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Introduction

As is well known, the world is in the middle of an extraordinary burst of urbanization, a
global urban transition that accelerated through the 20th century. The world passed 50% of
total population living in cities early in the 21st century, and is projected to complete the
rural to urban transition over the next few decades. Cities are seeing explosive growth in
terms of population, GDP share, and environmental impacts. At the same time the climate
crisis is now fully on us, with climate-change induced disasters reported almost every week,
and a rapidly diminishing window of time in which decisive action may yet avert the worst
impacts, or at least avoid a self-reinforcing and unstoppable acceleration of climate change.

Urbanization transforms lives and livelihoods, economic change, resource consumption,
and environmental impacts, and urban scholarship is growing in importance in global
assessments such as those of the IPCC, and within UN development pathways, such as the
SDGs, and well as in NGO work (OECD, 2015; United Nations, 2015; OECD and European
Commission, 2020; World Bank, 2023). In this context there is greatly increased research
interest in modeling different possible scenarios and pathways of future development, and
there are increasing efforts to capture observations, theorize, and model urban change. Yet
research on the potential role of cities in shaping different global futures is still relatively
under-developed. This is not at all surprising, given the complexity of the task, serious data
limitations, and the wide range of possible outcomes.

This Research Topic seeks to examine some of the challenges and potentials of a research
agenda focused on developing better theories, models and observations of urban expansion
as a component of scenario building to help understand possible global developmental
pathways in the context of rapid urban transition and climate crisis. Papers in the issue
explore the question of what can we say given the limits of data, theories and models about
future urbanization. It includes attempts that use various data and theories to model urban
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futures at multiple scales. There are clearly major challenges in
developing detailed models and scenarios that incorporate climate,
urbanization, and development processes. This Research Topic
serves as an exploration of some of these challenges, with a focus
on issues of scale, land conversion, social justice, and vulnerability.
We suggest that this provides some useful insights into the
challenges and potential value of integrating urban spatial
expansion scenarios with climate scenarios and development
models and points to several priorities for future work.

This introduction will briefly overview some of the challenges of
defining cities, conceptualizing urbanization and projecting future
urban worlds before presenting comments on the papers in the issue.

Defining cities: urban descriptive
indicators

There is no consensus on the definition of cities and there are
a number of methods used to identify and measure them
(Marcotullio and Solecki, 2013; Deuskar, 2015). For example,
the UN uses the definitions of urban established by each member
country, which vary greatly (UN, 2018). As such, scholars use a
number of different data sources to identify, describe and analyze
urban centers and their growth. Examples include population
size, population density, economic sectoral activity, and
infrastructural footprint.

The UN has been able to claim the most authoritative
information on urban growth (Brockerhoff, 1999). The UN
population and urbanization revisions published regularly are
among the world’s leading sources of data for urban population
research. These data show that urbanization over the past several
decades has been underpinned by explosive population growth.
Between 1990 and 2020, over 2 billion people were added to the
world’s cities. This 30-year addition is larger than the total global
urban population in 1985. Moreover, while the world’s total
population grew, the urban population grew much faster. For
example, in 1990, the urban population accounted for about 43%
of the total population, but by 2020, the share grew to over 56% (UN,
2018). UN data also suggests that urban population growth has
taken place across the world, but over the past several decades has
been led by the less developed nations, which accounted for over
92% of urban growth since 1990. The Asian region experienced the
most intense urbanization, accounting for over 63% of this increase
(UN, 2018). African urban population expansion accounted for
approximately 18% of the urban growth and Latin America and the
Caribbean accounted for another 11%. The remaining urban
population growth was experienced in the developed world:
North America (5%), Europe (2.5%), and Australia and
New Zealand (0.5%).

Since around 2000, there has been another useful dataset for
analyzing urban growth. With the use of satellite imagery, arterial
photos and other sources, urban footprints have been identified at
the global scale. The Global-Rural-Urban-Mapping Project
(GRUMP) was one of the first efforts to outline urban areas
around the world (CIESIN and Center for International Earth
Science Information Network, 2004). Other global datasets
include, inter alia, the GlobCover (Arino et al., 2007), the
History Database of the Global Environment project (Goldewijk

et al., 2011; Goldewijk et al., 2017), the MODIS 1-km project
(Schneider et al., 2010) and the Global Urban Footprint (Esch
et al., 2014). The availability of satellite imagery and advancing
techniques for classification have allowed for improvements in
global urban land use estimations. A recent set of data has
supplanted most other efforts. The Global Human Settlement
Layer (GHSL) includes several global urban footprint areas (1975,
1990, 2000, 2015). The GHSL data demonstrate that urban land
areas are growing rapidly all around the world. From 1975 to 2015,
urban settlements expanded in size approximately 2.5 times, while
population increased by a factor of 1.8, indicating ongoing
significant reductions in overall urban population densities
(Pesaresi et al., 2016). More recent urban footprint estimations
suggest that nearly 70% of total urban expansion between
1992 and 2015 occurred in Asia and North America (Liu et al.,
2020). Expanding the usefulness of this work is the inclusion of
population figures with the urban land area (i.e., GRUMP, GHSL,
Global Urban Footprint), which allows for a platform to
contextualize the relationship between land use change and
population growth.

