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Abstract Cities are home to more than half of the world population. Cities have
been the centers of economic and social developments, as well as sources of many
major environmental problems. Cities are created and maintained by the most
intense form of human-nature interactions. Cities are spatially extended, complex
adaptive systems—which we call landscapes. The future of humanity will
increasingly rely on cities, and the future of landscape ecology will inevitably be
more urban. To meet the grand challenge of our time—sustainability—cities must
be made sustainable and, to this end, landscape ecology has much to offer. In this
chapter, we discuss the intellectual roots and recent development of urban land-
scape ecology and propose a framework for helping move it forward. This
framework integrates perspectives and approaches from landscape ecology, urban
ecology, sustainability science, and resilience theory.
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3.1 Introduction

Urbanization has been a dominant driving force for global environmental changes
and socioeconomic transformations across the world since the Industrial Revolution
between 1750 and 1850 (Grimm et al. 2008; Wu 2008a, 2010b). This is especially
true during the past several decades, with the rapid development of new cities and
expansion of old ones in both developed and developing countries. For example,
Beijing, one of the oldest cities in the world, and Shenzhen, one of the fastest
growing young cities in China, both experienced rapid urban expansion during the
past several decades (He et al. 2006, 2008, 2011; Yu et al. 2009); Phoenix—home to
the Central Arizona-Phoenix Long-Term Ecological Research Project (CAPL-
TER)—is a relatively young, but the fastest growing, city in the US (Wu et al. 2011a,
b; Grimm et al. 2012); Baltimore—home to the Baltimore Long-Term Ecological
Research Project (Baltimore LTER)—is an old port city which also has gone through
a profound landscape transformation since 1914 (Zhou et al. 2011) (Fig. 3.1).

As of 2008, more than 50 % of global human population live in urban areas, and
the number of urban residents is currently increasing by 1 million every week
(Anonymous 2010). According to the projections by the United Nations, 80 % of the
global population will be urban by 2050. Even after the world population stabilizes
around 2050, the urban population will continue to grow, and almost all future

Fig. 3.1 Examples of urbanization at the landscape scale—four of the best studied cities in
China and the United States: Beijing, China (39�550 N, 116�230 E), Shenzhen, Guangdong
Province, China (22�390 N, 114�130 E), Phoenix, Arizona. USA (33�270 N, 112�040 W), and
Baltimore, Maryland, USA (39�170, 76�370 W). The background map was obtained from http://
eduplace.com/ and the inset images of the four cities were from Google Earth (http://
www.google.com/earth/index.html). The insets showing urbanization patterns for the four cities
are from several published sources (He et al. 2006, 2008, 2011; Yu et al. 2009; Wu et al. 2011a,
b; Zhou et al. 2011; Grimm et al. 2012)
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population increases will take place in urban areas (mostly in developing countries
of Asia and Africa). It is certain, therefore, that our future will be increasingly urban.

Urbanization has been both a boon and a bane (Wu 2008a, 2010b). Cities have
been the engines of economic growth and centers of innovation and sociocultural
development. Cities usually have higher use efficiencies of energy and materials,
as well as better access to education, jobs, health care, and social services than
rural areas. In addition, by concentrating human populations, urbanization should
be able to, at least in principle, save land for other species or nature conservation.
However, cities are also places of severe environmental problems, growing
socioeconomic inequality, and political and social instabilities. Although the
physically urbanized land covers merely about 3 % of the earth’s land surface, the
‘‘ecological footprints’’ of cities are disproportionally large—often hundreds of
times their physical sizes (Luck et al. 2001; Jenerette and Potere 2010). Urban
areas account for about 78 % of carbon emissions, 60 % of residential water use,
and 76 % of the wood used for industrial purposes (Grimm et al. 2008; Wu 2008a,
2010b). As a result, urbanization has profoundly affected biodiversity, ecosystem
processes, ecosystem services, climate, and environmental quality on scales
ranging from the local city to the entire globe.

Until quite recently, however, ecologists have focused primarily on ‘‘natural’’
ecosystems, and treated cities largely as ‘‘trashed ecosystems’’ unworthy of study
(Collins et al. 2000). This does not mean that urban ecology is really ‘‘new.’’ In
fact, the field known as ‘‘urban ecology’’ had already existed before the terms
‘‘ecosystem’’ and ‘‘landscape ecology’’ were coined. Nevertheless, it is during the
past two decades that urban ecology has developed into a highly interdisciplinary
field of study, increasingly embraced by ecologists, geographers, and social sci-
entists. These recent and unprecedented developments in urban ecology have had
much to do with the rise of landscape ecology in general and urban landscape
studies in particular, resulting in a dynamic and exciting research field—urban
landscape ecology. Today, studies that focus on the spatiotemporal patterns, bio-
physical and socioeconomic drivers, and ecological and environmental impacts of
urbanization are mushrooming around the world (e.g., Fig. 3.1).

