an urban planet. They conclude by
presenting new research directions suggested by this project.

The part ends by describing conceptual and theoretical tools that have
emerged in the attempt to understand the role of collaboration in transition-
ing towards sustainable futures. The chapter explores experiments in collabo-
ration that have shaped local politics and models of governance. It underscores
the capacity of local governance actors to respond to identified sustainability
challenges, the networks of interaction they form, and the scale of transfor-
mation that takes place over time. It questions whether collaborations among
public and private actors can deliver on multiple priorities simultaneously, and
seeks to analyze how experiments in collaboration may be reshaping urban
politics more broadly, or just revealing new governance questions.

Part IV: Provocations from Practice

“Provocations from Practice” is a novel inclusion for an academic book, but it
is key for addressing the breadth of knowledge that is actually required to build
better cities. What do we mean by provocations? One of our core themes of the
book is knowledge: What knowledge do we need for cities of the future that are
more sustainable, livable, resilient, and just? Where will it come from? How
can it be produced (or coproduced)? How will it be used (or misused)? These
questions are starting points for provocations. The contributors inspire us to
think about these issues in new or different ways from their point of view and/
or practice. Further, they speak of urbanism and its knowledge as a lived reality,
from practitioners of all sorts who build cities from the ground up: architects
(Paul Downton, PK. Das, Anna Dietszch), landscape architects (Andrew Grant,
Diana Wiesner), artists (Lesley Lokko, Mary Miss), activists (Cecilia Herzog,
Guillermina Ramirez, Gurbir Singh), civil society actors (Cristina Rumbaitis
del Rio, Mary Rowe), government and elected officials (Troy Pickard, Debra
Roberts), journalists (Mahim Maher, Andrew Revkin), specialists from NGOs
(Robert McDonald, Kareem Buyana, Pengfei Xie, Lorena Zarate), young stu-
dents (Kate Scherer, Umamah Masum), and others. They may comment specif-
ically about the ideas included in the academic chapters or take us in new and/
or otherwise missing directions. A key question of these provocations is this:
What knowledge is needed to build cities at the street and neighborhood level?
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And: What is missing from standard academic discussions of sustainability and
livability? In these important senses, we have intended not to privilege the aca-
demic contributions as being more important, or more central, to the concept
of sustainability. At 36 in total - from 39 authors in 31 cities on 6 continents -
these provocations from practice offer key voices and ideas that are central to
the struggle for urban sustainability.

Many pieces illustrate the fact that it is not only urban academic research
that is flourishing. Cities around the world increasingly benefit from greater
participation and activism by civil society, practitioners, and regular citizens.
This activism has three key benefits. First, it facilitates the grounded practice
of making better cities not just through knowledge, but action: the design of
neighborhoods, infrastructure, and open spaces - that is, places - that are bet-
ter for both people and nature (see Keitaro Ito, Cecilia Herzog, Anna Dietzsch,
Rebecca Salminen Witt, Lorraine Amollo Ambole). Second, it demonstrates
that justice, livability, and participation by urban citizens in decision-making
and urban creation should be key drivers in any connection between academic
knowledge and policy (see Robert McDonald, Diana Wiesner, Lorena Zarate,
Anjali Mahendra and Victoria Beard, and PK. Das). Indeed, what knowledge
do cities themselves feel they need? What kind of cities to they want? Third,
it unveils that there is a clear role for imagination to the creation of cities, not
only in the forms of art but also in innovation (see Mary Miss, Paul Downton,
Debra Roberts, Andrew Grant, Emma Arnold, and Todd Lester).

The overarching message of the provocations is the growing vibrancy of civil
society and communities of practice around the world, which put people and
nature at the center of movements to make cities that are better for both people
and nature.

Final Words

The editors would like to thank Future Earth for generously sponsoring this
project, support which has made it possible to organize several editorial meet-
ings. The book project is part of a larger effort by Future Earth to build mech-
anisms for cogeneration of knowledge for urban sustainability. We want to
thank Mistra Urban Futures for generously sponsoring the open-access pub-
lication of the book and, in particular, Helen Arfvidsson for support and hard
work with planning meetings and keeping track of the project. We thank
Stockholm Resilience Centre for continuous support and the Urbanization and
Global Environmental Change (UGEC) community for providing an inspiring
intellectual environment for discussing these things. The Integrated Research
Systems for Sustainability Science (IR3S) at the University of Tokyo (Prof. K.
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Takeuchi and Prof. K. Fukushi) kindly hosted one of the editors (Thomas
Elmqvist) in early 2017, which greatly facilitated the editorial process. We also
want to thank Jerker Lokrantz, Azote, for producing the illustrations.

The Future Earth Urban Knowledge and Action Network was launched at
the Habitat III conference in Quito, Ecuador, in October 2016. This network
represents an integrative and transdisciplinary approach to engage research-
ers, policy-makers, and other stakeholders on urban issues at various levels,
thus facilitating the knowledge coproduction needed to address urban chal-
lenges. We hope that this book may be the source of initiating lively debates,
innovative partnerships, and a wealth of codesign, coproduction, and co-
implementation initiatives within the new Future Earth Urban Knowledge and
Action Network and other urban knowledge generation networks.

Thomas Elmqvist
Xuemei Bai

Niki Frantzeskaki
Corrie Griffith

David Maddox
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Patricia Romero-Lankao
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Mark Watkins
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Introduction: Situating Knowledge and
Action for an Urban Planet

Susan Parnell, Thomas EImqvist, Timon McPhearson,
Harini Nagendra, and Sverker Sorlin

The shared acceptance that we now live in a majority urban world and that cit-
ies will surely determine our future does not mean we agree on why or how the
urban age is important. The Urban Planet thus draws from diverse intellectual
traditions to grapple with the conceptual and operational challenges of sus-
tainable urban development. The purpose of this book is to foster a community
of global urban leaders through engaging the emerging science of cities and
some of its critiques. The aspiration is that by generating ideas about global
urbanism that situate the city at the core of the planet’s future, we will pro-
vide pathways for evidence-based interventions to ensure ambitious changes.
This is a significant undertaking (with over 100 contributors from urbanists
drawn from both outside and inside the academy). The project on which this
book is based is important because, over the next 30 years, based on popula-
tion growth, the urbanization process will both accelerate and consolidate to
make cities and towns, particularly settlements of the global south, an ever
more dominant form of twenty-first-century human settlement. Moreover,
this generation of scholars now finds itself responsible for producing the new
information and analysis necessary to feed the innovation that will be required
to make cities the most safe, resilient, equitable, and sustainable way of living.

Much of what happens across the global urban system will be down to cit-
izens, political decision-makers, and the appropriateness of the institutions
(including but not limited to states) on which we depend to manage ourselves
and our environment. To meet the challenges that lie ahead, we argue that
revisionist modes of urban knowledge and practice are imperative: Producing
this requires an excitement and curiosity about cities to fuel a massive scaling
up of our collective wisdom about the urban world we inhabit.

In setting the course for this volume, this chapter thus departs from
the conventional format of an introduction that provides a summary or
roadmap of the book. Note that such an overview of chapters is provided in
the Preface, and the concluding chapter (“Synthesis”) provides a review of
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the main points and details recurring, highlighting significant points that
emerge from the book as a whole. Here we highlight four overarching points
of departure in an effort to bring disparate readers into a common frame of
reference from which they can engage with The Urban Planet. First, we reflect
on what exactly is meant by “the urban,” as this is the common but not uni-
versally understood object with which the chapters all grapple. Second, we
locate the recent call among urban scholars (Acuto and Parnell 2016; Bai et al.
2017; McPhearson et al. 2016a; Batty 2013) for greater attention to be given to
building a science of cities in historical context by exploring the importance
of urbanism in the evolution of science and critical urban theory, here using
the example of urban natures. Third, we underscore twin imperatives for the
future science of cities: the increasing impacts of cities in global change and
the southern concentration of urbanization - noting how attention to speed and
geography must prioritize the focus of global urban inquiry (McPhearson et
al. 2016b). Fourth and finally, we foreground the tensions of working across
disciplinary boundaries and methods, and concede the tensions inherent in
coproducing urban knowledge. However, these preparatory points, about defin-
ing the urban, the imperative of being mindful of history and geography and
the possibly insurmountable dilemmas of coproduction, and inter-/trans-
disciplinarity should stimulate and not detract in any way from the urgency
of galvanizing research capacity to advance the understanding of the urban
planet.

0.1 What Is Urban?

Given the consensus that this is an urban age and that cities present both crit-
ical opportunities and threats for a common future, it is perhaps surprising
that there is so little agreement on what constitutes or defines “the urban.”
This is an immensely challenging question with no simple answer, and the
approaches taken in social and natural sciences to global urbanism have only
limited concerns (Parnell and Robinson 2017). There is a surprising lack of com-
mon understanding even among scientific disciplines on what characterizes
or defines an urban area or urbanization, making comparative and composite
assessments of urban change difficult. To underscore the obvious - while it is
accepted that there is a common urban future which will in large part deter-
mine the state of the urban planet - there is neither a shared definition of “the
urban” nor an agreement on city experiences or forms from which to engage or
predict the outcomes of our urban futures (Robinson 2016; Simon 2016; Mitlin
and Sattherthwaite 2013). This diversity of perspective and definition is under-
standably also reflected in the chapters of The Urban Planet.
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As discussed in many of the following chapters, there are multiple dimen-
sions to urbanity. Different perspectives or big ideas that are brought to bear
on our core research issue include not just meta-theoretical differences but
overlapping, competing, and even disparate research entry points. In positive
terms, these varied conceptual and methodological points of departure high-
light different ideologies and interests. They also encompass research on mul-
tiple elements of the urban - reflecting the diverse specialties of scholars from
natural systems science, the design profession and economics (McPhearson et
al. 2016a; Bai et al. 2017). But, not least because of this diversity of entry points,
incommensurability remains a problem for urban science and comparative
urbanism, and a central objective of the book is to address the need to accom-
modate the range of scholarly perspectives and to suggest how we may pro-
ceed to somehow make these speak to each other, thereby crafting a new and
deeper holistic understanding of global urban processes. The common themes
provide a starting point for presenting global urbanization as a story of great
diversity, but perhaps we should count on diversity in solutions and modes of
progress too. Variation in specific city experience should, however, not detract
from the impact of the amalgamation of urban development on global change;
and there is no doubt that, while the evolving science of cities will always need
to grapple with the wicked problem of specificity, it must simultaneously gen-
erate if not a universal narrative but at least a comprehensive understanding of
the complexities of urban change.

The current impetus to give greater weight to cities in general derives in large
part from the massive expansion of the urban population over the last cen-
tury and in part from the argument that an urban or industrial way of life has
profoundly ruptured the geological and climate change in the earth system. It
is, however, naive to regard the process of global urbanization as a unified or
unidirectional phenomenon. Rather, in making the case that the urban is an
important determinant of environmental, political, or social change, it helps
to look back as well as forward. It is also helpful to interrogate more than demo-
graphic and biophysical evidence and to consider the impacts of the rise of the
city and urbanism over the last 200 years as a plural, albeit of course very mas-
sive, historical phenomenon.

The Anthropocene narrative in this is both useful and obfuscating. It has
unifying, sometimes also (suggestive) simplifying, storylines that tend to draw
attention away from the diversity of human conditions (Biermann et al. 2016).
Still, it suggests many key issues, and it lays out the land nicely with tons of
“technofossil” data. Just consider the fact (Zalasiewicz et al. 2017) that, out of
the 30 trillion tons of human materiality produced, cities account for (weigh,
literally) 11 trillion tons, or 36 percent. Imagining the sheer scale of the urban
is hard. In the late part of this century, one city, Dhaka, is projected to have
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80 million people. That is one Germany. Our conventional language breaks
down in the face of such massive numbers, perhaps our politics, too. The chal-
lenges are obvious, but there is also a potential in the growth of cities. Cities
are increasingly becoming regional and even global actors in their own right,
either alone or in shaping alliances with other cities. Knowing the number
of people in Dhaka is of course a limited frame of understanding. We need to
compare, for instance, the consumption footprint of Dhaka versus Germany
to understand this better. The Anthropocene is a compelling heuristic, but we
need more and sharper analytical instruments in approaching the urban. In
this, we would do well to consider the urban analytics of the past, as well as to
develop new analytics of the future that engage more deeply with normative
concerns and science.

0.2 The Global Frame of Urbanism and a Science of
Cities

In the current notion of “planetary urbanism,” Brenner and Schmid (2014)
argue that urbanism is now the celebrated form of development (Florida
2002) that is recognized as a triumphal force for economic growth (Glaeser
2011). However, there is a long history of planetary urbanism, where cities
have been centers of innovation and economic growth and have been driv-
ing formation of global trade networks and spread of ideas, technology, and
capital for more than 4,000 years (Clark 2016). As the importance of cities is
once again on the rise, there is a sense we may return to the power dynam-
ics of the Middle Ages. Now, as then, how cities are run in this century may
determine much of the world’s future. Now, as then, the shifting role of cities
in global change cannot be uncoupled from the way nature and ecologies are
present in those urban developments and the connections between urban
places (Clark 2016).