Significant for both urban land use and urbanization studies is
the emergence of large urban agglomerations. In the literature, these
are called megacities and are usually defined as urban areas with
populations of 10 million or more inhabitants (Fuchs et al., 1994;
Sorensen and Okata, 2011; Labbé and Sorensen, 2020). Most
recently, attention has focused on the emergence of even larger
polycentric urban megaregions and mega-conurbations (Taylor and
Pain, 2007; Harrison and Hoyler, 2015; Friedmann and Sorensen,
2019). These phenomena were identified by population and those
examining urban land use footprints (Schweitzer and Steinbrink,
1998) and has been a focus of early studies of urban land use growth
(Clarke et al., 1997; Seto and Fragkias, 2005; Taubenböck et al., 2008;
Angel, 2012). These studies suggest that megacity emergence has
been tied closely with modern globalization, which provided flows of
capital and finance, goods, services, people, and ideas into highly
networked cities (Lo and Yeung, 1998; Lo and Marcotullio, 2001).
Megacity growth was also encouraged by advances in transportation
technologies (Rimmer, 1998). Although there is variation in the
growth patterns and dynamics within these cities, one commonality
is that these large urban centers are voracious consumers of goods
and services and are significant drivers of local, regional and global
environmental impact (Wackernagel and Rees, 1995; Decker et al.,
2002; Rees, 2020).

With the study of urban land use change and population growth
urban scholars emphasize the importance of gradients of population
density as an important urban indicator and dynamic stressor. Early
work focused on population density as a mitigating factor for urban
sustainability (Newman and Kenworthy, 1989; Ewing, 1997;
Williams et al., 2000). Further work suggested that population
density cannot be analyzed successfully in isolation of a large set
of issues found in the built and natural environment (Churchman,
1999; Boyko and Cooper, 2011). Nevertheless, recent research
suggests that most urban regions exhibited a trend of decreasing
urban population densities, suggesting expansive urban growth
patterns. Compared to larger cities, small-medium urban areas
with populations of less than 2 million have greater declines in
urban population densities and higher rates of urban land expansion
(Gu€neralp et al., 2020).
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Finally, economists have long argued that urban economies
are special (Alonso, 1964; Spiegelman, 1966). Currently, the
world’s cities generate approximately 80% of the global Gross
Domestic Product (GDP) (World Bank, 2023). Such importance
is attributed to the economic advantages that cities offer which
have a significant pull on populations, even in less developed
nations with low economic growth (Scott and Storper, 2015;
Henderson et al., 2021). There are few studies that have
attempted to spatialize urban economic activity over regions.
This lack of research is due to the lack of GDP data at the city,
county and provincial levels, particularly for developing
countries. Recently, gridded datasets for GDP have been
developed for 1990 to 2015 (Nordhaus, 2011; Geiger et al.,
2017; Kummu et al., 2018). These studies aim to provide
economic data for use in other modeling exercises, including
integrated assessment models and scenario work, as in the paper
by Murakami et al. in this Research Topic (Murakami et al.).

Integrating these four factors (population, land use, density and
economic activity) in historical models of urbanization remains an
important Research Topic. Theories that describe and explain
urbanization patterns are key to this effort. We next turn to a
brief overview of selective urbanization concepts.

Understanding the past: urbanization
theories

Urbanization theories include, inter alia, three general aspects.
The movement of people and economic activity into and through
cities, the dimensions and cycles of these processes, and the evolving
configurations of urban forms and infrastructures as cities grow.
Economists, demographers, geographers and others have developed
models for each aspect.

The flows of people, finance, information into and through cities
has been examined through urban connectivity and the emergence
of urban hierarchies, which begin as least as early as 1915 with the
examination of settlement connections in rural Wisconsin,
United States (Galpin, 1915), but blossomed with the work at the
regional level by Christaller (1966) and those that followed (see, for
example, Losch, 1954; Berry, 1967; Berry and Horton, 1970; Preston,
1971; Bromley and Bromley, 1979). Starting in the late 1980s,
scholars extended the concept of urban hierarchy to the
international level with the work on global cities (King, 1980;
Friedmann, 1986; King, 1990; Sassen, 1991; Sassen, 2001; Taylor,
2006). All these studies recognized that cities were systems and
systems within systems (Berry, 1964). That is, they recognize that
cities do not function in isolation, but exhibit strong
interdependencies with their hinterlands, national counterpart
cities and international connections. Within these inter-
connections, however, there is also hierarchy. During the current
era, the global city, those that contain most of the command-and-
control functions of the global economy sit on the top of the
hierarchy (Friedmann, 1986; Taylor, 2006). These cities are
connected to other cities through financial flows, labor,
knowledge and information and supply chains.

The types of connections, their directionality, and the details
of the attributes of “global cities” continue to be a fruitful area for
urban analysts. Indeed, the nature of urbanization and urban

change is now more dependent on the global economy than ever
before (Hall, 2020). A large and growing number of studies
published on cities address aspects of globalization, world
systems, the emergence of a world city system and “world city
formation” [for a review see Sassen (2001); Brenner and Keil
(2006)]. The connections between cities have recently been
conceptualized using the teleconnections concept, borrowed
from atmospheric science and the intensity of such
connections remain an important area of study (Seto et al.,
2012). Including these influences into urbanization modelling
is critical for providing accurate predictions of urban growth
patterns.

The second key principle focuses on the urbanization process
focusing on the occurrence of cycles of development. Urbanization
occurs within the demographic transition (Bongaarts, 2009), as these
different processes interact and mutually affect each other. The
urbanization process itself, however, is not unidirectional. Research
has identified cycles and stages of the urbanization process and
individual cities (Klaassen et al., 1981; Geyer and Kontuly, 1993;
Champion, 2000). These models have brought clarity to
understanding the growth of cities and suburbs and even the loss
of urban populations. The theories, however, were developed from
analyzes of the urbanization process in the more developed world,
and may be of less use in less developed countries (Henderson and
Turner, 2020).