The main goal of this chapter is to provide a perspective on the scope, objec-
tives, and recent developments of urban landscape ecology. This is not intended to
be a comprehensive review of the literature on urban ecology. Rather, it is a
perspective on the past, present, and future of urban landscape ecology based on
our research experiences with cities in China and USA (Fig. 3.1).

3.2 Landscape Ecology and the Rising Urban Theme

Apparently, urban landscape ecology is part of landscape ecology, and thus it
makes sense to discuss the former within the context of the latter. Landscape
ecology is the science of studying and improving the relationship between spatial
pattern and ecological (and socioeconomic) processes on multiple scales (Wu and
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Hobbs 2007). Although landscape ecology has long considered humans and their
activities as part of the landscape, its most salient feature that distinguishes itself
from other ecological fields (e.g., population, community, and ecosystem ecology)
is its explicit emphasis on spatial heterogeneity or pattern (Wu 2013a). This
emphasis on heterogeneity should not be interpreted as stressing ‘‘structure’’ only

Fig. 3.2 Percentage of published papers in the journal Landscape Ecology between 1987 and
2012 which contain important landscape ecological terms in their titles, keywords, and abstracts:
a ranking according to the relative frequency of occurrence, and b changes in relative frequency
of occurrence over time (calculated by dividing the 1987–2012 period into 5 segments)
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or deemphasizing ‘‘function.’’ A background assumption in landscape ecology is
that landscape structural patterns are related to ecological processes and ecosystem
functions. In other words, the ultimate goal of analyzing spatial patterns is to get to
the underlying processes or functions—pattern analysis is a ‘‘means’’ not an
‘‘end.’’ Also, both landscape structural and functional attributes have ‘‘spatial
patterns’’ which are important for ecological understanding and management.

A review of all the publications in the field’s flagship journal—Landscape
Ecology—since its establishment in 1987 confirms that landscape ecology is a
spatially explicit interdisciplinary science (Figs. 3.2 and 3.3). First, the most
commonly used terms in landscape ecology are those that are directly related to
spatial heterogeneity or spatial pattern, including heterogeneity, pattern, frag-
mentation, disturbance, and connectivity (Fig. 3.2a). The frequent use of words
like habitat, conservation, fragmentation, and connectivity reflects the predomi-
nance of biodiversity conservation, as a research topic, in landscape ecological
studies. Another trend in the frequency of word occurrence is that urbanization,

Fig. 3.3 The top 15 most-cited papers published in Landscape Ecology (data from the ISI web of
science, http://apps.webofknowledge.com/; accessed on December 5, 2012): a ranking by the
total number of citations, b ranking by the number of citations per year, and c temporal changes
in the number of citations (5-year moving average values used here to smooth out annual
fluctuations)
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climate change, ecosystems services, and sustainability have become increasingly
dominant in landscape ecology during the past two decades (Fig. 3.2b). In addi-
tion, the top 15 most-cited papers published in Landscape Ecology since 1987
have been overwhelmingly dominated by topics of spatial pattern analysis and
scale-related issues (Table 3.1; Fig. 3.3a, b). Again, this is indicative of the field’s
paramount emphasis on spatial heterogeneity and scale.

Particularly relevant to this chapter is that the number of publications on
urbanization or urban landscapes in the journal has increased rapidly during the
past two decades. This is not surprising because of several reasons. First, urban

Table 3.1 The top 15 most cited papers that were published in landscape ecology based on data
from web of science (accessed on December 5, 2012)

Order Author (year) Article title Vol
(issue)

Total
cites

Cites/
year

1 O’Neill et al.
(1988)

Indices of landscape pattern 1(3) 609 25.4

2 Franklin and
Forman
(1987)

Creating landscape patterns by forest cutting:
ecological consequences and principles

1(1) 456 18.2

3 Riitters et al.
(1995)

A factor-analysis of landscape pattern and
structure metrics

10(1) 378 22.2

4 Roth et al.
(1996)

Landscape influences on stream biotic integrity
assessed at multiple spatial scales