While there are many threads through which the history of cities and civi-
lization are intertwined - political, economic, and social - the urban experi-
ence is also an experience of nature and environment. Cities belong in nature,
having grown to be the largest environmental actor, indeed the sole creature
of humanity that is most comprehensively entangled with the natural world -
paradoxically since the city was also meant to be the exception from nature,
a civitas where the rules of nature did not apply or at least were tempered.
The city was, it was once thought, what nature was not (Elmqvist et al. 2013).
Nature for a long time had mostly an emblematic role in the description of the
urban. In the historiography of cities, gardens and other forms of nature play
their distinct role. Nature also appears in the history of urban infrastructures,
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such as waterways and sewage systems, and it is visible in utopian design ideals
such as garden cities and suburbia, and dystopian narratives of diseases and
disaster associated with urban infrastructure failure.

Research across awide set of disciplinesin recent yearsisnow questioning the
old dichotomy of a well or poorly managed split or interface between the city
and nature (e.g. Melosi 1993 2010; Rosen and Tarr 1994; Sedrez 2005; Sharan
2014; Braun 2005; Heynen, Kaika, and Swyngedouw 2006; Gandy 2013). The
growth of cities and their contribution to climate change (Rosenzweig et al.
2010) or health (Hodson 2016) is a good reason to stop keeping urban nature
and culture apart. While the well-documented role of cities in driving climate
change is widely acknowledged, less is known of other relationships between
cities and other earth systems. Botanists and ecologists in European cities
from the 1930s carried out early work on urban ecological interactions, but
the roots of the study of urban botany go back to early modern times (Sukopp
2002). The most comprehensive work was carried out by a group led by Herbert
Sukopp in West Berlin in the 1950s. They studied the return of vegetation to
the war-torn urban landscape and found a fascinating array of new vegetation
combinations (Lachmund 2011). Since the 1970s there has been a steadily
growing interest in urban ecology that matured in the 1990s and now has its
own established field with textbooks and journals (Elmqvist et al. 2013). Some
of the major hubs in this line of work are in Europe (Helsinki, Stockholm) but
there are concentrations in Australia (Melbourne), South Africa (Cape Town),
China (Beijing), and India (Bangalore). In the United States, the movement
was largely led by Baltimore and Phoenix, where long-term ecological research
sites were established with funding from the National Science Foundation that
saw a global scaling of traditionally anti-urban scientists in tracking cities.

Scholars’ deep roots in the natural sciences marked the rise of urban sites in
observational ecology. There was little interest in societal conflicts and how
power relations shape urban ecologies, an interest that has been growing only
recently (Ernstson and Sorlin 2018). It seems obvious that future research on
the urban must better learn how to combine systems approaches with analy-
sis of social and political dimensions, or at least work across those boundaries.
There is already a rich, and indeed older, literature on social conflicts, class,
race, and gender that could be of use for more synthetic approaches, but that
literature on the other hand took marginal interest in nature until the appear-
ance of works such as William Cronon’s Nature’s Metropolis: Chicago and the
Great West (1991) or Erik Swyngedouw’s (1996, 2004) on water, power, and
the city.

Borrowing from human ecology and metabolic understandings of urban
processes, much recent work has analyzed water, waste, sewage, electric-
ity, and other substances/energies as “sociomaterial flows” with their own
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biophysical properties and “social relations,” playing a role in the circulation
of capital, upholding social structures, and producing often unequal urban
environments (Warren-Rhodes and Koening 2001; Heynen et al. 2006; Bai et
al. 2017. As has been argued in the most recent work on comparative global,
and especially southern urbanism (Ernstson et al. 2014; Erixon Aalto and
Ernstson 2017; Ernstson and Sorlin 2018), the concept of urban nature has
become a much more complex phenomenon. Urban natures are now linking
research to achieve ecological sustainability with critical studies and strate-
gies for justice and equality in cities, as inseparable processes. In this regard,
the situation for a building a complex knowledge of the urban experience,
politics, and its future sustainability has greatly improved: for example, a new
project called “cosmopolitics,” about learning with nonhumans, focuses on
how to live in cohabitation (Hinchliffe 2008; Hinchliffe and Whatmore 2006;
Biehler 2011).

As Ernstson and Sorlin (2018) suggest in their review of the literature, it was
in earnest only after 2000, after a slow and winding build-up period in the late
twentieth century, that an “accidental discovery” of urban nature took place.
To this discovery, all these and many other strands of academic work and prac-
tice contributed with their various pieces of the whole. However, they were
almost invariably working in exclusive separation from each other and with
quite little interest in bridging across scientific specialties. What remains is
therefore, to a large extent, to bring the various research communities on the
urban in closer and long-term relations with each other to spare no effort in
carving roads forward for the major global challenge, and opportunity, that is
urban growth.

One lasting finding found the new critical urban natures approaches and
in the parallel body of critical urban studies is that diversity is an overarch-
ing theme that cannot be ignored in the global generalization or universaliz-
ing (Parnell and Robinson, 2017). While there is endless diversity, the urban
planet is also unified by a set of mega-challenges, some of which are truly
global, such as climate. Others are omnipresent without being global, such as
justice, wealth, welfare, and sustainability. These mega-challenges may have
local expressions, but they require national, regional, and international col-
laboration to be adequately addressed. No city is an island; they are all parts of
the main. Our knowledge of the whole is patchy, and, crucially, we know least
about those parts of the urban planet where change is occurring most rapidly
and where the urban crisis is most acute, reinforcing the need for knowledge
holders to reorient their view on global urbanism and to self-consciously try to
“see cities from the south” (Watson 2009).
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0.3 Cities of the Global South Are a Priority

The global urban condition is not a composite of equivalent types or parts - all
cities are not the same - in size, in function in wealth or in exposure to risk.
In the remaining decades of the twenty-first century, projections indicate
that most of the growth (>90 percent) will come from the global south. The
two continents that will experience the greatest share of twenty-first-century
urbanization are Asia and Africa - with India, China, and Nigeria accounting
for over a third of all urban growth (UN 2014). Thus, the everyday reality of
the twenty-first-century urban is, out of necessity, the focus on the cities of the
global south. What does this mean for urban research, planning, and envision-
ing? We need a “southern sensibility” towards urbanization that takes in the
reality that cities will increasingly become locations of contrasts. These “south-
ern leanings” will include a focus on contrasts between informal and planned
urban expansion; between local place-making and global teleconnections;
between shanties and high-rise buildings; between urban sprawl and congested
inner cities; between waste dumps and pristine restored parks; and of course,
to the spaces of urban power that lie between states, business, criminals, and
traditional powers. Urban reality now and in the immediate future will include
deep social, ecological, economic, and technological rifts between cities as loci
of upward mobility and as a wicked nexus of poverty, pollution, and powerless-
ness. The gradual realignment of the divisions between rich and poor within
and between cities will spill beyond the life struggles for upward mobility and
survival, drawing from the vitality of the urban planet. Urbanism in the global
south will share certain generic features with their nineteenth-and twentieth-
century northern counterparts, but they will not copy or emulate them. What
an 80 million inhabitant version of Dhaka will become, nobody really knows.
What is the word for it? Is it a community, a region, a global subject? Or a con-
cept yet to come? It is equally important to recognize that there is not a uni-
versal notion of cities of global south, as they exhibit as much disparity among
themselves as when compared to those in the global north.

The challenge for mediating extremes absences and excesses in southern cit-
ies along the lines already claimed by northern urbanites is exacerbated by our
absolute lack of knowledge and thus inability to put together dynamic analyses
of urban change across most of the urbanizing world. In comparison to the
vast amount of literature on cities in Europe, the Americas, and even China, we
know relatively little about the southern cities, or their interactions with natu-
ral systems, in Congo, Pakistan, or Indonesia. This is further complicated by the
extreme heterogeneity that characterizes the trajectories that different cities,
large to small, have taken across different locations, as well as across different
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points in time. What is clear is that the growth of cities that lack planning
capacity and local ecological expertise face problems. For instance, the semi-
arid Indian city of Bangalore, built to deal with droughts via an engineered
system of rainwater harvesting via topographically interconnected tanks, now
faces a perverse challenge of flooding in the monsoon season due to construc-
tion over water channels coupled with the ever-present challenge of droughtin
summer (Nagendra 2016). Kampala in Uganda faces iatropic challenges (events
that necessitate medical care that are common to many southern cities) with
technical interventions such as the establishment of sewage treatment plants
(to deal with the city’s burgeoning sewage problem), leading to perverse out-
comes of biodiversity loss in rich wetlands, further reducing the city’s capacity
to naturally treat its sewage, and making it increasingly dependent on techni-
cal solutions (Lwasa 2010).

These experiences that reflect the interplay of urban systems are not unique
to Bangalore and Kampala. They represent a wider problem: that formal
approaches to city planning tend to prioritize technology and infrastructure
provisioning and solutions, with the idea that social and ecological problems
can be tackled later, by fitting piecemeal “solutions” onto an already engi-
neered system. Yet experience tells us that this is impossible. Cities are also
social-ecological systems, and the social, ecological, and indeed, cultural ele-
ments need to be designed with an explicit focus on multilevel, adaptive sys-
tem design, integrated with technological aspects, from the start. For instance,
recent research on food waste, a growing challenge in most southern cities,
indicates that urban planning, transportation, and street design play a major
role in shaping diets, food packaging, and energy usage in cities (Seto and
Ramankutty 2016). The fact that the growth in most southern cities is yet to
take place thus creates a formidable opportunity, one that helps us to take cog-
nizance of the mistakes made in urban planning of the past, and move towards
a new approach that is data based but which also takes into account the local
cultural and ecological requirements of diverse locations and governance
regimes to connect formal and informal planning, ideally achieving equitable
city improvements by leapfrogging technology innovation and with planned,
macroeconomic investment-heavy urban growth.

The global concentration of people suggests that challenges of the urban
planet will be won or lost in cities of the global south, but only if action is swift
(Figure 0.1). A comparison of the waves of globalization in the last two centu-
ries with the earlier waves (Clark 2016) shows clearly that the duration of each
wave is becoming shorter, in what we might think of as a great urban acceler-
ation (McPhearson et al. 2016¢). Where waves of change once lasted a century
or more, they now appear to run their course in as little as 15 to 20 years, and in
the future this duration may be even shorter. If the global economy becomes
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Figure 0.1 Cities and urban areas will house nearly all of the world’s net population growth over the next two decades with 1.4 million people added to urban areas each week
(UN 2014), equal to roughly the population of Stockholm. Cities are engines of national and global growth, accounting for 80 percent of global economic output. In China,
four city clusters account for nearly half of China’s GDP (Shao et al. 2006). Cities are also key drivers of global energy demand and greenhouse gas emissions, accounting for
around 70 percent of both (IEA 2008). Meanwhile, urban land area could triple globally from 2000 to 2030 (Seto et al. 2012). This is equivalent to adding an area larger than
Manhattan every day. Accelerating urban development boosts private consumption (Dobbs et al. 2008) and requires significant infrastructure, including carbon-intensive
manufacturing and construction consuming massive quantities of concrete and steel consumption, particularly in the early phases of urbanization (Wang 2007).
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ever more integrated, globalizing city waves will increasingly come to resemble
global economic cycles, and the windows of opportunity for cities to partici-
pate will close quickly.

Although there are vast differences between the networks of cities along the
ancient silk roads and the twenty-first-century system of global value chains
and competitive advantage, there are also striking parallels (Clark 2016).
Today’s cities can learn much from how those in previous waves built and sus-
tained their competitive attributes, and how to avoid becoming locked into
unsustainable or unproductive cycles of development. History shows this is a
risk if cities lose competitiveness in traded sectors, fail to embrace innovation
or to project influence, are closed to immigration and entrepreneurship, or are
unable to adapt to a changing geopolitical or geo-economic center of gravity.
The ingredients of today’s most successful cities are sometimes hard for other
cities to emulate directly, and so alternative strategies and pathways to global
engagement have arisen. Over time, these alternative pathways result in very
different kinds of global, or local and regional, cities.

0.4 Knowledge for an Urban Planet

The Urban Planet is full of provocations from artists, practitioners, and activ-
ists who remind us repeatedly that a bookish science of cities is not enough
to change the hearts, minds, and actions of the millions of urban residents;
they point out that generalization without authentication will never generate
useful or legitimate knowledge. It is not easy to reconcile this unambiguous
message with the equally stark assertion that scientists must be at the forefront
of generating the evidence that underpins global urban reform; or that for sci-
ence and scholarship to have the impact required at the necessary scale and
pace, a massive expansion in research capacity and coverage is required. These
are the competing, even contrasting imperatives of the knowledge spectrum
that must inform the urban planet going forward. Clearly unlocking a more
sustainable urban future will require more than a singular effort.