The third key principle relates to urban form and its
variation across regions and cultures. Originally theories of
concentric zones (Burgess, 1925) sector models (Hoyt, 1939)
multiple nuclei (Harris and Ullman, 1945) and post-industrial
forms emphasized the development of land use patterns and
their growth within cities of North America. These models were
subsequently altered and adopted for cities in Europe (Mann,
1965; Kearsley, 1983), Asia (McGee, 1967; Gaubatz, 1998;
Brunn et al., 2003; Ma and Wu, 2005), Latin America, (Ford,
1996), and Africa (Lemon, 1981). Given the differentiation of
forces at play in shaping urban form across the world, the
heterogeneity among cities has grown despite the
homogenization of globalization forces. While there are
generalized spatial patterns evident across cities of the world
and even within national borders, there are also significant
differences across a number of different urban form qualities
(Jenks et al., 2008; Sorensen and Okata, 2011).

Current urban theory has likened urban areas to ecosystems
(Grimm et al., 2008; Newman and Jennings, 2012; Acuto and Leffel,
2021), which has significant urban form implications. This notion,
borrowed from ecological biology emphasizes systematic linkages
and interrelations, but allows for diverse outcomes, depending upon
the number, strength, and dynamics of inter-linked factors. Hence,
under this notion, urban form and infrastructure, and land use
patterns can be analyzed through different systems,
i.e., transportation systems (Newman and Kenworthy, 1999).
Changes in urban form and infrastructure can simultaneously
affect multiple sectors, such as buildings, energy, and transport.

Integrating these definitions and theories of urbanization into
models that project future urban development has been challenging.
Over the past several years, new frameworks have emerged that have
pushed this agenda forward. We next turn to selected urban futures
projection efforts.
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Projecting into the future: urban spatial
modeling

Urban growth models have been developed and extensively
adopted to study urban expansion and its impact on the
environment (Li and Gong, 2016). Three classes of urban growth
models include land use/transportation models, the cellular
automata (CA) model (Aburas et al., 2016) and the agent-based
models (Batty, 2009). What is common to these models is the use of
economics, geography, sociology, and statistics to explore the
mechanisms of urban evolution and feedback of the urban
system. So far, the use of these types of models is largely limited
to single cities or metropolitan areas or regions. They are also limited
in terms of their projection periods.

Regional and global efforts in the development of scenarios have
caught the attention of many researchers and are the focus of several
of the articles in the Research Topic. They are based upon a scenario
framework developed by the global climate community and extend
projections to 2100 (Moss et al., 2008). The Representative
Concentration Pathway (RCPs) provide different climate change
related visions from lower carbon dioxide (CO2) emissions in the
future than today that keep the global temperature at around
1°C–2°C higher than 1850 levels to very high levels of CO2

emissions that put the global mean temperatures at 3°C–5°C
higher than 1850 levels in 2100 (van Vuuren et al., 2011). The
Shared Socio-economic Pathway (SSP) scenarios provide a
development time frame from 1990 to 2100. The SSPs describe
alternative socio-economic and demographic futures. Each SSP
scenario represents a plausible future and the set of scenarios as
a whole addresses uncertainty by incorporating a wide range of
possibilities (Jiang and O’Neill, 2017; KC and Lutz, 2017; Riahi et al.,
2017). The SSPs are an ensemble of a variety of development
pathways. Together with the RCPs they provide a framework for
exploring different climate-development scenarios with implications
for urban mitigation and adaptation.

These data have been useful for creating models of urban land
use growth at the global and regional scale when all that is modeled
in urban land use change and urban population (Huang et al., 2019;
Chen et al., 2020). They tend to be less reliable for identifying
detailed urban change at the very local or even the metropolitan
scales (Rohat et al., 2019). There is therefore a need to develop new
models for long term exploratory projection that could be used at
these local scales.

Papers in the issue

The papers in this issue span a variety of methods and scales. We
describe the papers starting with one that examined small and
medium sized cities and end with the development of global
urban economic projections. Each paper has important research
and methodological findings.

The paper by Jaoude et al. “Understanding land take in small
and medium-sized cities through scenarios of shrinkage and growth
using autoregressive models,” examines and models patterns of land
development, shrinkage, and sprawl of small and medium sized
cities in Southern Germany. Studies of urban sprawl have long
shown that low-density sprawling areas consume far higher

amounts of energy per capita than higher-density mixed-use
areas, but in the longer run even more important is the higher
infrastructure costs and the diversion of land from agricultural and
natural heritage system uses (Whyte, 1968; Ewing, 1997). Land
conversion to urban uses tend to create enduring patterns that are
difficult and costly to reverse, not just because of sunk costs in
associated infrastructure, land contamination, and destruction of
ecological functions, but also higher land values that generate
powerful incentives for further urban development and
investment to maintain those higher values (Shatkin, 2017;
Sorensen, 2018). As there are serious disincentives to turning a
housing development back into a pasture, it has long been argued
that managing land conversion to urban uses is a basic planning
issue, especially for long-term questions (Girardet, 1999; Clifton
et al., 2008). The authors show that in southern Germany the
increase in urban land area continues even with population
shrinkage, and that although higher-density developments do
help reduce land take it is not enough to simply encourage
higher densities of development and functional mix to be able to
reduce the environmental burdens of sprawl type development,
particularly in an era of widespread ownership and use of
automobiles. They conclude that planning policies encouraging
high density development and greater functional mix were not
sufficient to reduce the amount of land conversion to urban uses.
They also show that there is a much greater heterogeneity of towns
than earlier approaches had suggested. Particularly useful here is the
research method combining the TOPOI approach to classifying
settlements (Carlow et al., 2022) with spatial autoregressive models
to compare different scenarios of growth and shrinkage.
Heterogeneity of spatial development patterns and of land take
for urban uses present major challenges and opportunities for
models and scenarios of future urbanization.

