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Cities face a grand challenge: they must rethink themselves in the context of planetary change.
Global urban development is a prominent feature of our new geological epoch, the Anthropocene
(Crutzen and Stoermer, 2000; Ruddiman, 2013). Though scientists disagree on exactly when
the Anthropocene began (Ellis et al., 2013; Foley and Lewin, 2013), there is strong evidence of
humans’ profound effects on planetary evolution. Over the past century, the “great acceleration”
of human activities associated with rapid urbanization has initiated fundamental ecosystem shifts
that far exceed the natural range of variability exhibited during the Earth’s previous half-million
years (Steffen et al., 2015). These shifts represent uncharted territories for urban scholars, and the
assumptions made by previous dominant theories and models (i.e., that the urban systems will
respond predictably to urban pressures and to the feedbacks from environmental changes) are built
upon structures of evidence of a world that no longer exists. The emergence of complex interactions
among human, natural, and technological systems and the uncertain trajectories that characterize
urban futures require that urban scientists critically review their assumptions and expand their
capacity to ask new questions (Alberti, 2016).

Cities, now home to most of the worlds population, generate over 90% of global economy,
produce up to 75% of greenhouse gases, and consume 75% of energy and 60% of global drinking
water (UN-Habitat, 2016). Urbanization is driving systemic changes in socioeconomic (Bettencourt
et al., 2007; Bloom et al., 2008; Glaeser, 2011; Angel, 2012) and ecological systems (Alberti, 2008,
2016; Grimm et al.,, 2008a,b; McDonnell et al., 2009; Niemeld and Breuste, 2011; Forman, 2014) by
accelerating rates of interactions among people and places, multiplying numbers and strengths of
connections, and expanding the spatial scales and influences of human activities to global levels
(Young et al., 2006). It is increasingly evident that cities amplify the consequences associated with
globalization such as the movements of people and products, access to, and disruption of natural
resources, and threats to biodiversity (Lenzen et al., 2012).

The physical configurations of urban settlements are also evolving, as social and technological
accelerations promote dissolution of boundaries among areas traditionally labeled “urban,” “regional,”
“suburban,” and “rural” (UN-Habitat, 2008). Over the last century, the polycentric city structure
has emerged as centralized cities have become increasingly connected to satellite cities and rural
hinterlands, giving rise to the metropolises, the multicentric megacities, and ultimately our modern
networked megaregions (Pickett and Zhou, 2015). In concert with these structural changes, the
function of cities has also evolved. Infrastructural and technological progress, the emergence of
service- and knowledge-based economies, and the accompanying increase in teleconnections, inter-
dependence, and regional and global integration are evidences of cities’ rapid shift from industrial
productivity toward economic diversification (Ross, 2009; McGrath and Shane, 2012; McHale et al.,
2015; Pickett and Zhou, 2015).

Despite this increasing global interdependence and integration, today’s urbanizing regions
remain highly diverse with regard to physical structures, social organizations, biophysical environ-
ments, and political contexts. While there are important commonalities across many metropolitan
regions, there is also great diversity across regions and across cities of differing sizes. Today, the
fastest growing urban agglomerations are medium-sized cities and cities with less than 1 million
inhabitants that are located in the global south. The UN (2014) estimates that about half of urban
dwellers worldwide live in relatively small settlements of less than 500,000 inhabitants, as compared
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to the 1 in 8 who live in megacities of 10 million inhabitants or
more. These settlements have high relative rates of population
growth and poverty, and inadequate infrastructure and govern-
ance to face rapid growth (Birkmann et al., 2016).