Locating cities in a global frame is by its nature a multiscalar exercise
and necessitates an interdisciplinary and systems perspective - alongside
approaches from nonsystemic and nomothetic fields such as the social sciences
and the humanities. A global view on urbanism demands learning from past
waves of globalization, understanding the reach and impact of technology
(telecoms, renewables, etc.) on the individual and household as well as in the
formation of worldwide city networks. The demand for new knowledge for this
global urbanism does not negate old disciplinary contributions, but it demands
the investigation of new places, greater urgency, and an understanding of
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complexity. A global view of the urban transition hopes to bring all cities into
the picture through establishing major causal dynamics, fostering comparabil-
ity, and acknowledging difference - these are demands that are the imperatives
for new urban knowledge innovation.

The centrality of cities to the sustainability of people, the planet, and pros-
perity points to the need for continuous investments in an expanded and
flexible urban science that is forged out of innovative interdisciplinary under-
standings of the complex systems that both drive and derive from the preva-
lence of urban ways of being (Parnell et al. 2017). This volume draws together
nascent interdisciplinary and cross-stakeholder urban dialogues, with some
contributors actively self-defining as part of a new urban science community
and others presenting themselves as concerned thinkers or contributors to a
more open-ended debate on the significance of the urban planet. While there
are clearly incommensurate ideas evident across the chapters that follow, not
least in the schism between scholar- and practitioner-produced texts, but all
contributors to The Urban Planet share a commitment of generating new knowl-
edge as an integral part of building a better urban future. Together we argue
for greater understanding of specialist concerns, like water or air quality, and
system-based analyses of the cities where we each live. Local understanding of
general processes lies at the core of doing things better in cities, but case-based
research is not enough. Large-scale interactions between urban life and the cul-
tural, social, political, economic, and the ecological processes that we highlight
in this book are all increasingly dominated by cities and require perspectives
based on local knowledge alongside summative and trend assessments.

The contributions in this volume all, even when dealing with micro details,
intersperse local reality and global exploration of the complex system relation-
ships between nature and the city. Simultaneously tracking global trajecto-
ries and highlighting place- and issue-specific problems reveals the shortage
of sophisticated analysis of the interactions across sectors and cities, and the
absence of clear messaging from science to practice. Tracking the surges of
urbanization globally, we pose two overarching questions. First, what new
thinking and evidence is required to radically shift the urban trajectory onto
a more sustainable path. Second how, using evidence drawn in different
ways and from cities across the world, can we reimagine and motivate for the
changes that are required to implement the alternative global urban agenda.
There has already been some success in the new urban endeavor - the call for a
city-centric change to how we understand and regulate the world, which was
endorsed by the 2030 Agenda in 2015 (UN 2015), was underpinned by the work
of scientists. The approval of an urban Sustainable Development Goal and a
number of other multilateral agreements to put cities at the core of global
development has since confirmed the collective acceptance of the importance
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of the city to global environmental change. The immediate aftermath of the
radical pro-city realignment of global policy scientists welcomed the role that
evidence had played in securing global policy realignment (Barnett and Parnell
2016), but note, too, the imperative of ensuring ongoing evidence-led multilat-
eral action in amending policy direction and monitoring implementation of
urban sustainable development objectives. In addition, both individual schol-
ars and organized science have endorsed very different modes of knowledge
production: The new urban science has aspirations to inter- and transdiscipli-
narity and to coproduction.

As we highlight in the concluding chapter, substantive methodological and
philosophical challenges remain in placing the study of cities in the crosshairs
of sometimes-conflicting disciplinary rationalities. Similarly, the demands of
integrating the ideas of non academic voices into the scientific text should not
be underestimated. Notwithstanding these challenges, the imperative for a
new science of cities and cogenerating knowledge across scholars, artists, res-
idents, and practitioners remains an aspiration we endorse and have sought
to pursue in The Urban Planet, even while we are aware of the different regis-
ters and even dissonant voices that this approach creates. Taken together, the
book’s contents, from right across the multidisciplinary and artist-practition-
er-activist-scholar spectrum, all affirm the multilateral demand that cities be
given greater prominence in global development in ways that reflect the geo-
graphical complexity and range of city realities. The Urban Planet highlights
the multiple, even competing, concerns of what we may frame as existing
or contemporary urban theory, but we are unambiguous of the need to put
cities in the foreground of knowledge production and informed, responsible
policy-making.

In reformulating and extending urban knowledge to meet the policy ambi-
tions of cities, nations, and the multilateral system, a more extensive and
robust urban science has to better address urban complexity and difference.
The new knowledge outputs will also need to be legible so that evidence and
analysis can more effectively guide (and evaluate) urban decision-makers in
the critical decades ahead. There is a clear political and practical imperative in
coming to terms with the universal challenges and opportunities embodied in
the dynamics of the urban transition. Nuanced locally specific study is clearly
imperative to inform action, and no two cities are the same. But, a common
global urban register or vision that is understood by a range of stakeholders is
what will change mindsets and galvanize collective action at the scale required
to ensure a more sustainable urban planet. The intellectual challenge is thus a
task of informing, critiquing, and revising the methods and modes of urban
thinking - to collectively improve urban life for all. Doing this requires not
only working with varied stakeholders but also coming to grips with missing
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data and complex urban dynamics. No single discipline or scholar or labora-
tory can achieve this alone - not least as there is a critical need to incorporate
many more urban points into the overall theorizing of the city. Collaboration
is essential.

Finally, divergent views are inevitable in building cross-disciplinary mul-
ti-stakeholder pathways for an ever-more urbanized age ahead. While con-
sensus is unlikely (and may not be desirable) it should be possible to identify,
based on robust research, the major issues facing the urban planet. To this end,
there are four overarching intellectual tensions that inform this volume.

* Firstistheidea that while the Anthropocene already entails a fundamentally
urban way of life and urban identity (Ljungqvist et al. 2010; Barthel et al.
2010), biophysical impact is not the only respect in which cities will shape
the future - far from it.

» Second is that while specialist knowledge needs to be valued and extended,
there is an imperative for new forms of urban knowledge, where cities are
located in a global framing and approached from an interdisciplinary and
systems perspective.

e Third is that although twenty-first-century urbanism requires a particular
focus on the global south, all cities and regions can and must innovate to
transform from their currently unsustainable trajectories.

e Fourth is that at the same time that researchers have to maintain critical
independent views, the present is a critical time for urban scholars and
policy-makers to work together to achieve the major transitions and trans-
formations that are needed.
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Chapter 1: Global Urbanization

Perspectives and Trends

Dagmar Haase, Burak Guneralp, Bharat Dahiya, Xuemei
Bai, and Thomas EImqvist

1.1 Perspectives on Urbanization

Urbanization is one of the mostimportant global change processes. As the share
of people in, and the footprint of, urban areas continue to grow globally and
locally, understanding urbanization processes and resulting land use - both
their patterns and intensity - is increasingly important with respect to natural
resource use, sociodemographics, health, and global environmental change
(Seto and Reenberg 2014). For decades, urban studies have been grappling
with the question of how to define “urban”; the definition of urban includes
comparatively straightforward official definitions, such as those that use the
administrative unit with a set minimum number of inhabitants (McIntyre et
al. 2000), but, in some cases, it also includes such factors as population density,
built-up area (urban morphology), commuting density, travel distance (Nilsson
etal. 2014), and proportion of workforce engaged in nonagricultural economic
activities (Census of India 2011). In spite of this variety, official definitions do
not accurately represent the urban in all its diversity. Even scholarly studies
tend to adopt one or a subset of many perspectives in understanding the urban
as a phenomenon, from the most well-understood demographic perspective
(Kazepov 2005) to relatively more recently formulated or reformulated per-
spectives based on space (Angel 2010; Seto et al. 2011); urbanity (Boone et al.
2014); material and energy flows (Kennedy et al. 2007; Bai 2016); teleconnec-
tions (Seto et al. 2012); network and power hierarchies (Sassen 2001); ecology
(Grimm et al. 2008); social ecology (Elmgqvist et al. 2013); and urban policy and
governance (Bai et al. 2010). Building an integrated systems approach in urban
science and practice has also been called for (Bai et al. 2016; McPhearson et al.
2016).

Here, we will elaborate on a subset of these perspectives and discuss their
roles in improving our understanding of the urban and urbanization processes.
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Note that some of the perspectives are covered in other chapters; for example,
urban material energy flows are addressed in Chapter 4, urban ecology and cit-
ies as complex systems in Chapter 1.2, and urban policy and governance in
several chapters and provocations in Parts Il and III.

1.1.1 The Demographic Perspective

The first cities appeared many millennia ago (Kazepov 2005; Childe 1950). Since
then, urbanization dynamics evolved substantially in time and space, but the
most fundamental ingredient remained the same: people. In 1800, only 3 per-
cent of the world’s population lived in cities, but this figure rose to 47 percent
by the end of the twentieth century. In 1950, there were 83 cities with popula-
tions that exceeded 1 million; by 2010, this number had risen to more than 460.

There is a linkage between demographic transition and urbanization in the
form of a systematic trend whereby less developed economies tend to be more
rural and to have higher birth rates (Lesthaeghe 2010). As the economy of a
country develops, more of its population resides in urban areas with an accom-
panying fall in intrinsic birth rates (Lesthaeghe 2010); this can also be observed
for the demographic (fertility) behavior of migrants (Milewski 2010) (see also
Chapter 6). Thus, for example, rapidly growing African cities can be viewed as
being in the early stages of this transition, while cities in Europe or the United
States can be seen as reaching the later stages.

If we use the administrative definition of the urban, the most urbanized
regions worldwide are North America (82 percent), Latin America and the
Caribbean (80 percent), Europe (74 percent), and Oceania (71 percent) (UN
2014). In contrast, Africa and Asia remain mostly rural, with 41 percent and
49 percent of their respective populations living in urban areas. In particular,
Nigeria, Ethiopia, Tanzania, and Kenya in Africa, and China, India, Indonesia,
and Myanmarin Asia featurelarge rural populations. Regions thatare lessurban-
ized, such as Africa and Asia, are currently urbanizing faster than those with an
already high share of urban population (Dahiya 2012b). Notwithstanding the
current level of urbanization or the growth rate of their cities, all regions are
expected to continue urbanizing over the coming decades.

Today, as in the past, the majority of the world’s cities have been growing
with a population growth rate of 21 percent up to >5 percent per year (Oswalt
and Rieniets 2006; UN-Habitat 2016). However, there have always been cities
and conurbations exhibiting negative net growth rates (Haase and Schwarz
2016; Figure 1.1). There are approximately 350-400 shrinking cities worldwide,
most of them in the post-industrialized Western world, namely Europe and the
United States, but also in Japan (Haase 2014). Urban shrinkage is by no means
a new phenomenon: Several cities whose history goes back millennia - such
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as Rome, the first megacity on the planet (Haase 2014), and Istanbul, capital of
four empires over a span of two millennia (Necipoglu 2010) - have undergone
several cycles of growth and shrinkage.

Over the next few decades, urbanization will continue, particularly in Asia
and Africa. According to the most recent estimates from the United Nations,
two out of three inhabitants in 2050 will live in urban areas (UN 2014). Most of
this urban growth will take place in Asia and the West African urban belt, with
population growth rates of 3-5 percent per year (UN 2014a). However, global
data also show that the growth rate of the urban population in the developing
world is expected to fall from 3-5 percent per year to under 2 percent per year
in 2030 (UN-Habitat 2010a, 2014). The UN predicts that, by 2050, 65 percent of
populations in developing countries and nearly 90 percent of populations in
developed countries will live in urban areas (UN 2014).

In many parts of the world, the physical expansion of urban areas has been
faster than urban population growth (Angel et al. 2011a, 2011b), suggesting
declining densities. Studies have also reported an accelerated decline in aver-
age household size over the past decades (Haase et al. 2013; Liu et al. 2003).
Consequently, on the one hand, most cities in developed countries have been
facing an increase in per capita living space, definitely one of the many fac-
tors significantly influencing the spatial (built space) growth of cities. On the
other hand, such decline in household size in developing countries has exac-
erbated the lack of urban housing stock, which results in large slum popula-
tions, the global total of which were estimated at 862.6 million people in 2013
(UN-Habitat 2010a and 2010b). However, in some East Asian cities (particularly
in China) and in Europe, significant increases in urban-built densities have
also been observed over the last decade (Frolking et al. 2013).

1.1.2 Aging of the Urban Planet

Global population aging, including urban aging, is a process known as the
“demographic transition,” in which first mortality, then fertility decline.
Decreasing fertility coupled with increasing life expectancy has been reshap-
ing the age structure of the populations in most regions of the planet by shift-
ing relative weight from younger to older age groups (Lesthaeghe 2010). In less
developed regions, the aging index is 23; that is, we currently count 23 people
older than 60 years of age for every 100 children younger than 15 years old.
By 2050, the aging index is projected to almost quadruple, reaching 89 (UN
2017). Over the same period, in the developed world, the aging index is pro-
jected to increase from 106 to 215. The only exception to this trend is Africa,
where, compared to all the other regions of the world, the aging index is fore-
casted to remain under 50 through 2050 (Figure 1.2). In cities, where women
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are comparatively more educated, financially more independent, give birth
later and where single-parent families are much more common, these trends
are stronger.