Balk et al. in their paper “Frameworks to envision equitable
urban futures in a changing climate: A multi-level, multidisciplinary
case study of New York City”, develop an approach to modeling the
Shared Socio-economic Pathways (SSPs) combined with scenarios
driving climate change at urban scales known as Representative
Concentration Pathways (RCPs). Vulnerability factors in urban
areas see highly heterogeneous spatial patterns, and it is not a
simple matter to take these meaningfully into account in models
and scenarios of urban processes over extended periods. But as is
well known, poverty, racialized populations, and environmental
vulnerability routinely co-vary in patterns referred to as
environmental racism (Bullard, 2005; Bullard, 2007). At the same
time, socio-spatial polarization has increased sharply in most urban
areas in recent decades, and urban geographies exhibit high spatial
variability in risk factors. Most climate modeling tends to generalize
cities, assuming that they are internally similar, but they are actually
much more complex, and internal variability in vulnerability and
adaptive/mitigation capacity are likely to be extremely important
factors in structuring disaster risk within and between urban areas.
This paper reviews existing approaches to modelling risk factors,
and develops a conceptual framework to push thinking “towards a
planning future that takes into account intersecting vulnerability
indicators” at multiple scales within urban areas. The authors urge
more attention to long-term modelling efforts in support of policies
to mitigate environmental risks and vulnerabilities from the
neighborhood to the city-regional scales.
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In the paper “Global urban exposure projections to extreme
heatwaves” (Marcotullio et al.) the authors model and develop
projections of the range in the size of potentially exposed
populations and the locations of the most vulnerable providing
useful analysis in support of adaption efforts. The paper projects the
ranges of population exposed to heatwaves at varying levels to
2100 for three future time periods (2010–2039, 2040–2069,
2070–2099) using the Shared Socio-economic Pathways (SSPs)
and the Representative Concentration Pathways (RCPs).
Unsurprisingly, the most vulnerable are urban areas in South
Asia and Africa, areas that are currently among the fastest
growing, poorest, with highest social polarization, and with
greatest shortfalls in basic infrastructure. The paper shows that in
the 2070–2099 period, over 3.5 billion people will be exposed to
extreme heatwaves (>42°) even under the sustainability scenario
(RCP2.6-SSP1), and those numbers only climb with greater
projected climate change. As with all long-term projections, this
is not a prediction, but scenario projections designed help to indicate
the likely ranges of impacts. The projected geographies of greatest
vulnerability provide potentially valuable and actionable insights
when used in combination with more detailed spatial models of
urbanization, and of internal variability of vulnerability within cities.

A completely different approach is seen in the paper “Gridded
GDP Projections Compatible With the Five SSPs (Shared
Socioeconomic Pathways)” (Murakami et al.) that disaggregates
long-term national GDP projections to a 1/12° grid scale to
create spatially detailed projections of GDP. As they argue, such
projections will be essential for many other types of modelling
efforts. It is well known that GDP projections past about 12 months
are extremely unreliable, because unpredictable stuff happens, but
GDP is such an important input to many other models that the
development of methods such as this to disaggregate GDP spatially
will be essential. The approach taken here is to downscale global
historical GDP data from 1850 to 2010, and then to use that basis of
spatially disaggregated GDP data to develop future scenarios of
disaggregated GDP for each of the five SSPs. This requires estimates
of population and spatial growth of cities to 2100 for each SSP
scenario based on demographic projections and the gridded
historical GCP data, a challenging exercise in itself. As with the
other models and scenarios developed in this Research Topic, this is
not seen as a prediction, but as scenario development that is useful in
revealing a range of likely possible futures, in highlighting the
challenges and significance of spatially disaggregated GDP
projections for scenario building, and as a basis on which to
build more robust models and approaches in future.

Conclusion

The papers in this Research Topic tackle important challenges of
model building and scenario development from several perspectives,
and at a range of scales from the neighborhood to global scale. At the
global scale, the results suggest the usefulness of the SSP-RCP

scenario framework. The two studies at this scale provide
interesting and useful insights into current and future
development and also significant knowledge gaps. At the scale of
the city and metropolitan area, however, other means of projecting
future urbanization are needed and have yet to be adequately
developed. For example, further studies developing scenarios for
the evolving impacts of migration, of rising sea levels, of evolving
urban forms and settlement patterns, of urban socio-technical
systems change, of economic change, and of evolving travel-to-
work patterns all will help contribute to better understanding of
possible global urban futures.

All these studies are critical. As the world moves towards
higher levels of urban population and increasing risk of multi-
scale environmental change that potentially could disrupt
fundamental human support systems, we need research that
provides insights into lower impact, efficient and resilient
development. Once a city is built, its physical form and land
use patterns can be extremely durable, perpetuating
unsustainable (or sustainable) patterns of development and
high (or efficient) infrastructure costs. The expansion of urban
land consumption has already outpaced population growth by as
much as 50% and on current trends may add 1.2 million km2 of
new urban built-up area to the world by 2030. Such development
threatens to put pressure on land and natural resources, and puts
lives and livelihoods at risk.

The research in this Research Topic point to several different
alternatives to addressing these issues, but many more exist. If the
past and current trends are a good predictor of the future, there
will be increasing complexity with urban development and
models should reflect those characteristics. Much more work
is needed in this area.

Author contributions

PM and AS conceptualized, wrote and edited the paper.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Frontiers in Built Environment frontiersin.org05

Marcotullio and Sorensen 10.3389/fbuil.2023.1194813

https://www.frontiersin.org/articles/10.3389/fbuil.2022.947496/full
https://www.frontiersin.org/articles/10.3389/fbuil.2021.760306/full
https://www.frontiersin.org/journals/built-environment
https://www.frontiersin.org
https://doi.org/10.3389/fbuil.2023.1194813


References

Aburas, M. M., Ho, Y. M., Ramli, M. F., and Ashaari, Z. H. (2016). The simulation and
prediction of spatio-temporal urban growth trends using cellular automata models: A
review. Int. J. Appl. Earth Observation Geoinformation 52, 380–389. doi:10.1016/j.jag.
2016.07.007

Acuto, M., and Leffel, B. (2021). Understanding the global ecosystem of city networks.
Urban Stud. 58 (9), 1758–1774. doi:10.1177/0042098020929261

Alonso, W. (1964). Location and land use. Cambridge: Harvard University Press.