Convergence and interactions of functional, structural, and
social changes result in challenges of unprecedented complexity
for city governments as they attempt to provide critical services
(Bettencourt et al., 2007; Grimm et al., 2008b). In the emerging
economies, where most urban growth is occurring, such transi-
tions, in concert with poor planning, have driven the emergence
of informal settlements such as slums (Marx et al., 2013). The
risks and opportunities posed by the urban transition are yet to
be fully defined, and thus far, they have not been the focus of
much research. Population growth, displacement and migration,
economic fluctuations and instabilities, disparities and segrega-
tions, inadequate or aging infrastructure, pollution, and health
threats associated with increasingly frequent extreme climate
events are a few of the most pressing problems (UN-Habitat,
2016). Establishing healthy urban conditions through planning,
design, and management, while ensuring a resilient and equitable
future for humanity, requires a new understanding of how the
myriad elements converge and interact to form and influence
urban functions and dynamics (McPhearson et al., 2016a). Given
the uncertainties surrounding these complex interactions, urban
decision makers need reliable empirical evidence, innovative
decision-making tools, and novel approaches: a whole new sci-
ence (Rosenzweig et al., 2010).

A SCIENCE OF CITIES

Despite the long history of cities as subjects of observation, the
systematic study of urban structures began only a hundred years
ago, since which time, scholars have advanced a variety of
framing concepts and general theories (Geddes, 1915; Burgess,
1925; Mumford, 1925; Park et al.,, 1925; Lynch, 1961; Alonso,
1964; Forrester, 1969; Boyden et al., 1981; Portugali, 2000; Batty,
2005; Bettencourt, 2013). Cities have been compared to living
systems (Geddes, 1915), biological organisms (Odum, 1971),
and ecosystems (Odum, 1975). Various efforts to describe the
city as an economic, social, or political system have depicted the
economic, social, or political dynamics, but none has attempted
to understand the interactions between those dynamics and the
ecological dimensions. Half a century ago, Jacobs (1961) referred
to the city as “organized complexity” Since then, the view that
cities are complex systems has emerged as a new challenge and
a new frontier for science (Batty, 2005, 2013). Luis Bettencourt
and Geoffrey West at the Santa Fe Institute have been working on
formalizing a new quantitative understanding of urban function
(Bettencourt and West, 2010). By examining a large set of data
on diverse aspects of urban regions, they observed that cities
exhibit scaling relationships similar to those that biologists use
to describe organisms’ molecular, physiological, ecological, and
life-history attributes (Bettencourt et al., 2007).

Scientists studying cities as complex systems are eager to
identify universal governing principles that could guide devel-
opment of a predictive theory of urban growth and change,
which would inform urban management decisions. Despite

remarkable progress in the study of urban systems over the
past few decades, however, a unified science of cities as com-
plex coupled human-natural systems has yet to be achieved.
Urban science lacks a theory of human settlements and their
functions that is grounded in empirical evidence of how the
many dimensions interact with one another (Alberti, 2016).
Do thriving cities share a particular set of common properties?
Can we identify a reliable array of features that explains such
cities’ vitality and well-being? Are there factors, such as size,
density, or form that best correlate with the health of a city?
What properties enable cities to adapt, change, and evolve? What
makes a city resilient?

To understand how cities emerge, function, and evolve,
we must study urbanization as a process that simultaneously
transforms places, populations, societies, and the environment
(Batty, 2013; Solecki et al., 2013). Despite early conceptualiza-
tions of urban systems as complex dynamic systems (Batty,
2005), empirical explorations of the relationships between agent
interactions and varying patterns of urbanization are still at an
early stage (Alberti, 2016). The pattern of urbanization is the
result of complex interactions among multiple heterogeneous
agents across multiple scales (Seto et al,, 2012). Agents are
households, businesses, real estate developers, and governmental
and non-governmental organizations that make decisions at the
individual, community, city, and regional levels. These decisions
directly and indirectly affect the natural and built environment,
which in turn influence urban dwellers and their quality of life.
Agents are also the diverse formal and informal networks that
are emerging within and across cities, expanding the capacities
of cities to address emerging problems. An example is C40, a
network of the world’s megacities created in 2005 to tackle
climate change.