11(3) 374 23.4

5 Gardner et al.
(1987)

Neutral models for the analysis of broad-scale
landscape pattern

1(1) 352 14.1

6 Turner et al.
(1989)

Effects of changing spatial scale on the analysis
of landscape pattern

3(3–4) 349 15.2

7 Wu and Hobbs
(2002)

Key issues and research priorities in landscape
ecology: an idiosyncratic synthesis

17(4) 254 25.4

8 Hargis et al.
(1998)

The behavior of landscape metrics commonly
used in the study of habitat fragmentation

13(3) 240 17.1

9 Turner and
Romme
(1994)

Landscape dynamics in crown fire ecosystems 9(1) 237 13.2

10 Gustafson and
Parker
(1992)

Relationships between landcover proportion and
indexes of landscape spatial pattern

7(2) 233 11.7

11 Wu (2004) Effects of changing scale on landscape pattern
analysis: scaling relations

19(2) 226 28.3

12 Andow et al.
(1990)

Spread of invading organisms 4(2–3) 225 10.2

13 Wiens and
Milne
(1989)

Scaling of ‘landscapes’ in landscape ecology, or,
landscape ecology from a beetle’s perspective

3(2) 223 9.7

14 Turner (1990) Spatial and temporal analysis of landscape
patterns

4(1) 208 9.5

15 Li and Wu
(2004)

Use and misuse of landscape indices 19(4) 205 25.6
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landscapes exhibit the most conspicuously heterogeneous patterns among all
landscapes, and thus are ideal objects for applying and testing landscape metrics
and spatial statistical methods. From a more dynamic perspective, urbanization is
fundamentally a spatial process, and its understanding relies on spatially explicit
methods that characterize landscape ecological studies. Second, urbanization and
its ecological impacts have gained unprecedented impetus in research during the
past 20 years as we have entered a new urbanization era. The urban landscape (the
city and its surrounding areas or a metropolitan region) has emerged as a primary
scale for urban studies. In fact, one may argue that a landscape approach is not
only appropriate in theory but also imperative in practice for urban ecology and
urban sustainability. Given the increasingly urban nature of our landscapes and the
increasingly urban future of humanity, urban sustainability is becoming ‘‘an
inevitable goal of landscape research’’ (Wu 2010b).

3.3 From Urban Ecology to Urban Landscape Ecology

To discuss the present and future of urban landscape ecology, it is helpful to recall
important milestones in the history of urban ecology. This is because urban
landscape ecology may be viewed as a product of the integration between land-
scape ecology and urban ecology. Several recent reviews on the history of urban
ecology can be found elsewhere (Pickett et al. 2001, 2011; Wu 2008a, b, 2013b;
McDonnell 2011). To illustrate how urban landscape ecology is related to urban
ecology, here we provide a synopsis of the evolution of different perspectives and
approaches in urban ecological research since its early years (Fig. 3.4).

The earliest version of ‘‘urban ecology’’ was developed in the 1920s, as part of
human ecology, by the Chicago school of sociology, championed by Robert E.
Park and Ernest W. Burgess (Park et al. 1925). In other words, urban ecology was
born in a ‘‘social science family,’’ as a sociological approach that uses ecological
concepts (e.g., competition, ecological niches, and succession) and natural selec-
tion theory as organic analogies to study the social life and societal structures in
the city. The key idea of this urban ecology approach is that competition for land
and resources in an urban area leads to the continuous structuring of the city space
into ecological niches (e.g., zones) through ‘‘invasion-succession’’ cycles (to put it
blatantly, the poor and immigrants come in and the rich and ‘‘original’’ move out).
Spatial and social differentiations occur consequently, and different social groups
occupy different zones (or niches). This idea is epitomized in the concentric zone
theory (Park et al. 1925). The Chicago school urban ecology was quite influential
for a few decades, but largely disregarded by the 1950s as criticisms mounted of its
neglecting the roles cultural and social factors (e.g., race and ethnicity) as well as
planning and industrialization. This sociological tradition of urban ecology is still
alive today as one may often find a chapter or a section on urban ecology in most
sociology textbooks (but rarely in classic ecology texts). In fact, one may argue
that understanding the relationship between spatial and social structures in the city
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is a key component in urban landscape ecology, particularly when urban sus-
tainability is considered as its ultimate goal (Fig. 3.4).