Angel, S. (2012). Planet of cities. Cambridge, Mass: Lincoln Institute of Land Policy.

Arino, O., Gross, D., Ranera, F., Bourg, L., Leroy, M., Bicheron, P., et al. (2007).
“GlobCover: ESA service for global land cover fromMERIS,” in 2007 IEEE International
Geoscience and Remote Sensing Symposium, Barcelona, Spain, 23-28 July 2007.

Batty, M. (2009). “Urban modeling,” in International encyclopedia of human
geography. Editors N. Thrift and R. Kitchin (Oxford, UK: Elsevier), 51–58.

Berry, B. J. L. (1967). Geography of market centers and retail distribution. Englewood
Cliffs, NJ: Prentice-Hall.

Berry, B. J. T. (1964). Cities as systems within systems of cities. Pap. Regional Sci.
Assoc. 13, 146–163. doi:10.1007/bf01942566

Berry, B. J. T., and Horton, F. E. (1970). Geographic perspectives on urban systems.
Englewood Clifffs, NJ: Prentice Hall.

Bongaarts, J. (2009). Human population growth and the demographic transition.
Philosophical Trans. R. Soc. B 364, 2985–2990. doi:10.1098/rstb.2009.0137

Boyko, C., and Cooper, R. (2011). Clarifying and re-conceptualizing density. Prog.
Plan. 76, 1061.

N. Brenner and R. Keil (Editors) (2006). The global cities reader (London and New
York: Routledge).

Brockerhoff, M. (1999). Urban growth in developing countries: A review of
projections and predictions. Croissance urbaine dans les pays en voie de
developpement: Recapitulation des previsions et predictions. El crecimiento urbano
en los paises en desarrollo: Examen de las proyecciones y predicciones. Popul. Dev. Rev.
25 (4), 757–778. doi:10.1111/j.1728-4457.1999.00757.x

Bromley, R., and Bromley, R. D. F. (1979). Defining central place systems through the
analysis of bus services: The case of Ecuador.Geogr. J. 145, 416–436. doi:10.2307/633211

S. Brunn, J. Williams, and D. Zeigler (Editors) (2003). Cities of the world (Lanham
MD: Rowman & Littlefield).

Bullard, R. D. (2007). Growing smarter: Achieving livable communities, environmental
justice, and regional equity. Cambridge, Mass: MIT Press.

Bullard, R. D. (2005). The quest for environmental justice: Human rights and the
politics of pollution. 1st ed. San Francisco: Sierra Club Books.

Burgess, E. (1925). “The growth of the city,” in The city. Editors R. Park and E. Burgess
(Chicago: University of Chicago Press), j47–j62.

Carlow, V., Mumm, O., Neumann, D., Schneider, A.-K., Schröder, B., Sedrez, M., et al.
(2022). Topoi – a method for analysing settlement units and their linkages in an
urban–rural fabric. Environ. Plan. B Urban Anal. City Sci. 49 (6), 1663–1681. doi:10.
1177/23998083211043882

Champion, A. (2000). “Urbanization suburbanization counterurbanization and
reurbanization,” in Handbook of urban studies. Editors R. Paddison and W. Lever
(California: Sage).

Chen, G., Li, X., Liu, X., Chen, Y., Liang, X., Leng, J., et al. (2020). Global projections of
future urban land expansion under shared socioeconomic pathways. Nat. Commun. 11
(1), 537. doi:10.1038/s41467-020-14386-x

Christaller, W. (1966). Central places in southern Germany. Englewood Cliffs, NJ:
Prentice Hall.

Churchman, A. (1999). Disentangling the concept of density. J. Plan. Literature 13 (4),
389–411. doi:10.1177/08854129922092478

CIESIN, and Center for International Earth Science Information Network (2004).
Global rural–urban mapping project (GRUMP) alpha version: Urban extents. Columbia:
Columbia University.

Clarke, K. C., Hoppen, S., and Gaydos, L. (1997). A self-modifying cellular automaton
model of historical urbanization in the San Francisco Bay area. Environ. Plan. B Plan.
Des. 24 (2), 247–261. doi:10.1068/b240247

Clifton, K., Ewing, R., Knaap, G., and Song, Y. (2008). Quantitative analysis of urban
form: A multidisciplinary review. J. Urbanism Int. Res. Placemaking Urban Sustain. 1
(1), 17–45. doi:10.1080/17549170801903496

Decker, E. H., Elliott, S., and Smith, F. A. (2002). Megacities and the environment. Sci.
World 2, 374–386. doi:10.1100/tsw.2002.103

Deuskar, C. (2015). What does urban mean?, ed. The World Bank. Available at:
https://blogs.worldbank.org/sustainablecities/what-does-urban-mean: Sustainable
Cities.

Esch, T., Marconcini, M., Marmanis, D., Zeidler, J., Elsayed, S., Metz, A., et al. (2014).
Dimensioning urbanization - an advanced procedure for characterizing human

settlement properties and patterns using spatial Network analysis. Appl. Geogr. 55,
212–228. doi:10.1016/j.apgeog.2014.09.009

Ewing, R. (1997). Is Los Angeles style sprawl desirable? J. Am. Plan. Assoc. 63 (1),
107–126. doi:10.1080/01944369708975728

Ford, L. (1996). A new and improved model of Latin American city structure. Geogr.
Rev. 86 (3), 437–440. doi:10.2307/215506

Friedmann, J., and Sorensen, A. (2019). City unbound: Emerging mega-conurbations
in Asia. Int. Plan. Stud. 24 (1), 1–12. doi:10.1080/13563475.2019.1555314

Friedmann, J. (1986). The world city hypothesis. Dev. Change 17, 69–83. doi:10.1111/
j.1467-7660.1986.tb00231.x

R. J. Fuchs, E. Brennan, J. Chamie, F.-c. Lo, and J. Uitto (Editors) (1994). Mega-city
growth and the future (Tokyo: United Nations University Press).