Today’s unprecedented availability of highly disaggregated
data and measurements provides novel opportunities to discover
universal rules by which cities work and innovate. But, big data
and new data analytics answer only the questions that we are
able to formulate. The challenge is to turn the unprecedented
floods of data into new knowledge about urban systems and
novel insights for their effective management (Alberti, 2016).
How do we expand our lens of inquiry such that we are able
to formulate new questions? Emerging urban challenges—to
achieve equitable access to resources and services, promote
health, design and implement energy-efficient systems, adapt to
climate change, and increase livability—can be addressed only
by an integrated approach that acknowledges the intricate and
complex nature of our cities.

We have made remarkable progress in recent decades in study-
ing the diverse patterns of urbanization (Batty, 2013) and their
impacts on ecological systems. Yet the myriad interactions among
socioeconomic and ecosystem processes in urbanizing regions
remain poorly understood. Empirical studies of the mechanisms
linking urban dynamics to socio-ecological change and evolution
are limited and idiosyncratic (Alberti, 2016; McPhearson et al.,
2016a). Most empirical research still disregards the preeminence
of cities as the setting for human economic and social life. Gaps
in problem specification and differences in methodological
approaches across disciplinary boundaries, as well as variable
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definitions of terms such as urban, urbanization, and city hamper
efforts to develop a common theory and research framework. But,
advances in complex systems science and emerging studies of
coupled human-natural systems are beginning to provide power-
ful tools for uncovering general properties of cities (Bettencourt,
2013). These insights will serve as starting points for investiga-
tions of the mechanisms underlying diversity in urban societies
and environments. Building on such advances, urban scholars
have unique opportunities to integrate multiple perspectives
to better understand complex socio-ecological dynamics, their
feedbacks, and the effects of interactions on innovation in urban
and urbanizing regions.

URBAN SCIENCE CHALLENGES AND
OPPORTUNITIES

o What drives urban evolution? Are there common underlying
mechanisms and universal laws that govern urban develop-
ment, growth, and change?

o What are the emerging patterns of urbanization throughout
the globe, and what are the plausible urban scenarios for the
future? How will emerging patterns of urbanization influence
key determinants of ecological and human well-being?

« What opportunities and challenges do new technologies, real-
time sensors, and big data provide for tackling urban issues?

« What are the most promising innovative technological and
institutional solutions for transitioning to sustainable patterns
of urban development?

» What kinds of cities do we want to live in? How can we direct
urban change toward realization of such desirable future cities?

Urban systems represent a global phenomenon. And their
multiple expressions can be viewed as microcosms of the
urbanizing planet, providing urban scientists an opportunity
to explore the dynamics of socio-ecological systems and assess
different potential planetary trajectories (Grimm et al., 2008a).
Understanding the relationships between urbanization and the
well-being of humans and the environment is critical to generation
of a theory of urban sustainability and resilience (UN-Habitat,
2016). Strategic decisions about urban planning and investments
in infrastructure require synthesis of the complex and evolving
knowledge of how coupled human-natural systems work. Only
a new collaboration among scholars from diverse disciplines can
develop a research agenda that will deliver a shared framework
and generate a productive knowledge synthesis, connecting
recent advancements in complex systems science, economics,
ecology, evolutionary biology, engineering, and urban design and
planning. Such synthesis is essential to transforming the study of
cities into an integrative urban science to address the challenges
confronting humanity in an urbanizing world.

Modeling and simulation have emerged as important tools
for advancement of knowledge synthesis in urban science. New
approaches for strategic foresight can also further address the
limitations of prediction tools in dealing with high levels of
uncertainty. The emergence of big data and rapid development
in high-resolution monitoring instruments and computing
power have the potential to provide planners with new capacity

to anticipate and prepare for the future (Masson and Knutti,
2011). Diverse modeling platforms are advancing new con-
cepts and methods—ranging from network science to machine
learning—to integrate diverse data streams. Simulation models
that more realistically represent heterogeneous human behav-
iors and complex decisions can more effectively support both
short- and long-term urban planning (Alberti and Waddell,
2000; An, 2012).