There is another difference between urban aging in the developed, affluent
urban areas and in the less developed, less affluent urban areas: Although the
highest proportions of elderly persons are found in more developed cities,
this age group is growing considerably more rapidly in the poorer and less
affluent parts of the urban world, such as China and Thailand. As a conse-
quence, older populations will increasingly be concentrated in less developed
regions. Regardless of these trends, in both affluent and less affluent cities,
older women generally greatly outnumber older men (UN 2017), as women
tend to outlive men.

1.1.3 The Spatial Perspective

Global urbanization is a physical phenomenon as much as it is a demographic
one. Although there has recently been an increase in attention given to global
spatial patterns of urbanization, we have few theoretical explanations for the
spatial configuration of large urban areas across regions and countries (Lynch
1961). Whatever theoretical knowledge on urban form exists has originated in
urban planning and architecture, with an emphasis on intra-urban patterns
and shapes (Jabareen 2006).

This trend, however, may be slowly changing. Over the past few years, sev-
eral studies have shed light on the global patterns of actual built-up urban
land and how it changed over the last four decades. A subset of these studies
presents a “window into the future” (Fragkias et al. 2013: p. 418). Estimates of
global urban land range from 0.2 percent to 2.4 percent of the terrestrial land
surface (Potere and Schneider 2007; World Bank 2015). What is clear is that
urban land is not equally distributed across the world due to geographic, cli-
matic, and resource-related opportunities and constraints. Urban expansion
over the last 30 years has been greatest along coastlines and low-lying coastal
zones (Seto et al. 2011). Current urban hotspots are situated on the coastlines
of South Asia, Southeast Asia, Southeast China, the United States’ East Coast,
Western Europe, Japan, West Africa, and the Atlantic coast of Latin America.
With regard to coastal flood risks, nearly all of the 10 largest megacities are in
developing countries. With regard to the value of property and infrastructure
assets’ exposure to coastal flood risks, a global ranking of megacities includes
eight from Asia: Miami, Guangzhou, New York, Kolkata, Shanghai, Mumbai,
Tianjin, Tokyo, Hong Kong, and Bangkok (Nicholls et al. 2008). Indeed, a
recent study found that, at the turn of the twenty-first century, 11 percent of all
urban land (over 70,000 km?) was located within low-elevation coastal zones
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(Guneralp et al. 2015), defined as “the contiguous area along the coast that is
less than 10 m above sea level” (McGranahan et al. 2007: p. 17). In addition,
emerging coastal metropolitan regions in Africa and Asia are expected to have
larger areas exposed to flooding than those in developed countries.

There is wide variability in terms of the spatial configuration of urban areas
across different geographies around the world. An analysis of the similarities
and differences in urban form and growth across 25 midsized cities from dif-
ferent geographical settings and levels of economic development revealed
that although all 25 cities are expanding, those outside the United States do
not exhibit the dispersed spatial forms characteristic of North American cit-
ies (Schneider and Woodcock 2008). There is a diversity of urban landscapes
around the world with significant differences in spatial configuration among
individual cities. However, there also seems to be a scale effect: While there
is a tendency for increased landscape heterogeneity at individual-city scale,
urban landscapes are increasingly becoming homogeneous at the global scale
(Jenerette and Potere 2010). Though a variety of socioeconomic and biophys-
ical factors influence the spatial growth of cities and their relative influence
varies from region to region (Seto et al. 2012), it is claimed that globaliza-
tion leads to a proliferation of similar urban forms across different geogra-
phies (Leichenko and Solecki 2005). At least one study found that income,
in interaction with city size, appears to have a pronounced effect on urban
growth, particularly in relatively smaller cities (Jenerette and Potere 2010).
Importantly, the emerging urban agglomerations in the developing world
appear to be more compact than their counterparts in Europe and North
America (Huang et al. 2007).

Urbanization is arguably the most significant form of land-use and land-
cover change because it has considerable effects on the pattern, dynamics, and
functionality of ecosystems (Elmqvist et al. 2013). The process of urbanization
can be clearly observed along the rural-urban gradient - that is, the ideal typ-
ical transect that links the urban (built, populated) and the rural (open, vege-
tated), which displays a typical configuration of population density, coverage
of built-up area, respective impervious cover, and demographic structure,
including lifestyles and travel behavior (Haase and Nuissl 2010). Along the
rural-urban gradient, an increasing amount of land consumption - namely
the transformation of green spaces to built-up areas, described as landscape
urbanization, in contrast to demographic urbanization (Bai et al. 2011) - has
been reported by many authors on the basis of field research and statistical
data analysis (including McDonnell et al. 1997; Luck and Wu 2002; Lewis and
Brabec 2005; Irwin and Bockstael 2007; Weng 2007; Yu and Ng 2007; Schwarz
2010). Likewise, the transformation along the rural-urban gradient has been
detected by analysis of satellite imagery (including Lausch et al. 2015).
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In regard to those cities whose populations are stagnating or declining,
Scheuer et al. (2016) show a similar phenomenon at work for the age of built-up
urban land and its relative variability; they identified “mature” and “expand-
ing” urbanization along a polynomial fit for all large cities across the globe.
Their study therefore suggests that growing and shrinking cities lie along a
continuum - in what appears to be a cyclic process - of demographic transi-
tion, economic development, and urbanization (Scheuer et al. 2016).

1.1.4 Re(new)ed Perspectives

Urbanization is a multifaceted phenomenon, with profound changes in land,
socioeconomics including consumption patterns, institutions, and environ-
ment (Friedmann 2006; Bai et al. 2014). This diversity provides fertile ground
for introduction of new - or renewed - conceptualizations to characterize the
urban and different urbanization processes. In one of the more recent such con-
ceptualizations, Boone et al. (2014: p. 313) proposed the concept of “urbanity,”
defined as “the magnitude and qualities of livelihoods, lifestyles, connectivity,
and place that create urban-ness of intertwined human experiences and land
configurations”. The concept of urbanity emerges from of a growing consensus
that the classic urban versus rural classification to categorize land is insuffi-
cient for planning, research, and analysis. Importantly, the concept of urban-
ity underscores a continuum which can be applied beyond the administrative
boundaries of cities, and therefore can extend to multiple dimensions, includ-
ing livelihoods, land uses, and economies. Urbanity can also be used to under-
stand how land-use changes in nonurban areas are connected to underlying
urbanization dynamics. In this way, urbanity is closely tied to another recent
conceptual framework in land-use science: urban land teleconnections (ULTS).
The ULT concept seeks to uncover the linkages between land-use change and
underlying urbanization dynamics (Seto et al. 2012).

ULTs “refer to the distal flows and connections of people, economic goods
and services, and land use change processes that drive and respond to urban-
ization” (Seto et al. 2012: p. 1). ULTs express that the linkages between urban
land-use change and the ecosystem resources consumed by urbanites are not
exclusively formed over short distances, nor are they exclusively place based.
Rather, these linkages include many processes that urbanites influence in dis-
tant locations (Seto et al. 2012). ULTs allow us to shed light on rural land-use
changes and migration that are driven by distal urban functions. For example,
local or regional shifts in dietary preferences and consumption styles driven
by urbanization and increasing incomes are reinforced globally, but also have
impacts on distal places through information and material linkages. Thus,
ULTs link decisions, actions, and land changes at both urban and rural ends of
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a continuum (Guineralp et al. 2013). “Telecoupling,” a similar but broader con-
cept, refers to the system-level interactions among different human and nat-
ural processes across a range of spatial and temporal scales as, for instance, in
the case of urban water system (Deines et al. 2015). These systemic interactions
have enormous implications for quality of life, economy, sustainability, and
social equity in both urban and rural areas.

Despite being grounded in specific locations, cities can also be described
as global entities or functional units whose influence reach far beyond their
immediate vicinity. The concept of “global cities” considers some cities to
be key nodes in the global economic, communication, and financial system
(Sassen 2001). The global cities concept originates from social sciences - espe-
cially from urban studies - and follows the idea that global urbanization can be
understood as a phenomenon that is largely created, facilitated, and enacted
in strategic geographic locations. These locations, in turn, emerge as a con-
sequence of a hierarchical network of the global system of finance, transport,
money flows, and trade (Sassen 2001, 2008; see Figure 1.3).

Given the multifaceted nature of cities in a globally interconnected world
and the sustainability challenges they face, an integrated systems perspective
is required in urban research and practice (see, for example, Gilineralp and Seto
2008). The current framework of cities as social-technological systems is too
narrow and should be complemented by a view of cities as complex social-eco-
logical-technological systems, as has recently advanced within urban ecology
and social-ecological systems perspectives (Elmqvist et al. 2013). This advance
is critical given that the continuum of urbanity includes many characteristics
and processes other than the particular density of people or land area cov-
ered by human-made structures. Bai et al. (2016) call for the radical redesign
of urban institutional structure and processes along with financing of systems
approaches in urban governance and the creation of stronger systemic integra-
tion among science, policy, and practice. McPhearson et al. (2016) call for mov-
ing urban ecology towards an integrated urban science. A recent example of
integrating different urban disciplines is a study attempting to build a concep-
tual bridge between the large body of empirical works on urban metabolism to
urban ecosystem research through identitying eight energy and material flow
characteristics of urban ecosystems (Bai 2016).

1.2 Urbanization Trends around the World

Throughout history, urban areas have shown immense variety and variability
across different cultures and geographies, and even within the same cultural or
geographical sphere. The earliest cities in Mesopotamia, the Indus Valley, and
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the Mediterranean region were highly compact in area, but a few were charac-
terized by sizeable populations and densities. For example, Rome, in its heyday
in the early third century CE, had 1.5 million inhabitants, a population count
the city did not attain again until the 1930s (Davis 1955). The pre-medieval and
medieval cities of Europe and Asia are typical examples of compact cities with
midrise houses and high population densities. Regions with younger urbani-
zation, such as North America, tend to develop less compact cities as a whole
(Angel 2010).

Particularly in the developed world, post-World War II motorization, poor
planning, and market failures led to urban sprawl, which is defined broadly as
“excessive spatial growth of cities” (Brueckner 2000: p. 161) or, more specifi-
cally, as spatial growth of cities that creates forms of suburban development
that lack accessibility and open space (Ewing 1997). As a spatio-temporal pro-
cess, urban sprawl can be seen as a low-density expansion or “leapfrog devel-
opment” of large urban areas into the surrounding rural landscape (Kasanko et
al. 2006; Bengston et al. 2005). To give an example, from 1990 to 2006, urban
land and associated infrastructure across Europe grew at an annual rate of
about 1,000 km?, which is equivalent to the entire area of the German capital
of Berlin. Nevertheless, the most prominent case of this kind of urban growth
has been the expansion of the cities in the United States in post-World War 11
era (Batty et al. 1999; Brueckner 2000).

The development of large suburbanized peripheries around historically
compact European cities (Haase and Nuissl 2010) came to be known as the
“Zwischenstadt” - a settlement form in between the urban and the rural
(Sieverts 2003), which is mainly composed of detached houses and industrial,
commercial, and retail sites that dominate the urban-to-rural interface (Meeus
and Gulinck 2008; Nilsson et al. 2014). Conversely, rapidly growing urban areas
in Asia and Africa display many rural features in their peri-urban spaces, includ-
ing various forms of gardening and farming (McGee 1991). This type of growth
is distinctly different than suburbanization seen in North America or Europe;
such peri-urban spaces in East and Southeast Asia are called “desakota” after
the Indonesian words “desa” and “kota” - “village” and “city,” respectively.

Particularly after 1990, a considerable proportion of European cities, but also
many cities in Japan, started losing population following significant fertility
drops and out-migration; they were shrinking (Haase et al. 2013). Another
prominent case of shrinkage - the US case - is less clearly related to fertility
drops; rather, there have been large population shifts internal to the United
States due to the disintegration of economies that were based on manufactur-
ing and heavy industry in some regions, such as the Rust Belt and to the eco-
nomic boom in others. Shrinkage today is ongoing, but it is accompanied by
regrowth, with a return of the predominantly young and educated population
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to the city centers (Kabisch et al. 2010) (see Section 1.2.1 for more on urban
shrinkage).

The cities in the developing world have also been differentiating over the last
three decades. Whereas many millions of urban residents, who are typically
concentrated in “informal” or squatter settlements in both inner and outer
parts of these cities (Angel et al. 2011b; UN-Habitat 2010b; UN-Habitat 2014b),
still face significant hardships and lack access to many urban amenities, affluent
centers of innovation have also been developing and have been accompanied
by increasing wealth, often in the same cities. These apparent contradictions
are the most visible in rapidly growing cities of China, Brazil, India, Indonesia,
Mexico, and South Africa, where the most affluent households often spatially
segregate themselves from the poor majority in gated communities. Still, over
the past few decades, declining urban population densities appear to be a hall-
mark of contemporary urbanization in most parts of the world (Angel et al.
2011a), a phenomenon that needs further investigation.