Galpin, C. J. (1915). Social anatomy of an agricultural community. Madison:
University of Wisconsin Agricultural Experiment State Research Bulletin.

Gaubatz, P. (1998). Understanding Chinese urban form. Built Environ. 24 (4),
251–270.

Geiger, T., Daisuke, M., Frieler, K., and Yamagata, Y. (2017). “Spatially-explicit gross
cell product (GCP) time series: Past observations (1850-2000) harmonized with future
projections according to the shared socioeconomic pathways (2010–2100),” in GFZ
data services (Potsdam, Germany: Potsdam Institute for Climate Impact Research).

Geyer, H., and Kontuly, T. (1993). A theoretical foundation for the concept of differential
urbanization. Int. Regional Sci. Rev. 15 (12), 157–177. doi:10.1177/016001769301500202

Girardet, H. (1999). “Sustainable cities: A contradiction in terms?,” in The earthscan
reader in sustainable cities. Editor D. Satterthwaite (London: Earthscan), 413–425.

Goldewijk, K. K., Beusen, A., Doelman, J., and Stehfest, E. (2017). Anthropogenic land
use estimates for the Holocene – hyde 3.2. Earth Syst. Sci. Data 9, 927–953. doi:10.5194/
essd-9-927-2017

Goldewijk, K. K., Beusen, A., van Drecht, G., and de Vos, M. (2011). The HYDE
3.1 spatially explicit database of human-induced global land-use change over the past
12,000 years. Glob. Ecol. Biogeogr. 20 (1), 73–86. doi:10.1111/j.1466-8238.2010.00587.x

Grimm,N.B., Faeth, S.H.,Golubiewski,N. E.,Redman,C. L.,Wu, J., Bai, X., et al. (2008).Global
change and the ecology of cities. Science 319 (5864), 756–760. doi:10.1126/science.1150195

Gu€neralp, B., Reba, M., Hales, B. U., Wentz, E. A., and Seto, K. C. (2020). Trends in
urban land expansion, density, and land transitions from 1970 to 2010: A global
synthesis. Environ. Res. Lett. 15 (4), 044015. doi:10.1088/1748-9326/ab6669

Hall, P. (2020). “The sustainable city in an era of globalization,” in The human
sustainable city: Challenges and perspectives from the habitat agenda. Editors B. Forte,
L. F. Girard, M. Cerreta, and P. D. Toro (London: Routledge), 55–69.

Harris, C., and Ullman, E. (1945). The nature of cities. Ann. Am. Acad. Political Soc.
Sci. 2442, 7–17. doi:10.1177/000271624524200103

Harrison, J., and Hoyler, M. (2015). Megaregions globalization’s new urban form?
Cheltenham, UK: Edward Elgar, 270.

Henderson, J. V., Nigmatulina, D., and Kriticos, S. (2021). Measuring urban economic
density. J. Urban Econ. 125, 103188. doi:10.1016/j.jue.2019.103188

Henderson, J. V., and Turner, M. A. (2020). Urbanization in the developing world.
Am. Econ. Assoc. 34 (3), 150–173. doi:10.1257/jep.34.3.150

Hoyt, H. (1939). The structure and growth of residential neighborhoods in American
Cities. Washington DC, USA: Federal Housing Administration.

Huang, K., Li, X., Liu, X., and Seto, K. C. (2019). Projecting global urban land
expansion and heat island intensification through 2050. Environ. Res. Lett. 14, 114037.
doi:10.1088/1748-9326/ab4b71

M. Jenks, D. Kozak, and P. Takkanon (Editors) (2008). World cities and urban form:
Fragmented, polycentric, sustainable? (London, New York: Routledge).

Jiang, L., andO’Neill, B.C. (2017).Global urbanizationprojections for the shared socioeconomic
pathways. Glob. Environ. Change 42, 193–199. doi:10.1016/j.gloenvcha.2015.03.008

Kc, S., and Lutz, W. (2017). The human core of the Shared Socioeconomic Pathways:
Population scenarios by age, sex and level of education for all countries to 2100. Glob.
Environ. Change 42, 181–192. doi:10.1016/j.gloenvcha.2014.06.004

Kearsley, G. (1983). Teaching urban geography, the Burgess model. N. Z. J. Geogr. 12,
10–13. doi:10.1111/j.0028-8292.1983.tb00142.x

King, A. D. (1990). Urbanism, colonialism, and the world economy: Cultural and
spatial foundations of theWorld urban system. London: Routledge & Kegan Paul.

King, A. (1980). “Exporting planning: The colonial and post-colonial experience,” in
Shaping an urban world. Editor G. Cherry (London: Mansell), 203–226.

L. H. Klaassen, W. T. M. Molle, and J. H. P. Paelinck (Editors) (1981). Dynamics of
urban development (Aldershot: Gower).