Current computer models of human interactions with bio-
physical processes, while increasingly sophisticated, still only
provide crude representations of human activities, and are par-
ticularly poor at characterizing systems with multiple feedbacks
(Victor, 2015). Thus far, hypotheses about the emergent behaviors
of coupled human-natural systems have not been formally tested.
Modeling such hypotheses is difficult, given the array of inter-
acting factors at play. Drivers such as climate change, economic
development, urban patterns, built infrastructure, and planning
interact across multiple spatial and temporal scales, resulting
in the emergence of regime shifts, of which flooding, loss of
biodiversity, and economic reorganizations are a few examples.
While any one driver—effect relationship may be reasonably
modeled, integration of multiple domains is far more challeng-
ing: interactions are often non-linear, and threshold effects,
discontinuities, and compounding effects prevail within domains
of interest. Capturing such non-linearity—and the underlying
interactions—and detecting proximity to critical thresholds
demands development of new techniques. Furthermore, several
feedback mechanisms are seen in the setting of interactions
within and between biophysical and urban processes: negative
dampening forms tend to stabilize systems (e.g., real estate
markets), while positive forms promote unstable conditions and
catastrophic changes (e.g., extinction of species).

Despite important progress made in modeling dynamic,
multi-agent social and ecological systems, simulating emergent
behaviors and predicting long-range futures remain significant
research challenges because the interactions between drivers
are highly complex and uncertain. Modeling approaches that
encapsulate agent-level processes and spatially explicit dynamics
will be much more likely to reflect the natures of these emergent
properties than will abstract, aggregate approaches (Verburg,
2016). Furthermore, the evolutionary trajectories of urban devel-
opment and ecosystem processes are shaped by prior conditions,
but many standard modeling approaches assume cross-sectional
equilibrium conditions, and are therefore insensitive to path
dependence. These present unprecedented opportunities to
answer complex cross-disciplinary questions about urban
systems.

The rapidly maturing “Internet of Things”—an extensively
networked deployment of sensors and information technol-
ogies—opens new avenues for conceptualization and realization
of cities that are efficient, sustainable, equitable, and livable
(Townsend, 2013; Kitchin, 2014; Ratti and Claudel, 2016). Local
governments and agencies are employing big data and analytics
technologies to optimize infrastructure management and service
delivery. Connections and transparency between users and ser-
vice providers already relies on digital and mobile technologies,
and adoption of enabling technologies has emerged as a potent
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shaper of human behavior patterns (e.g., the use of social media
via smart phone apps for real-time communication to emergency
responders during disasters). At larger scales, novel technologies
provide new opportunities for businesses to experiment with
promising new economic models, which can maximize their
efficiency, resulting in success that can translate as additional
resources and new income for city residents [President’s Council
of Advisors on Science and Technology (PCAST, 2016)]. Building
on the unprecedented opportunities that big data offer to under-
standing the mechanisms driving urban systems will allow urban
scientists to inform development of innovative technologies
and planning strategies for transitioning toward sustainable and
resilient cities.

Urban scientists have the opportunity to play an important
role in providing the knowledge and laying the groundwork for
such transitions (McPhearson et al., 2016b). For countries to suc-
ceed in meeting the CO, emission reduction targets established
by the Climate agreement in Paris (COP21) and in implementing
the New Urban Agenda adopted at Habitat III in Quito, Ecuador
(October 2016), urban regions will need to take significant steps in
transitioning to low-carbon economies and sustainable pathways.
Strategies to move rapidly and effectively in such directions must
be based on the best available scientific evidence. Whether urban
scientists will be heard depends, in great part, on our capacity
to both achieve rapid progress in the field and establish a new
partnership between science and society (Acuto, 2016).

A NEW JOURNAL FOR A NEW URBAN
SCIENCE

Urban science is an emerging field that is poised at the inter-
section of the social, natural, and data sciences (Batty, 2013;
Bettencourt, 2013; Solecki et al., 2013; Alberti, 2016; McPhearson
et al, 2016a). It applies an interdisciplinary approach for
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