1.2.1 “Antipodes” of Urbanization: Urban Shrinkage

While rapid urban growth is presenting challenges for urban planners and pol-
icy-makers in certain parts of the world, in others, a contrasting phenomenon
is presenting a completely different set of challenges: urban shrinkage. Urban
shrinkage is characterized by many facets such as population loss; declining
industrial and other economic activities accompanying underuse of buildings
and urban infrastructure; declining population densities; vacant housing;
fiscal constraints; and an increase in derelict land and brownfields as a con-
sequence of land abandonment. A. Haase et al. (2012), D. Haase (2012), and
Rink and Kabisch (2009) define urban shrinkage as a phenomenon of massive
population loss in cities that results from a specific interplay of (1) economic
(such as the Rust Belt of the United States), (2) financial, (3) demographic, (4)
environmental, and (5) political changes or disruptions (such as in the former
socialist countries in Europe) (Figure 1.4). Particularly prominent examples are
the systemic changes that occurred across Central and Eastern Europe, includ-
ing eastern Germany, after 1990, coupled with the introduction of a market
economy (Moss 2008). Temporary shrinkage might also result from environ-
mental disasters, such as Hurricane Katrina, which devastated the city of New
Orleans in 2005, causing the city to lose a considerable part of its population;
however, the population increased by 10 percent since 2010. Other exam-
ples of this hazard-driven shrinkage include Fukushima, Japan, or Pripjat in
the Ukraine, where nuclear accidents led to massive or complete losses of the
urban population; in these cases, a return is far from obvious.
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Another reason for urban shrinkage is demographic change - namely low fer-
tility and massive out-migration. The current processes determining urban
shrinkage in Central and Eastern Europe have emerged in the form of the
post-Soviet transition decline of traditional heavy industries. This decline
induced general economic crises, unemployment, out-migration to other pros-
pering regions, subsequent declines in fertility, and increases in population
aging (D. Haase et al. 2012). Furthermore, widespread suburbanization in the
peri-urban zones around shrinking cities leads to more residents abandoning
the city and, eventually, to the development of “donut-cities,” such as those in
eastern Germany after 1990 (Couch et al. 2005) or Detroit in the United States.

Since about 2000, a new trend following peri-urbanization has been observed
in some parts of the world: A number of cities in Germany, Central and Eastern
Europe, and formerly shrinking parts of the eastern United States are no longer
experiencing a loss in their population, but are regaining inhabitants. Positive
migration balances are mainly based on intraregional in-migration and a con-
siderable decline in out-migration (Kabisch et al. 2010). People are increasingly
opting to stay in the city, even as suburbanization progresses. Concurrently, a
discourse about a comeback of urban living - dubbed “reurbanization” - as a
future scenario for a number of major cities in eastern Germany has come to
the fore (D. Haase et al. 2008; Rink et al. 2012). Reurbanization is also currently
being discussed in the United Kingdom and other European countries (Buzar
et al. 2007; Colomb 2007) as well as in the United States (Cheshire 2006).

Reurbanization is a recent trend seen in cities that underwent a period of
urban stagnation and decay (Wolff et al. 2017) followed by a new cycle of the
demographic transition, economics, and urbanization. Reurbanization is char-
acterized by a range of socio spatial processes not unlike gentrification, since
taking advantage of the increasing affordability of real estate within inner
city areas seems to be the main impetus. Its focus is clearly on the household
dimension, as reurbanization processes are driven by households representing
a range of socioeconomic groups (Kabisch et al. 2010).

Another recent trend, “Cittaslow,” or “slow towns,” originated and devel-
oped a firm foothold in Europe but is gradually being adopted in other parts
of the world as well (Park and Kim 2016). Cittaslow is a network of 182 towns
aiming to contribute to local urban development and thus to improve their
quality of life (Hatipoglu 2015). The main goal of the Cittaslow approach is to
broaden the philosophy of slow food to local communities and to the govern-
ment of towns, applying the concepts of eco-gastronomy and local/traditional
food production to the practice of everyday life. Municipalities which join the
Cittaslow association are motivated by the idea of an urban area where humans
are still protagonists of the slow and healthy succession of seasons. Cittaslow
also means facilitating rich traditions of arts and craft in urban spaces with
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squares, theaters, shops, cafés, and restaurants, surrounded by unspoiled cul-
turallandscapes. Other hallmarks of Cittaslow cities are spontaneity of religious
rites and respect for traditions through the joy of slow and quiet living (see a
review about urban cultural ecosystem services by Kabisch et al. 2014). Clearly,
Cittaslow is a concept for affluent urban areas characterized by slow or no (pop-
ulation) growth. It is also, however, increasingly adopted by small towns and
cities as an alternative to sustainable tourism development (Hatipoglu 2015;
Park and Kim 2016). The Cittaslow approach is complemented by other sim-
ilarly inspired ideas across the world, such as the “Life-based-City” (see the
provocation by Cecilia Herzog in Chapter 21).

1.3 Future Trends of Urbanization

Current observations and statistical trends (UN 2014) suggest that the urban-
ization process will continue for the next few decades, further tilting the
global demographic balance towards cities and towns. The UN projects that
the world’s urban population, almost 4 billion in 2015, will grow by about 75
percent until 2050, bringing the urban population up to 6.3 billion (2014). We
must expect a highly uneven urban population development in less affluent
regions due to segregation of the relatively fewer rich among many poor house-
holds - a pattern that we already observe in many fast-growing African megac-
ities. Moreover, a larger number of future urbanites will concentrate in either
medium-sized cities - most likely in Europe and parts of Africa and Asia - or
megacities (defined as having a population of at least 10 million) mostly in
Asia. This form of population concentration will put pressure on rural hinter-
lands and natural resources located within smaller city-regions and mega-ur-
ban areas (UN 2014).

Even more dramatic increases in population are forecasted for urban
(built-up) land. In their middle-of-the-road scenario, Angel et al. (2011a, 2011b)
forecasted that global urban land cover would be nearly 1.3 million km? by
2030 and 1.9 million km? by 2050, increases of 110 percent and more than 210
percent, respectively, since 2000. Seto et al. (2012) forecast that there will be a
185 percent increase in global urban land cover, with areas having a high prob-
ability of urban expansion amounting to 1.2 million km? from 2000 to 2030;
urban expansion in Asia is expected to account for nearly half of this increase.
More recently, Gilineralp et al. (2017) projected that in all regions around the
world, urban population densities will continue to decline with significant
consequences for building energy use. They forecast that even if it is assumed
that urban areas do not grow to be as geographically expansive as they have
over the past few decades, urban population densities around the world are
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likely to continue to decline. For example, in North America, urban population
densities overall are expected to decline from 2,100 capita per km? in 2010 to
between 1,000 and 2,000 capita per km? in 2050. Comparatively, in South Asia,
urban population densities are expected to decline from about 19,000 capita
per km? to between 4,800 and 17,600 capita per km? over the same period.

Scenario analysis can be a powerful approach to studying the relative influ-
ence of different demographic, economic, technological, and environmen-
tal trajectories on the growth and spatial configuration of urban areas. The
European Union’s project, PLUREL (Peri-Urban Land Use Relationships), is a
good example of this approach (Nilsson et al. 2015). Among the total of four
scenarios they considered, a “Hypertech” scenario is likely to see small- and
medium-sized towns becoming even more prominent, leading to increased
peri-urbanization of rural areas. In a “Peak Oil” scenario, most people attempt
to return to large cities because high transport costs will limit commuting dis-
tances. In their “Self-Reliance” scenario, considerable budgets will be spent
on adaptation to climate change; people gravitate towards living in small,
self-supporting communities. In the fourth scenario, where urbanized areas
“Fragment,” cities become more dispersed and more segregated as younger
migrants inhabit city centers, while older residents escape to enclaves outside
the city. Across all future scenarios that researchers explored in the project,
urban expansion will continue at rates that are higher than those of any other
land use (Boitier et al. 2008).

1.4 Towards a Synthesis: A Typology of
Urbanization?

Spatial-temporal typologies of urbanization have been studied intensively by
geographers, economists, and other social scientists for many decades (Haase
and Nuissl 2010). The major factors that are thought to influence the aforemen-
tioned processes and types of urbanization are related to economic competi-
tion between different land uses/users (Thiinen 1826; Alonso 1964) or between
social/ethnic groups (Burgess 1925; Hoyt 1939; Harris and Ullmann 1945).
More recent models regard the changing concentration of population in an
urban area/agglomeration as key, and formulate a sequence of four phases of
urban development: urbanization, suburbanization, desuburbanization, and
reurbanization (Berg et al. 1982; Champion 2001; Kabisch and Haase 2011).
Others approached the dynamics and transformation of urban development
based on complex systems theory (Wilson 1976), the theorem of fractal devel-
opment represented by means of cellular automata (White and Engelen 1993;
Batty 2008) or systemic self-organization (Portugali 2000).
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The multifaceted nature of urban areas and urbanization defies sweeping cat-
egorizations. Nevertheless, scholars have proposed several typologies of urban
areas; most are grounded in specific geographies based on their various char-
acteristics, such as peri-urban areas (Gongalves et al. 2017; von der Dunk et al.
2011); city-industry dynamics (Hatuka and Ben-Joseph 2017); urban energy use
(Creutzig et al. 2015); urban green infrastructure (Koc et al. 2016); urban form
(Jabareen 2006; Gil et al. 2012); metropolitan land-use patterns (Cutsinger and
Galster 2006); national urban policy (Holland 2015); urban planning theories
(Yiftachel 1989);and urban conflicts (Trudelle 2003). For example, arare attempt
to develop a formal typology of urban areas across the world proposed four city
types based on the rates and patterns of their spatial growth (Schneider and
Woodcock 2008): low-growth cities with modest rates of infill development
(residential densification); high-growth cities with rapid, fragmented devel-
opment; expansive-growth cities with extensive dispersion at low population
densities; and frantic-growth cities with extraordinary land conversion rates at
high population densities. Another attempt at a formal, global urban topology,
based on design concepts, proposes a different set of types of sustainable urban
forms (Jabareen 2006): the neo-traditional development, the urban contain-
ment, the compact city, and the eco-city. These limited-scope typologies and
the collective body of work on the similarities and differences in urbanization
trends around the world suggest that a broad typology of contemporary urban-
ization may be possible (see this volume’s concluding chapter, “Synthesis”).

1.5 Challenges and Opportunities of Urbanization
Heading into the Twenty-First Century

Where will we stand at the end of the twenty-first century regarding urban-
ization? At 99 percent urbanites on earth? At 10 percent global urban land
cover? These scenarios may seem preposterous, but they reflect an increasing
realization that urban areas play increasingly influential roles in global change
processes. It is this realization that led the United Nations General Assembly
in September 2015 to adopt a full-fledged Sustainable Development Goal (or
SDG) with a specific urban focus, SDG 11 (see https://sustainabledevelopment
.un.org). The focus of SDG 11 is to “make cities and human settlements inclu-
sive, safe, resilient, and sustainable.” While the various targets under SDG 11
are laudable, moving towards them means considerable effort and creativity
will be needed to overcome the challenges urban areas face today. One poten-
tial caveat of SDG 11 in this respect is its apparent overreliance on techno-man-
agerial approaches and institutional arrangements (Caprotti et al. 2017). While
metrics, indicators, and evaluation systems - all hallmarks of “smart cities”
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initiatives - can have their uses, they are not a panacea for the full spectrum
of contemporary urban challenges. The issues revolving around the availabil-
ity and veracity of the data that are needed to operationalize these metrics,
indicators, and evaluation systems aside, there is a need to complement - and
even contextualize - those data by approaches that heed political aspects and
realities of urban challenges.

The challenges that urban areas will increasingly have to grapple with in the
future involve climate change, access to basic services to secure human life,
such as drinking water, food, clean air, healthcare (including basic sanitation
requirements); and resilience to disasters (Dahiya 2012a, 2016); resilienceis also
listed among other SDGs to be met by 2030. By 2025, the annual rate of change
of urban population is expected to be about 2 percent in developing regions
and 0.5 percent in developed regions (UN-Habitat 2013), including extremely
rapidly growing urban areas in the West African Belt and Asia, and shrinking
cities in Europe, Russia, and the US Rust Belt (Dahiya 2012a; Haase 2013). This
will result in an increasing number of affluent, stagnating, or shrinking cit-
ies mainly in developed countries, and less affluent, fast growing cities mainly
in developing countries. Both trends create enormous challenges in terms of
infrastructure management and local governance, as nearly 37 percent of the
world’s urban population currently lives in slums under inequitable condi-
tions, and lack access to many urban amenities.

The notions of “circular urbanization,” “circular migration,” or “floating
population,” all of which describe rural residents who come to cities to work
but can be mobile, moving between the urban and the rural, further compli-
cate the picture (Overseas Development Institute 2006; UN-Habitat 2010b).
For example, the floating population in all of China’s cities amounts to 260
million individuals (UN-Habitat 2016). To accommodate such different trajec-
tories of urbanization and types of cities, new approaches in urban policy and
governance are needed. These approaches should take into account the spatial,
temporal, and institutional scales inherent to urban governance. Furthermore,
they need to be designed to empower urban stakeholders and to enhance pub-
lic participation (Bai et al. 2010; Dahiya 2012b, 2014). To this list of challenges
one can add promoting a fine-grained mix of housing types and providing
attractive public realms, green-blue spaces, pedestrian-friendly streetscapes,
and efficient, accessible public transportation, all of which are put forward by
proponents of such urban design movements as New Urbanism.