In the late 1940s, European ecologists, most noticeably the ‘‘Berlin school,’’
began to study remnant plant and animal species in cities—a bio-ecological
approach or the ‘‘ecology in cities’’ approach (Grimm et al. 2000; Pickett et al.
2001; Wu 2008a). Excellent reviews of these studies are found in Sukopp (1990,
2002). In the 1970s forest ecologists (e.g., Forest Stearns) and ecosystem ecolo-
gists (e.g., the Odum brothers) advocated ecosystem-based approaches to studying
the structure and function of cities (Stearns and Montag 1974; Odum 1983). H. T.
Odum’s emergy-based urban approach is still being used by some (Huang and
Chen 2009; Lee et al. 2013). Not until the early 1990s did urban ecology start to
move into the mainstream of ecology. A seminal paper during this time period was
McDonnell and Pickett (1990) that introduced the well-established gradient
analysis method in plant community ecology and vegetation science to the study of
urban ecosystems—the urban–rural gradient approach.

During the 1980s, landscape ecology was developing swiftly in North America
and beyond, and many of the landscape studies dealt with land use and land cover
change including urbanization. With the rapidly increasing availability of remote
sensing data, GIS, and spatial pattern analysis methods (e.g., landscape metrics),
the number of studies on the spatiotemporal patterns and socioeconomic drivers of
urbanization began to soar (many such ‘‘patterns and drivers studies’’ continue to
be done by physical geographers, remote sensing scientists, and the like). The

Fig. 3.4 Different perspectives in urban ecology and the rising prominence of the urban
landscape ecology approach to the studies of cities and human-dominant areas (modified from
Wu 2008a, b, 2013a, b)
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launching of the two Long-Term Ecological Research projects on urban ecology
(Urban LTERs) by the US National Science Foundation in 1997 played an
instrumental role in promoting the integration between human ecosystem-based
functional approaches and pattern-oriented landscape approaches (Pickett et al.
1997; Grimm et al. 2000; Jenerette and Wu 2001; Luck et al. 2001; Luck and Wu
2002; Wu and David 2002; Wu et al. 2003; Jenerette et al. 2006; Buyantuyev and
Wu 2009, 2012). An urban landscape ecology that couples spatiotemporal patterns
with ecological processes began to take form in the early 2000s.

Since the publication of the Millennium Ecosystem Assessment in 2005, eco-
system services (and their relationship with human well-being) have increasingly
become mainstream in ecology. This trend has been accompanied by the rapid
development of sustainability science that focuses on the dynamic relationship
between society and nature (Kates et al. 2001; Wu 2006). Consequently, a nascent
but robust research direction in urban landscape ecology now is focused on urban
sustainability (Fig. 3.4). This emerging urban sustainability approach integrates
the various urban ecology perspectives, and its scientific core develops around the
structure, function, and services of the urban landscape, frequently invoking
hierarchy theory, complex adaptive systems theory, and resilience theory (Wu and
David 2002; Alberti 2008; Wu 2010b; Ahern 2013; Wu and Wu 2013).

3.4 A Framework for Urban Landscape Ecology

So, how should urban landscape ecology be defined? Simply put, urban landscape
ecology is landscape ecology of urban areas. More specifically, it is the science of
studying and improving the relationship between urban landscape pattern and
ecological processes for achieving urban sustainability. While urban sustainability
may be defined in a number of ways, here we define it as an adaptive process of
maintaining and improving ecosystem services and human well-being in the urban
landscape (Wu 2010a, 2013b). As such, urban landscape ecology consists of three
interactive major components: quantifying the spatiotemporal patterns and
understanding the drivers and mechanisms of urbanization (‘‘patterns/drivers
studies’’), assessing the ecological and environmental impacts of urbanization
(‘‘impacts studies’’), and understanding and improving urban sustainability
(Figs. 3.5 and 3.6).