Kummu, M., Taka, M., and Guillaume, J. H. (2018). Gridded global datasets for gross
domestic product and Human Development Index over 1990–2015. Sci. data 5, 180004.
doi:10.1038/sdata.2018.4

Frontiers in Built Environment frontiersin.org06

Marcotullio and Sorensen 10.3389/fbuil.2023.1194813

https://doi.org/10.1016/j.jag.2016.07.007
https://doi.org/10.1016/j.jag.2016.07.007
https://doi.org/10.1177/0042098020929261
https://doi.org/10.1007/bf01942566
https://doi.org/10.1098/rstb.2009.0137
https://doi.org/10.1111/j.1728-4457.1999.00757.x
https://doi.org/10.2307/633211
https://doi.org/10.1177/23998083211043882
https://doi.org/10.1177/23998083211043882
https://doi.org/10.1038/s41467-020-14386-x
https://doi.org/10.1177/08854129922092478
https://doi.org/10.1068/b240247
https://doi.org/10.1080/17549170801903496
https://doi.org/10.1100/tsw.2002.103
https://blogs.worldbank.org/sustainablecities/what-does-urban-mean:%20Sustainable%20Cities
https://blogs.worldbank.org/sustainablecities/what-does-urban-mean:%20Sustainable%20Cities
https://doi.org/10.1016/j.apgeog.2014.09.009
https://doi.org/10.1080/01944369708975728
https://doi.org/10.2307/215506
https://doi.org/10.1080/13563475.2019.1555314
https://doi.org/10.1111/j.1467-7660.1986.tb00231.x
https://doi.org/10.1111/j.1467-7660.1986.tb00231.x
https://doi.org/10.1177/016001769301500202
https://doi.org/10.5194/essd-9-927-2017
https://doi.org/10.5194/essd-9-927-2017
https://doi.org/10.1111/j.1466-8238.2010.00587.x
https://doi.org/10.1126/science.1150195
https://doi.org/10.1088/1748-9326/ab6669
https://doi.org/10.1177/000271624524200103
https://doi.org/10.1016/j.jue.2019.103188
https://doi.org/10.1257/jep.34.3.150
https://doi.org/10.1088/1748-9326/ab4b71
https://doi.org/10.1016/j.gloenvcha.2015.03.008
https://doi.org/10.1016/j.gloenvcha.2014.06.004
https://doi.org/10.1111/j.0028-8292.1983.tb00142.x
https://doi.org/10.1038/sdata.2018.4
https://www.frontiersin.org/journals/built-environment
https://www.frontiersin.org
https://doi.org/10.3389/fbuil.2023.1194813


D. Labbé and A. Sorensen (Editors) (2020). Handbook of megacities and megacity-
regions (Cheltenham, UK: Edward Elgar Publishing, Inc).

Lemon, A. (1981). Homes apart: South Africa’s segregated cities. Cape Town: David
Philip.

Li, X., and Gong, P. (2016). Urban growth models: Progress and perspective. Sci. Bull.
61 (21), 1637–1650. doi:10.1007/s11434-016-1111-1

Liu, X., Huang, Y., Xu, X., Li, X., Li, X., Ciais, P., et al. (2020). High-spatiotemporal-
resolution mapping of global urban change from 1985 to 2015. Nat. Sustain. 3 (7),
564–570. doi:10.1038/s41893-020-0521-x

F.-C. Lo and P. J. Marcotullio (Editors) (2001). Globalization and the sustainability of
cities in the Asia pacific region (Tokyo: United Nations University Press).

F.-c. Lo and Y.-m. Yeung (Editors) (1998). Globalization and the world of large cities
(Tokyo: United Nations University Press).

Losch, A. (1954). The economics of location. New Haven, Conn: Yale University Press.

Ma, L., and Wu, F. (2005). Restructuring the Chinese city. London: Routledge.

Mann, P. (1965). An approach to urban sociology. London: Routledge.

Marcotullio, P. J., and Solecki, W. D. (2013). “What is a city? An essential definition
for sustainability,” in Urbanization and sustainability - linking urban ecology,
environmental justice and global environmental change. Editors C. G. Boone and
M. Fragkias (Berlin: Springer), 11–25.

McGee, T. (1967). The Southeast asian city. New York: Praeger.

Moss, R., Babiker, W., Brinkman, S., Calvo, E., Carter, T., Edmonds, J., et al.
(2008). Towards new scenarios for analysis of emissions, climate change, impacts,
and response strategies. Geneva: Technical Summary. Intergovernmental Panel on
Climate Change.

Newman, P., and Jennings, I. (2012). Cities as sustainable ecosystems, principles and
practices. Washington, DC: Island Press.

Newman, P., and Kenworthy, J. (1999). Sustainability and cities. Washington, DC:
Overcoming Automobile Dependence.

Newman, P. W. G., and Kenworthy, J. R. (1989). Gasoline consumption and cities: A
comparison of us cities with a global survey and its implications. J. Am. Plan. Assoc. 55
(1), 24–37. doi:10.1080/01944368908975398

Nordhaus, C. W. D., and Nordhaus, W. D. (2011). Using luminosity data as a proxy
for economic statistics. Proc. Natl. Acad. Sci. U. S. A. 108, 8589–8594. doi:10.1073/pnas.
1017031108

OECD and European Commission (2020). Cities in the world. OECD and European
Commission.

OECD (2015). The metropolitan century: Understanding urbanisation and its
consequences. Paris: OECD Publishing House.

Pesaresi, M., Melchiorri, M., Siragusa, A., and Kemper, T. (2016). Atlas of the human
planet 2016 - mapping human presence on Earth with the global human settlement layer.
Luxembourg: European Union.

Preston, R. E. (1971). The structure of the central place system. Econ. Geogr. 47,
135–156.

Rees, W. E. (2020). “The climate-energy conundrum: Megacities at risk,” in
International handbook on megacities and megacity-regions. Editors D. Labbé and
A. Sorensen (Cheltenham, UK: Edward Elgar).

Riahi, K., van Vuuren, D. P., Kriegler, E., Edmonds, J., O’Neill, B. C., Fujimori, S., et al.
(2017). The Shared Socioeconomic Pathways and their energy, land use, and greenhouse
gas emissions implications: An Overview. Glob. Environ. Change 42, 153–168. doi:10.
1016/j.gloenvcha.2016.05.009

Rimmer, P. J. (1998). “Transport and telecommunications among world cities,” in
Globalization and the world of large cities. Editors F.-c. Lo and Y.-m. Yeung (Tokyo:
United Nations University Press), 433–470.