Sustainable urbanization strategies need to focus on pro-poor dwelling devel-
opments, improved resource utilization, and better access to local economies
toreduce unemployment and poverty as well as poverty-driven migration. New
approaches of urban governance must be flexible to address emerging chal-
lenges effectively; for example, conceptual frameworks of urban planning may
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be more useful than an actual detailed plan, preparation of which often lags
behind on-the-ground developments. Such an approach should also address
formalization and regularization of land tenure, which represents a huge prob-
lem, especially in the cities of developing countries. Linkages among urban,
peri-urban, and rural areas require improved coordination between urban
governance and regional, national, and even international development plan-
ning. None of these challenges are insurmountable, and the very fact that there
is an SDG - however imperfectly formulated - that directly addresses them
raise hopes that they will be effectively tackled in the near future by urban and
national governments.
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Chapter 2: Embracing Urban Complexity

Marina Alberti, Timon McPhearson, and Andrew
Gonzalez

2.1 Cities in the Context of the Anthropocene

In this chapter, we argue for the need to take a complex systems approach
to understand urbanization and its impacts based on its key variables and
drivers: agents, emergence, self-organization, and criticality. A complex sys-
tems approach will necessitate a shift from viewing cities only as social-tech-
nological systems to viewing them also as social-ecological systems and,
even further, as complex social-ecological-technological systems, or SETs
(McPhearson et al. 2016a; Depietri and McPhearson, 2017), involving the
interactions and coevolution of social systems, living systems, and built
systems.

Cities are one of the most distinctive features of the Anthropocene - a new
geologic epoch characterized by the dominant influence of humanity on the
environment - yet one of the least understood Earth systems. Philosophers
have been curious about how cities emerge and function since the first
appearance of human settlements 10,000 years ago, but both formal con-
ceptualization and study of urban systems are more recent (Geddes 1915;
Mumford 1961; Park 1925; Lynch 1961; Forrester 1969; Jacobs 1969; Hall
1998). Over the last century, scholars in a broad array of disciplines have
advanced various theories to explain urban dynamics. Such theories have
evolved separately, in discrete domains, for more than a century, and strongly
reflect a view of humans and natural systems as essentially separated from
each other. Conceptualizations have commonly preceded attempts to study
such systems empirically. The emergence of a new urban ecology beginning
in the late 1990s represents the first significant attempt to integrate a diver-
sity of approaches from a broad set of disciplines to advance understand-
ing of cities as complex, coupled human-natural systems (Pickett et al. 1999;
Grimm et al. 2000; Alberti et al. 2003; Grimm et al. 2008; Alberti 2016; Bai
2016; McPhearson et al. 2016a).
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Earlier theories of cities have been useful for describing a variety of urban phe-
nomena, but cannot provide a general explanation of how cities emerge, per-
sist, or collapse. The development of complexity theory has enabled scholars to
begin asking such questions and making sense of various aspects of city function
and dynamics. Cities across the globe exhibit unique patterns visible from space
(Figure 2.1), reflecting diverse socioeconomic and biophysical characteristics, as
well as their history and stage of development (Bai and Imura 2000; Bai 2003).
Yet, the emerging patterns hint at universal principles of emergence, growth,
and evolution of cities. We can ask: What do cities have in common, regard-
less of their geographical location and size? And which elements are specific
to historical or geographic circumstance? Are there underlying mechanisms
and universal laws of urban evolution (Bettencourt et al. 2007; Batty 2008)? As
urban scientists have introduced mathematical rigor to the exploration of com-
mon urban properties across the world’s cities and high resolution data have
become increasingly available, we begin to discover new insights for planning
and policy-making. Yet the application of complex models and empirical
explorations remain at an early stage (McPhearson et al. 2016b). Urban ecology
advances the need of a science of cities as coupled human-natural systems.

Figure 2.1 Cities’ patterns from space. NASA City Night Lights 1) New York City, 2) Paris, 3) Cairo,
and 4) Tokyo.
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2.2 The City as a Complex System

As major drivers of global change, cities have a prominent role in enabling the
Earth’s transition to sustainability (see Chapter 1). Understanding the complex
dynamics linking urban changes to social-ecological-technical change is criti-
cal to gaining new insights for the future of ecological and human well-being.

2.2.1 Agents

Cities are characterized by complex interactions among multiple heteroge-
neous agents and components across multiple scales. Agents are members of
households, individual businesses, real estate developers, local and regional
governments, nonprofit organizations, and academic institutions that make
a variety of decisions affecting resources and land use. These agents are highly
heterogeneous within and across cities and their decisions. Empirical evidence
suggests that household residential location choices (Waddell 2013) or land-
scape management practices (Polsky et al. 2014) are influenced by their diverse
characteristics, perceptions, and preferences. These decisions directly and
indirectly affect the biophysical system through land conversion, exploitation
of resources, and generation of emissions and waste. Businesses make deci-
sions about production, location, and management practices. Members of
households make choices about employment, residential location, housing
type, travel mode, and other activities. Real estate developers make decisions
about housing development and redevelopment. Governments shape urban
resource flows and environmental impacts about investing in infrastructures
and services, as well as adopting policies and regulations that influence agents’
interactions and the decisions they make (Bai 2016). Decisions are made at the
individual, community, city, and regional levels through both economic and
social institutions.

2.2.2 Emergence

In cities and urbanizing regions, agents interact dynamically within commu-
nities and through social networks, economic markets, and many public insti-
tutions (including governmental and other nonprofit and nongovernmental
organizations), giving rise to emergent properties. It is through these multiple
interactions across time and space that urban agents generate observable emer-
gent physical (for example, sprawl), behavioral (for example, travel), social (for
example, neighborhood segregation), economic (for example, income, real
estate values), ecological (for example, biodiversity), and environmental (for
example, atmospheric pollution) patterns.
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Urban segregation and inequality are examples of emergent patterns result-
ing from dynamic interactions among many agents and social groups and their
residential choices which, in turn, are simultaneously influenced by personal
preferences, job markets, land and real estate markets, and public policies and
investments (Box 1.1). Emerging contemporary patterns of urban segregation
are far more complex than typically represented by the average center-periph-
ery pattern of early urbanization. In Brazilian cities, for example, Feitosa (2010)
shows how political and socioeconomic changes that occurred in the 1980s
significantly altered the patterns of urban segregation and the dynamic inter-
actions that govern urban spatial configurations. The poor were not able to
afford dwellings in the “legal city” or to build houses in irregular settlements
(do Rio Caldeira 2000; Torres et al. 2002). Instead, they initiated the prolif-
eration of favelas in central areas even closer to wealthy neighborhoods. The
emergent pattern challenges the spatial duality and socioecological homoge-
neity of urban spaces - the traditional allocation of affluent families in central
neighborhoods, with poor families pushed to the peripheries - by diffusing
and intermixing favelas located in different regions of the city, including those
closer to wealthy neighborhoods (Torres et al. 2002).

Multiple feedback mechanisms between urban segregation and individ-
ual choices reinforce such patterns. Urban segregation has consistently led
to negative consequences for the lives of urban inhabitants by reinforcing
social exclusion, concentration of poverty, limited access to natural resources,
environmental degradation, and greater exposure to environmental risks. As
a result, segregation and institutionalized inequality substantially affects the
capacity of cities to contribute to social and economic development (Sabatini
et al. 2001; Torres et al. 2003).

2.2.3 Self-Organization

As cities grow, they increase in complexity, yet such complexity is not fully
guided or managed by an outside source; this development is self-organizing.
In self-organizing systems, patterns and organization develop through interac-
tions internal to the system. In Self-Organization and the City, Portugali (2002)
introduces the notions of stability and instability across scales. Building on
the example of urban segregation, the emergence of slums can be seen as the
emergence of instability pockets essential to ensure global stability of the urban
system (Portugali 2000; Barros and Sobriera 2002). But a more in-depth exam-
ination uncovers the emergence of slums - traditionally considered to be and
defined as “informal settlements” - as a complex socioecological phenomenon:
the social production of habitat resulting from social exclusion (Zarate 2016).

48

https://doi.org/10.1017/9781316647554 Published online by Cambridge University Press


https://doi.org/10.1017/9781316647554

Chapter 2: Embracing Urban Complexity €9

Complexity and self-organization pose challenges to the dominant plan-
ning paradigm. Despite the increasing attention of planning scholarship to
resilience science, planning practice has just begun to incorporate resilience
principles and to move away from a steady-state approach and a view of plan-
ning as an outside agent controlling and directing urban change. There is an
inherent tension between the self-organization properties of complex socio-
ecological systems and the idea of planning towards a desirable societal goal.
Transforming such tension towards a novel planning paradigm might be key to
advancing both the discipline and the practice. Self-organization has impor-
tant implications for the way systems evolve (Jorgenson 1997; Phillips 1999).
Yet, various theories draw different conclusions. Phillips (1999) suggests that
the key question is how divergent self-organization and patterns are linked
to instability and chaos, and how, together, they affect system evolution. The
extent to which cities are self-organized and how this drives system dynam-
ics is critical to understanding how to intervene in this complexity to achieve
desirable goals for urban societies.

2.2.4 Criticality

Self-organized systems are at a critical state — a state in which perturbations are
propagated over long temporal or large spatial scales (Bak 1996). Such systems
exhibit scale-invariance characteristic of the critical point (or attractor towards
which a system tends to evolve) of a phase transition. An example is a sand pile
in which local interactions result in frequent, small avalanches and infrequent
large ones. In such systems, transitions can be triggered by external forces or
internal changes in system feedbacks. Such “phase transitions” may be trig-
gered by unpredictable external events, but often they result from endogenous
underlying processes that maintain their stability and resilience.

There is increasing evidence indicating that major transitions in financial
systems and ecosystems are typically preceded by gradual change in internal
processes until they reach a threshold: a small external perturbation can trig-
ger a domino effect that propagates through the system and causes a shift to a
new state (Sheffer et al. 2013).

There are several documented examples of regime shifts in ecological sys-
tems: in lakes, coral reefs, oceans, and forests (Scheffer et al. 2001). The liter-
ature also documents examples of regime shifts in human societies both in
prehistoric human societies, such as Easter Island (Flenley and King 1984),
and more recent examples across multiple regions of the world (Kinzig et al.
2006). But how the coupling between human and environmental systems
adds to such complex dynamics is not fully understood (Liu et al. 2007). In
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such systems, further nonlinearities affect the interactions between external
and internal conditions and drive the system to a critical threshold that might
cause a regime shift and/or system reorganization (Holling 1973).

Hurricanes Sandy and Katrina clearly illustrate the unexpected shocks cities
are likely to face in the next decades; both storms were a result of increasing cli-
mate extremes driving fast variables (that is, storm formation) and interacting
with the slow, variable processes of wetland loss; increased human and infra-
structure vulnerabilities associated with land cover change (that is, coastal
development); transportation, housing, and energy sector vulnerabilities; and
the build-up of system complexity over time (Sanderson et al. 2016; Blum and
Roberts 2009).

2.2.5 Biodiversity and Urban Areas as Socioecological
Systems

Emergent patterns of biodiversity in cities illustrate the complex socioecolog-
ical dynamics of urban ecosystems. Humans are affecting the abundance and
distribution of species across the planet, and these impacts are projected to
increase in this century (Pereira et al. 2010; Pimm et al. 2014). The expansion
of cities will triple urban land cover by 2030, compared to 2000, and will occur
in areas of significant biodiversity hotspots (Seto et al. 2012; see also Section
1). The future of urban biodiversity will depend on how cities spread, but also
on socioecological interactions and on how habitat is preserved within cities.
Attention to habitat size and connectivity will maintain not only species, but
ecosystem processes and the evolutionary processes that allow adaptation and
diversification within cities (Loreau et al. 2003).

Urbanization transforms the biophysical structure of the landscape, which
contributes to biodiversity change both directly within cities (McKinney 2008;
Elmqvist et al. 2013; Aronson et al. 2014) as the expanding built environments
alter habitat quality and connectivity, and at much larger scales as it indirectly
drives habitat loss through trade demands for food and resources (Seto et al.
2012). Cities also constitute habitat for many species. Many anthrophilic spe-
cies do well in urban environments, and trends in the diversity of these species
may increase as urban land cover increases (Aronson et al. 2015).

Aronson et al. (2014) compared 54 cities and found that the density of bird
and plant species (number of species per km?) in cities has declined substan-
tially: only 8 percent of native bird and 25 percent of native plant species are
currently present compared with estimates of nonurban densities of species.
Aronson et al. (2014) found that the density of species in cities and the loss of
density of species was best explained by land cover and city age rather than by
nonanthropogenic factors (such as geography and climate).
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Beninde et al. (2015) conducted a meta-analysis of the factors mediating
intra-urban bird, insect, and plant species richness across 75 cities worldwide.
Their focus was on within-habitat species richness as opposed to city-scale spe-
cies richness. They found that habitat patch areas and corridors (connected
linear strips of habitat) have the strongest positive effects on species richness,
along with vegetation structure. Large habitat patches of greater than 50 hec-
tares in size are necessary to prevent the loss of area-sensitive species in cit-
ies. They only analyzed data for corridors from two cities, but the effects were
marked for multiple taxa. Functional connectivity is vital to increasing the
effective area of urban habitat, so networks of corridors are likely to help biodi-
versity conservation in cities (Rayfield et al. 2015; Albert et al. 2017).