The first component is to characterize the spatiotemporal patterns and driving
processes of the urban landscape. This involves mapping and quantifying urban
morphological attributes and landscape patterns over time, identifying key
socioeconomic and environmental drivers, and understanding urban pattern-pro-
cess relationships on multiple scales ranging from the parcel to the metropolitan
region. Both landscape ecologist and geographers have done a great deal in this
front (Jenerette and Wu 2001; Luck and Wu 2002; Batty 2005; Schneider and
Woodcock 2008; Wu et al. 2011a, b). Recent years have seen a rapid increase in
the number of this sort of studies. For these studies to be really relevant to societal
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needs and policy making, they must be integrated with the other two components.
An example demonstrating two major methods on these topics—landscape pattern
metrics and landscape gradient analysis—is illustrated in Figs. 3.7 and 3.8, based

Fig. 3.5 The scope of urban landscape ecology: three key components and their relationship

Fig. 3.6 A framework for urban landscape ecology that integrates ‘‘patterns/drivers studies’’
with ‘‘impacts studies,’’ and promotes urban sustainability as its ultimate goal
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on the Central Arizona-Phoenix Long-Term Ecological Research project
(CAPLTER). Among many other studies using these methods are those at Balti-
more, Beijing, and Shenzhen (Fig. 3.1).

The second component is focused on ‘‘impacts studies’’ that investigate how
urbanization affects biodiversity, population and community processes, ecosystem
functions, and ecosystem services. Most studies on cities that have been carried out
by bio-ecologists and environmental scientists belong to this category, and several
recent books have reviewed these studies (Carreiro et al. 2008; McDonnell et al.
2009; Niemela 2011). It is well documented that urbanization may decrease native
species richness but increase the number of exotic species; increase landscape-level

Fig. 3.7 Quantification of the spatiotemporal patterns of urbanization in the Phoenix metropol-
itan region, Arizona, USA, using landscape pattern metrics (modified from Wu 2004; Wu et al.
2011a, b). A large number of landscape metrics have been used to characterize urbanization
patterns, and seven of them are shown here
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ecosystem primary production due to irrigation but reduce environmental quality;
and alter soil properties and biogeochemical and hydrological cycles (Pickett et al.
2001, 2011; Wu 2013b). Also, urban heat islands—pronounced increases in air and
surface temperatures (especially nighttime) over non-vegetated impervious sur-
faces due to enhanced longwave radiation—and their effects on air quality and
human health have long been studied (Oke 1982; Jenerette et al. 2007; Buyantuyev
and Wu 2010; Jenerette et al. 2011; Li et al. 2011). While understanding the various
effects of urbanization is important and necessary, the ‘‘impacts studies’’ need to
address how these effects can be eliminated, mitigated, or adapted through urban
design and planning actions. This requires the integration among the three com-
ponents (Fig. 3.5).

The third component of urban landscape ecology focuses on the sustainability
of urban areas—urban sustainability. Rigorous research in urban sustainability is
still nascent, and a cohesive framework is yet to be developed. However, several
core research questions are emerging, including the kinds, amounts, and spatial
interactions of urban ecosystem services, human well-being (measured as the
degrees of satisfying the basic, psychological, and spiritual needs of humans as
influenced by landscape structural and functional attributes), and the resilience of
coupled human-environment systems in the urban landscape (Wu 2010b, 2013b).
To address these questions, it is imperative to integrate the three components
(Fig. 3.5). These new developments in urban landscape sustainability differ from

Fig. 3.8 Landscape pattern gradient analysis as used in the quantification of the spatial pattern of
the Phoenix metropolitan region, USA (modified from Luck and Wu 2002)
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previous studies focused on urban sustainability indicators in terms of both key
research questions and methodologies. For example, the urban landscape ecology
approach to urban sustainability increasingly emphasizes ecosystem services and
their relationship with human well-being, with spatially explicit methods that
consider both ecosystem properties and landscape structural attributes (Ahern
2013; Wu 2013b). From a broader perspective, this serge of interest in urban
sustainability by landscape ecology is part of the recent movement towards a
‘‘landscape sustainability science’’ (Wu 2006, 2012, 2013a; Musacchio 2009,
2011).