Rohat, G., Flacke, J., Dosio, A., Dao, H., and van Maarseveen, M. (2019).
Projections of human exposure to dangerous heat in african cities under
multiple socioeconomic and climate scenarios. Earth’s Future 7 (5), 528–546.
doi:10.1029/2018ef001020

Sassen, S. (2001). “Cities in the global economy,” inHandbook of urban studies. Editor
R. Paddison (London: Sage Publications), 256–272.

Sassen, S. (1991). The global city. New York, London, Tokyo Princeton, New Jersey:
Princeton University Press.

Schneider, A., Friedl, M. A., and Potere, D. (2010). Mapping global urban areas using
MODIS 500-m data: New methods and datasets based on ‘urban ecoregions. Remote
Sens. Environ. 114, 1733–1746. doi:10.1016/j.rse.2010.03.003

Schweitzer, F., and Steinbrink, J. (1998). Estimation of megacity growth. Appl. Geogr.
18, 69–81. doi:10.1016/s0143-6228(97)00047-7

Scott, A. J., and Storper, M. (2015). The nature of cities: The scope and limits of
urban theory. Int. J. Urban Regional Res. 38 (1), 1–15. doi:10.1111/1468-2427.
12134

Seto, K. C., and Fragkias, M. (2005). Quantifying spatiotemporal patterns of urban
land-use change in four cities of China with time series landscape metrics. Landsc. Ecol.
20, 871–888. doi:10.1007/s10980-005-5238-8

Seto, K. C., Reenberg, A., Boone, C. G., Fragkias, M., Haase, D., Langanke, T., et al.
(2012). Urban land teleconnections and sustainability. Proc. Natl. Acad. Sci. U. S. A. 109
(20), 7687–7692. doi:10.1073/pnas.1117622109

Shatkin, G. (2017). Cities for profit the real estate turn in Asia’s urban politics, 1 online
resource. Ithaca: Cornell University Press.

Sorensen, A. (2018). Institutions and urban space: Land, infrastructure, and
governance in the production of urban property. Plan. Theory Pract. 19 (1), 21–38.
doi:10.1080/14649357.2017.1408136

A. Sorensen and J. Okata (Editors) (2011). Megacities: Urban form, governance, and
sustainability (Tokyo: Springer Verlag).

Spiegelman, R. G. (1966). Analysis of urban agglomeration and its meaning for rural
people. Available at: https://files.eric.ed.gov/fulltext/ED036372.pdf: Department of
Agriculture.

Taubenböck, H., Wegmann, M., Berger, C., Breunig, M., Roth, A., and Mehl, H.
(2008). Spatiotemporal analysis of Indian mega cities. Int. Archives Photogrammetry,
Remote Sens. Spatial Inf. Sci. XXXVII, 75–81.

Taylor, P. J. (2006). “Cities in globalization practices, policies and theories,” in
Questioning cities series (New York, NY: Routledge).

Taylor, P. J., and Pain, K. (2007). “Polycentricmega-city regions: Exploratory research from
western Europe,” in The Healdsburg research seminar on megaregions (Healdsburg, USA:
Lincoln Institute of Land Policy and Regional Plan Association). 59-67.

UN (2018). World urbanization prospects, the 2018 revision. New York: United
Nations.

United Nations (2015). Transforming our world: The 2030 agenda for sustainable
development. New York: United Nations.

van Vuuren, D. P., Edmonds, J., Kainuma, M., Riahi, K., Thomson, A., Hibbard, K.,
et al. (2011). The representative concentration pathways: An overview. Clim. Change
109 (1-2), 5–31. doi:10.1007/s10584-011-0148-z

Wackernagel, M., and Rees, W. (1995). Our ecological footprint: Reducing human
impact on the Earth. Gabriola, Canada: New Society Publishers.

Whyte, W. H. (1968). The last landscape. Garden City, New York: Doubleday.

K. Williams, E. Burton, and M. Jenks (Editors) (2000). Achieving sustainable urban
form (London: E & FN Spon).

World Bank (2023). Urban development the World Bank 2023. New Hampshire,
United States: World Bank. [cited 3 March 2023].

Frontiers in Built Environment frontiersin.org07

Marcotullio and Sorensen 10.3389/fbuil.2023.1194813

https://doi.org/10.1007/s11434-016-1111-1
https://doi.org/10.1038/s41893-020-0521-x
https://doi.org/10.1080/01944368908975398
https://doi.org/10.1073/pnas.1017031108
https://doi.org/10.1073/pnas.1017031108
https://doi.org/10.1016/j.gloenvcha.2016.05.009
https://doi.org/10.1016/j.gloenvcha.2016.05.009
https://doi.org/10.1029/2018ef001020
https://doi.org/10.1016/j.rse.2010.03.003
https://doi.org/10.1016/s0143-6228(97)00047-7
https://doi.org/10.1111/1468-2427.12134
https://doi.org/10.1111/1468-2427.12134
https://doi.org/10.1007/s10980-005-5238-8
https://doi.org/10.1073/pnas.1117622109
https://doi.org/10.1080/14649357.2017.1408136
https://files.eric.ed.gov/fulltext/ED036372.pdf:%20Department%20of%20Agriculture
https://files.eric.ed.gov/fulltext/ED036372.pdf:%20Department%20of%20Agriculture
https://doi.org/10.1007/s10584-011-0148-z
https://www.frontiersin.org/journals/built-environment
https://www.frontiersin.org
https://doi.org/10.3389/fbuil.2023.1194813

	Editorial: Future urban worlds: Theories, models, scenarios, and observations of urban spatial expansion
	Introduction
	Defining cities: urban descriptive indicators
	Understanding the past: urbanization theories
	Projecting into the future: urban spatial modeling
	Papers in the issue
	Conclusion
	Author contributions
	Conflict of interest
	Publisher’s note
	References