Our most complete data on urban biodiversity are from European and North
American cities. We expect to find similar patterns of biodiversity change in
cities in Asia and Africa, but monitoring is required to establish whether sim-
ilar patterns of change will be observed over the coming century. Widespread
adoption and implementation of a common indicator set, such as the City
Biodiversity Index (Kosaka et al. 2013), will further foster comparisons across
cities. Biodiversity is integral to the ecosystem services that benefit people in
urban environments (such as microbial diversity, which influences human
immune system health (Rook 2013); as such, these monitoring programs
would also reveal how changes in biodiversity affect the quality of ecosystem
services.

2.2.6 Adaptation and Eco-Evolutionary Dynamics of
Biodiversity

Evidence that cities drive microevolutionary change poses new challenges for
the study of urban sustainability (Palkovacs et al. 2012; Alberti 2015; Alberti et
al. 2017a). By examining more than 1,600 observations of phenotypic change
in species across the globe, Alberti et al. (2017a) were able to detect a clear urban
signal. Examples of phenotypic changes driven by urbanization have been doc-
umented for many species of birds, fish, plants, mammals, and invertebrates
(Yeh and Price 2004; Carlson et al. 2011; Haas et al. 2010; Cheptou et al. 2008;
Jacquemyn et al. 2012; Alberti et al. 2017b). Humans in cities affect species
composition and their functional roles by selectively determining phenotypic
trait diversity and causing organisms to undergo rapid evolutionary change.
Changes in individuals, populations, and communities have cascading effects
on ecosystem functions and human well-being, including biodiversity, nutri-
ent cycling, seed dispersal, food production, and human health (Alberti 2015).

Several scholars of urban ecology are exploring the link between pheno-
typic change and their effects on ecosystem functions in urbanizing regions
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(Marzluff 2012; Donihue and Lambert 2014; Alberti 2015; Alberti et al. 2017a).
The emergence of eco-evolutionary feedbacks on contemporary time scales
(Pimental 1961; Schoener 2011) might affect ecosystem productivity and sta-
bility of cities (Matthew et al. 2011). For example, the physical structure of
estuarine and coastal environments is maintained by a diversity of organisms,
particularly dune and marsh plants, mangroves, and seagrasses. Evolution in
traits underlying their ecosystem-engineering effects has potentially signif-
icant functional impacts on coastal cities’ resilience. Other examples of eco-
system functions relevant to both ecosystem and human well-being include
nutrient cycling and primary productivity regulated by consumers’ traits,
which control their demand for resources. Understanding the mechanisms by
which human agency affects evolutionary feedback is critical to anticipating
future evolutionary trajectories in cities.

2.2.7 Resilience

One important attribute of a complex system is resilience, which, for cities, can
be translated to the ability to maintain human and ecosystem functions simul-
taneously over the long-term (Alberti and Marzlutf 2004; see also Chapter 7). In
cities, ecological and human functions are interdependent. Urban sprawl can
cause rapid shifts in the quality of natural habitat, from a well-connected nat-
ural land cover to a state in which the natural land cover is greatly reduced and
highly fragmented (Dupras et al. 2015). Sprawl is a dynamic gradient of urban
land cover that results when urban dwellers and real estate developers operate
without taking into account the full social and ecological costs of providing
human services to low-density development (Alberti and Marzluff 2004).

Patterns of urban development and infrastructure play a key role in main-
taining the capacity of urban regions to adapt in the face of urban growth and
environmental change. For example, we know that urban sprawl drives loss
of forest cover and natural habitat and threatens biodiversity (Elmqvist et al.
2013). The amount of impervious surface and the density of roads is associated
with loss of ecological integrity of streams, and hydrological changes associ-
ated with urbanization and shoreline hardening increase the vulnerability of
coastal cities to floods. Yet, we do not know how different urban forms, densi-
ties, land-use mix, and types of infrastructures affect the diverse ecological pro-
cesses that affect ecological conditions and human well-being. Nor do we fully
understand the trade-offs associated with different housing or infrastructure
alternatives (Alberti 2010). New patterns of urbanization pose additional chal-
lenges to characterizing mismatches between supply and demand of ecological
goods and services that require cross-boundary and cross-scale considerations
(Kremer et al. 2016; McPhearson et al. 2015).

52

https://doi.org/10.1017/9781316647554 Published online by Cambridge University Press


https://doi.org/10.1017/9781316647554

Chapter 2: Embracing Urban Complexity €9

Resilience in urbanizing regions depends on variable biophysical and soci-
oeconomic conditions as well as stage of urban development; resilience in a
city and its surrounding region is highly affected by its infrastructure. Cities
provide unique opportunities to rethink and establish novel, integrated infra-
structure systems such as, sustainable energy systems that rely on renewable
energy sources (Kammen and Sunter 2016). Technological developments, in
turn, have the potential to influence future urban trajectories. Using two cases
of large hydraulic works in the Dutch delta, van Staveren and van Tatenhove
(2016) illustrate how past technological interventions can profoundly shape
the direction in which deltas develop.

2.3 Urban Social-Ecological-Technical Systems and
Innovation

Advancing social-ecological conceptual frameworks for understanding com-
plex dynamics of urbanization requires explicitly representing the built infra-
structure and technological components of urban systems (Ramaswami et al.
2012; McPhearson et al. 2016a; Depietri and McPhearson, 2017) and the relative
change in urban metabolism that their development implies (Kennedy et al.
2007; Kennedy et al. 2009). More recent studies attempt to provide conceptual
bridges between urban metabolism and urban ecosystem studies (Bai 2016).
Cities depend on larger-scale built infrastructures (such as electric power, water
supply, and transportation networks) that sustain flows of resources over large
distances. The new, emerging patterns of urbanization (including city regions,
urban corridors, and mega-regions) result from the evolution of technology
and generate new demand for infrastructure systems that require further tech-
nological innovation. Urban regions operate as hubs of global and regional
flows of people, capital, services, and information that drive the global econ-
omy (Sassen 2012). Yet, the rapid socioeconomic and environmental changes
cities are both causing and experiencing pose new challenges to infrastructure
systems, exacerbated by the inability of many cities to keep pace with rapid
urban growth and the lack of appropriate institutional and governance struc-
tures to respond to emergent problems.

Transitions in complex systems pose great challenges to system stability and
resilience, but are also an important source of novelty and transformation
(Alberti 2016). While cities are often associated with poverty concentration,
slum proliferation, and social and environmental problems, they have also tra-
ditionally been the centers of economic growth and innovation. Urban areas
house 54 percent of the global population and generate more than 70 percent
of global GDP (UN-Habitat 2016). Empirical data across many cities show that
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close interactions among diverse people in cities foster collaborative creativity
and the capacity to innovate. Recent studies have explored the relationships
between important measures of outputs from socioeconomic processes in cit-
ies and population size, providing ample evidence that important properties
of cities of all sizes increase, on average, faster (socioeconomic superlinear-
ity) or slower (material infrastructure sublinearity) than city population size
(Bettencourt 2013). Bettencourt et al. (2010) found that income and innova-
tion change in a consistently superlinear manner (with exponent § ~1+ 1/6) in
response to growth, showing increasing returns, while infrastructure responds
sublinearly (B ~ 1-1/6), suggesting economies of scale in material infrastructure
relative to population growth (Figure 2.2).

To explain why the emergent patterns observed in cities are a special case
of complex natural systems, Bettencourt (2013) compares cities to stars. Cities
attract people and accelerate social interaction and social outputs in a manner
that is analogous to the way in which stars compress matter and burn brighter
and faster with increased size. Social interactions - efficient social networks,
embedded in space and time, that evolve - make the city a new phenomenon
in nature. Yet, in spite of a city’s fast pace and rapid evolution, achieving sus-
tainability depends not only on the ability to innovate, but also on the type of
innovation that is performed.

As centers of innovation, cities have the potential to play a prominent
role in reorienting patterns of urbanization and infrastructure towards

- -
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Log gross domestic product (US dollars)
IS

Log population

Figure 2.2 The scaling of gross domestic product as a function of city population. Source:
Bettencourt 2013.
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sustainability - for example, through integrated renewable energy systems
(McPhearson et al. 2016c¢). Yet, innovation and novelty are part of a tightly cou-
pled system of socioeconomic and environmental drivers mediated by both
built infrastructure and technological systems. For example, the generation
and adoption of efficient technologies (including those that relate to energy,
water, and CO, emissions) are driven by a complex interplay between increasing
social interactions (such as social networks), the quality of urban ecosystems,
and increasing environmental changes (such as extreme climatic events), but
also by the vulnerability and resilience of the city to these changes. In cities,
the built infrastructure and natural infrastructure play critical roles in reducing
vulnerability, mitigating hazards, and responding to disasters. Technological
innovation and its diffusion depend on socioeconomic conditions, urban
development policies, and institutional capacity. Scholars have begun to
explore the relationships between emerging novel governance and manage-
ment systems and socioecological innovation (Walker et al. 2004; Chapin et al.
2010; Folke et al. 2010; Westley et al. 2011; Olsen et al. 2014). Furthermore, the
importance of these factors can vary across cultures and biomes.

Recent work by international organizations focused on improving slum
conditions and preventing their formation is reflected by a decrease from 39

Box 2.1 The Complexity of Slums

Slum settlements are an example of a complex urban phenomenon with
significant implications for the sustainability of an urban planet. Across the
globe today, one in eight people (approximately 881 million) lives in slums,
and this number is expected to increase in the near future (UN-Habitat
2016). According to the UN, the number of slum dwellers continues to
increase, despite the decline in the proportion of the urban population
residing in slums. Slums are a challenge to sustainable transitions for
humanity: they increase poverty and demands on basic services in urban
areas, threaten human health, and exert stresses on the environment.
Spontaneous settlements typically occur in the most environmentally
vulnerable areas, and their lack of proper sanitation and waste management
systems are major sources of both environmental pollution and the spread of
infectious diseases.

Among the various informal settlements associated with rapid urbanization,
slums are a particularly challenging and urgent global phenomenon due

to the perpetual poverty, deprivation, and sociospatial exclusion of slum
dwellers, and due to their impacts on the overall prosperity of the cities in
which they exist.
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percent to 30 percent of urban populations living in slums in developing coun-
tries between 2000 and 2014. Yet, absolute numbers of people living in slums
continue to rise as a result of rapid urbanization and overall global population
growth, as well as the failure of cities to provide appropriate housing and man-
age growth. Transforming slums into sustainable urban settlements requires
a new understanding of slums as complex phenomena emerging from the
interactions of multiple forces and the recognition of these emergent settle-
ments not as “informal,” but as a “social production of habitat” - a definition
intended to describe people producing their own habitat: dwellings, villages,
neighborhoods, and even large parts of cities (Zarate 2016).

Both the emergent patterns of informal settlements and their evolution
reflect the interaction of multiple factors and contrasting forces: population
growth; rural-to-urban migration; weak governance; economic vulnerability
and underpayment for labor; displacement caused by conflict, natural disasters
and climate change; and, significantly, the lack of affordable housing options
for the urban poor as governments increasingly disengage from a direct role in
provision of housing. The complex interaction of these diverse factors often
causes the housing sector to become susceptible to domination by speculative
forces that tend to benefit affluent urban residents (UN-Habitat 2015).

For example, by comparing the current patterns of urban segregation to the
traditional center-periphery pattern in Brazilian cities, Feitosa (2010) shows that
complex interactions among bottom-up and top-down processes and mech-
anisms operate at multiple scales. A new pattern of segregation has resulted
from the political and socioeconomic changes of the 1980s, superimposed
on the typical center-periphery pattern that separates the wealthy from poor
urban dwellers (do Rio Caldeira 2000; Lago 2000; Torres et al. 2002). The slow-
ing of the Brazilian economy during the 1980s and a corresponding decline in
per capita income led to an impoverishment of the population and an increase
in social inequalities. The simultaneous establishment of the Federal Law for
Urban Land Parceling (6766/79), which regulates the minimal requirements
for development of urban settlements and was intended to improve access to
infrastructure and public facilities of the periphery, promoted a larger social
diversity in areas that were only occupied by the lower classes (do Rio Caldeira
2000; Lago 2000) while increasing the number of urban dwellers unable to
afford the “legal city” or even to build their own dwellings in “irregular” settle-
ments (Feitosa 2010). Together, these factors prompted the emergence of fave-
las, the Brazilian slums found throughout various regions of the city, even in
close proximity to wealthy neighborhoods (Torres et al. 2002).

What characterizes slums, from an urban complex dynamic perspective,
is not location, but the living conditions experienced inside them. A slum,
according to UN-Habitat, is a settlement in which the inhabitants suffer
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one or more of the following “household deprivations”: lack of access to an
improved water source, lack of access to improved sanitation facilities, lack of
sufficient living area, lack of housing durability, and lack of security of tenure
(UN-Habitat 2011). The persistence of slums is the result of a reinforcing mech-
anism or positive feedback. Increased poverty and lack of basic infrastructure
and services, together with a degraded and unhealthy environment, drive the
emergence, persistence, and growth of slums both in developing and devel-
oped countries. Actions to improve slum living conditions require promoting
policies and incentives that operate simultaneously on multiple levels, linking
urban planning, financing, and legal and livelihood components from the bot-
tom up. Transition to a sustainable future for urban slums implies acknowledg-
ment of the self-organizing nature of such phenomena and the opportunities
inherent in this self-organization for reorienting urban slums towards urban
sustainability.

2.4 Complexity of Coupled Human-Natural Systems

Over the last three decades, complexity theory has provided a new basis for
understanding how myriad local interactions among multiple agents can gen-
erate simple behavioral patterns and ordered structures. Cities are nonequi-
librium systems; random events produce system shifts, discontinuities, and
bifurcations (Krugman 1993, 1998; Batty 2005), and patterns emerge from
complex interactions that take place at the local scale, suggesting that urban
development self-organizes (Batten 2001). Emergent patterns are often scale-in-
variant and fractal, indicating that the emergent morphology of cities results
from self-organizing processes operating at the local scale (Batty and Longley
1994; Allen 1997).

Understanding the complex relationships between patterns of urban devel-
opment and the processes that maintain ecosystem function and resilience in
urban areas requires a new framework to uncover the mechanisms that deter-
mine the relationship dynamics of urban ecosystem services and their roles in
maintaining resilience of urbanizing regions (McPhearson et al. 2015). Urban
systems are hybrid ecosystems and several types of new hybrid functions may
emerge from these interactions. For example, barrier islands in urbanizing
estuaries are part of a tightly coupled system of human and ecosystem pro-
cesses; they perform the hybrid function of protecting estuary biodiversity and
controlling coastal flooding (Alberti 2016).

The rapid advancement of computer power, together with the remarkable
emerging availability of high-resolution social and ecological data, provides
unprecedented opportunities to reframe our questions (Figure 2.3). Instead
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Figure 2.3 Examples of high-resolution tree species diversity (Street Tree Census, NYC), property
values (Assessor data, NYC), and energy intensity (Energy consumption, NYC).
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(c) Source energy-use intensity (kBtu/sq. ft)
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Figure 2.3 (cont)

of asking how patterns of human settlements and activities affect social and
ecosystem processes, we can ask: How do humans, interacting with their bio-
physical environment, generate emergent phenomena in urbanizing ecosys-
tems, and how do these patterns selectively amplity or dampen human and
ecological processes and functions? Cities are coupled human-natural systems
in which people are dominant agents with a new capacity to redefine the rules
of nature’s game (Alberti 2016). Although extensive urban research has focused
on the dynamics of urban systems and their ecology, efforts to understand
urban systems in an integrated manner are relatively recent and are only begin-
ning to address the processes and variables that couple human and ecological
functions (McPhearson et al. 2016a; Bai 2016).

Scholars of both urban development and ecology have begun to recognize
the importance of explicitly considering human and ecological processes in
studying urban systems. Yet building an integrated approach to advancing
such understanding challenges scholars from different disciplines to revise
fundamental assumptions in their disciplines with regard to humans and
ecosystems.
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2.5 Insights for Urban Planning from Complexity
Science

To navigate the transition towards a sustainable urban future, it is necessary
that we understand cities as integrated social, economic, and physical sys-
tems in more precise and predictive ways. This requires quantitative models of
the internal structures of cities and of the interactions between cities and the
Earth’s natural environments that account for the processes of human devel-
opment and economic growth, as well as their feedbacks on patterns of urban
development. It also poses new challenges and offers insights for rethinking
planning theory to more effectively contribute to urban governance in an era
of global change (Wilkinson 2012). Emerging socioecological innovations
across world cities indicate possible pathways to set new trajectories for the
future of our urban planet. By developing and analyzing qualitative scenarios
combined with modeling grounded in new empirical analysis, we can begin to
assess strategies and uncover transformational pathways for cities to transition
to more desirable and sustainable futures (McPhearson et al. 2017).

How can we plan in the face of complexity? What can we learn from complex-
ity science that will help guide urban design and planning? An initial series of
questions directs planners towards new perspectives on problem definitions:
How do we define the problem? What are the boundaries of the system? What
is the spatial scale of the analysis? What is the time horizon? What are the
components (ecological, social, political, economic) within the system? What
are the connections and feedbacks (physical, biogeochemical, biotic, social,
economic, political)? What are the drivers? What is controllable? Where are
the control points? What is known? What is ambiguous or uncertain? What
might plausibly be changed? What information do we need to assess alterna-
tive problem solving strategies?

Complexity science provides new tools to conceptualize the city and urban
regions as complex systems (Bettencourt 2013) and indicates key principles to
guide their planning and management (Ahern 2013; Alberti 2016):

1. Diversity and modularity: Create and maintain diverse development pat-
terns and modular infrastructure systems that support diverse human and eco-
system functions under different conditions and uncertain scenarios.

2. Self-organization: Focus on maintaining self-organization and increasing
the capacity of coupled human-natural systems to adapt instead of aiming to
control change and to reduce uncertainty.

3. Uncertainty: Expand the ability to consider uncertainty and surprise in
urban decision-making by designing strategies and built infrastructure systems
that are robust to the most divergent plausible futures.
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4. Adaptation: Create options for learning through experimentation, and
opportunities to adapt through flexible policies and strategies that mimic the
diversity of environmental and human communities.

5. Transformation: Expand the institutional capacity for change through
transformative learning by challenging assumptions and actively reconfigur-
ing problem solving.

2.5.1 Conclusion

The increasing pressure from climate change (Rosenzweig et al. 2010), rapid
urbanization (UN 2014), and the rapid development of infrastructure to prepare
for these changes all pose new challenges to urban decision-makers to make
important investment decisions while navigating complexity (McPhearson et
al. 2016b). Tackling complexity and uncertainly in urban systems is challeng-
ing and will require new evidence, approaches, and tools. It will demand a new
level of collaboration among ecologists, geographers, sociologists, political
scientists, economists, planners, designers, and other disciplines to advance
the field of urban ecology into a new urban science (McPhearson et al. 2016a;
Alberti 2017). To meet this demand, scholars will need to be able to identify
examples of new practices that highlight opportunities for improving urban
resilience and sustainability at the local and global scales (McHale et al. 2015).
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Chapter 3: Understanding,
Implementing, and Tracking Urban
Metabolism Is Key to Urban Futures

Abel Chavez, Chris Kennedy, Bin Chen, Marian
Chertow, Tim Baynes, Shaoqging Chen, and Xuemei Bai

3.1 Introduction

Eighty percent of the world’s population is expected to live in urban areas by
2050 and will demand a high density of infrastructure in order to meet human
development aspirations. Occupying nearly 3 percent of the total global land
surface, cities are also the centers for nearly 80 percent of the global domes-
tic product, or GDP (UNEP 2012) (see Chapter 6). Meanwhile, cities are also
global catalysts for 50 percent of solid wastes, 75 percent of natural resource
consumption, and between 60 and 80 percent of greenhouse gas, or GHG,
emissions (UNEP 2012). These functions present a plethora of infrastruc-
ture-related opportunities for efficiency integration, as infrastructure provides
access to essential goods and services that are linked to human development
and health. Yet, infrastructure, while essential, is also the source of many envi-
ronmental problems caused through direct and indirect emissions. It is esti-
mated that present-day infrastructure is responsible for 122 gigatonnes (Gt)
CO,, with developed countries owning a per capita infrastructure footprint five
times larger than their developing country counterparts (Miiller et al. 2013).
Moreover, Miieller and colleagues estimate that if all infrastructure needs are
met using typical Western technologies, the environmental impact would
amount to 350 Gt CO,, or seven times the current global GHG emissions of 50
Gt CO,,.

Urbanization will continue to be the stimulus for new infrastructure;
although global average annual urbanization rates in 2050 are projected to
occur at half of today’s rate (from 2 percent today to 1 percent in 2050), urbani-
zation in less-developed regions will occur at an annual rate of change of approx-
imately 1.5 percent, while it will occur at a rate of more-developed regions at a
rate of 0.25 percent, leading to a continued high demand for infrastructure
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in developing regions. What is not as clear, and what is often overlooked, is
where the impacts of urbanization will be most observed. And while large
urban agglomerations, for a host of reasons, are often centers of research about
urbanization phenomena, we should also consider the suite of smaller urban
areas that are in the midst of substantial transformations of their own. Of the
global urban population, most - 51 percent - of urban dwellers reside in com-
munities of less than 500,000 inhabitants (see Figure 3.1). Moreover, by 2030,
almost 40 percent of the global urban population will be located in communi-
ties of less than 300,000 inhabitants, many of which will demand infrastruc-
ture and whose activities may incur substantial environmental impacts, if
not adequately designed. Thus, in the face of urbanization and infrastructure
development, it is imperative that we understand the effects that urbaniza-
tion and associated infrastructure development can have on the material and
energy demands associated with cities and communities everywhere. Such an
understanding may trigger efficiency gains related to the services that infra-
structure provides. One way to understand and measure changes in efficiency
gains is through the concept of “urban metabolism.”

In this chapter, we discuss the concept of urban metabolism and how it has
been and can be used to understand the resource flows and environmental
impacts associated with cities. Even though in this chapter we loosely adopt
the commonly used nomenclature of urban metabolism to represent all com-
munities, it is important to note that urban and rural communities alike, have
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Figure 3.1 Urban population by community size for cities of five unique sizes. Note that smaller
cities/communities of 500,000 inhabitants or less will continue to house the majority (approximately
50 percent) of the world’s urban population. Source: Jerker Lokrantz/Azote, modified after Chavez
(2017).
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associated metabolic flows; some scholars have begun articulating the con-
cept of community metabolisms (Chavez 2017) and rural metabolisms (Haas
and Krausmann 2015). Thus, the urban metabolism framework is a form of
modeling and assessing community processes, whether individually or in
aggregation, to gain greater understanding of material and energy flows asso-
ciated with communities. Since the seminal work of Abel Wolman (1965),
many lines of research inquiry about urban metabolism have been under-
taken, and some cities have adopted the concept to study their own resource
flows associated with material and energy in their aims to integrate efficient,
sustainable, and resilient material and energy flows. As we will show later in
this chapter, urban metabolism analysis has also undergone its own transi-
tions in terms of its definition of the urban boundary - early studies took a
strictly “boundary-limited perspective,” whereas the latest studies define the
boundary to include a community’s hinterlands, encompassing the supply
chains associated with a community. The chosen definition of boundary has
substantial impacts on the scope of resilience that must be incorporated to
hedge against resource shocks.

We will begin by presenting an overview of research focusing on urban
metabolism. Then, recalling that urban metabolism is ultimately concerned
with measuring material and energy stocks and flows, we will describe some
of the conceptual and methodological advances that have emerged from the
urban metabolism foundation. Next, we will present how communities have
and might consider incorporating the metabolism framework for sustainable
and resilient system development. Last, we will comment on the challenges
that lie ahead.

3.2 Urban Metabolism: Material and Energy Flows
3.2.1 A Historical Perspective and Updated Understanding

Urban metabolism is a socionatural metaphor originally developed in the
1960s by Abel Wolman as a form to study city-scale material and energy flows.
Though various concepts central to urban metabolism have been present since
the nineteenth century, Wolman’s work (1965), in which he attempted to
quantify the material and energy flows for a hypothetical US city of one million
people, organizes them under one idea: a city’s metabolism, which he defined
as “all the materials and commodities needed to sustain the city’s inhabitants
at home, at work and at play” (Wolman 1965). Since then, there has been an
intensification of urban metabolic research yielding several new questions and
novel understanding of city metabolic flows. Figure 3.2 represents a modern
urban metabolism concept.
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Figure 3.2 Conceptual diagram of urban metabolism. A proportion of the resources that flow into
cities become urban stock, while others enable and drive various anthropogenic functions and
eventually produce intended or unintended outputs that stay within the system boundary or are
exported beyond the boundary, with various impacts on the physical environment, flora and fauna,
and associated ecological processes. Urban metabolism is shaped and regulated by factors such as
urban policy, urban governance, culture, and individual behaviors. Source: Jerker Lokrantz/Azote,
modified after Bai (2016).

Building on Wolman’s foundation, the 1970s produced the first set of actual
urban metabolism case studies. Under the UNESCO Man and Biosphere
Program, researchers applied urban metabolism approaches in Brussels
(Duvigneaud and Denaeyer-De Smet 1977), Hong Kong (Newcombe et al. 1978)
and Tokyo (Hanya and Ambe 1976). After a hiatus in the 1980s, interest in
urban metabolism reemerged in the 1990s with research by Stephen Boyden
and Peter Newman for Australian cities (Boyden et al. 1981; Newman 1999); in
Austria and Switzerland with work by Peter Baccini and Paul Brunner (Baccini
and Brunner 1991); and with work by French ecologist Herbert Girardet
(Girardet 1992). As more studies emerged, Kennedy et al. (2007) conducted
a compariso