Complementary to the three-component framework is a more detailed 5-step
strategy that outlines the major steps for urban landscape ecological studies
(Fig. 3.6). To follow this strategy, the first step is to conceptualize an urban area as
a spatially heterogeneous human-environment system (i.e., a landscape). This can
be done based on, for example, the patch-corridor-matrix model (Forman 1995) or
the hierarchical patch dynamics paradigm (Wu and Loucks 1995; Wu and David
2002). Then, in the second step the spatiotemporal patterns, including the kinds,
amounts, diversity, connectivity, and spatial configuration of the urban landscape
and their temporal changes, can be quantified, and key biophysical and socio-
economic drivers identified. These patterns-and-drivers studies can be, and have
frequently been, done with a combination of methods—remote sensing, GIS,
landscape metrics, spatial statistics, simulation modeling, and, to a much lesser
extent, experiments (mainly longitudinal). The third step is to link the spatio-
temporal patterns of urbanization to ecological and environmental variables of
interest so that the impacts of urbanization can be assessed. The impacts studies
need to go beyond environmental quality, biodiversity, and ecosystem functions
and services to include variables that are directly related to human well-being (e.g.,
those of human survival, security, and psychological needs). These impacts studies
can be done using a number of statistical and modeling methods, including those in
step one. The fourth step is assess the sustainability and resilience of both eco-
system services and human well-being in the urban landscape. The tradeoffs and
synergies among ecosystem services and between ecosystem services and human
well-being in the urban landscape need to be understood, and scenarios for sus-
taining natural capital and flows as well as human well-being need to be sought.
These scenarios have to be investigated in concert with landscape planning and
design because they involve intentional alterations of landscape composition and
configuration. In addition to the methods mentioned above, sustainability indica-
tors may play an important role in accomplishing these goals.

3.5 Concluding Remarks

The world has become increasingly urban, and the ecology of landscapes needs to
reflect this reality in its science. Indeed, this has been happening in the past few
decades, and studies of urban areas now are prominent in landscape ecology.
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A research area that can be called urban landscape ecology is identifiable, which is
part of landscape ecology and also related to urban ecology (as well as urban
geography and urban sociology). The existing studies on this topic, however, do
not yet form a cohesive framework or have a unified goal. In this chapter, we have
reviewed the intellectual roots of urban landscape ecology, and proposed a
framework to help move the field forward.

Landscapes and regions represent arguably the most operational scales for
sustainability research and practice (Forman 1990, 2008; Wu 2006). To meet the
challenge of urban sustainability, cities need to be studied as spatially extended,
complex adaptive systems with interdisciplinary approaches integrating ecologi-
cal, economic, social, and design/planning sciences (Wu 2013b). This seems to be
the main theme of urban landscape ecology or the future direction it is moving
towards. Landscape ecology needs to be more ‘‘urban;’’ urban ecology needs to be
more landscape-realistic; both need to focus more on sustainability.

References

Ahern J. Urban landscape sustainability and resilience: the promise and challenges of integrating
ecology with urban planning and design. Landscape Ecol. 2013. doi:10.1007/s10980-012-
9799-z.

Alberti M. Advances in urban ecology: integrating humans and ecological processes in urban
ecosystems. New York: Springer; 2008.

Andow DA, Kareiva PM, Levin SA, Okubo A. Spread of invading organisms. Landscape Ecol.
1990;4:177–188.

Anonymous. The urban equation. Nature. 2010;467(7318):899–901.
Batty M. Agents, cells, and cities: new representational models for simulating multiscale urban

dynamics. Environ Plann A. 2005;37:1373–94.
Buyantuyev A, Wu J. Urbanization alters spatiotemporal patterns of ecosystem primary

production: a case study of the Phoenix metropolitan region, USA. J Arid Environ.
2009;73(4–5):512–20.

Buyantuyev A, Wu JG. Urban heat islands and landscape heterogeneity: linking spatiotemporal
variations in surface temperatures to land-cover and socioeconomic patterns. Landscape Ecol.
2010;25(1):17–33.

Buyantuyev A, Wu JG. Urbanization diversifies land surface phenology in arid environments:
interactions among vegetation, climatic variation, and land use pattern in the Phoenix
metropolitan region, USA. Landscape Urban Plann. 2012;105:149–59.

Carreiro MM, Song YC, Wu JG, editors. Ecology, planning and management of urban forests:
international perspectives. New York: Springer; 2008.

Collins JP, Kinzig A, Grimm NB, Fagan WF, Hope D, Wu J, Borer ET. A new urban ecology.
Am Sci. 2000;88(5):416–25.

Forman RTT. Ecologically sustainable landscapes: the role of spatial configuration. In:
Zonneveld IS, Forman RTT, editors. Changing landscapes: an ecological perspective. New
York: Springer; 1990. p. 261–78.

Forman RTT. Land mosaics: the ecology of landscapes and regions. Cambridge: Cambridge
University Press; 1995.

Forman RTT. The urban region: natural systems in our place, our nourishment, our home range,
our future. Landscape Ecol. 2008;23(3):251–3.

50 J. Wu et al.

http://dx.doi.org/10.1007/s10980-012-9799-z
http://dx.doi.org/10.1007/s10980-012-9799-z


Franklin JF, Forman RTT. Creating Landscape Patterns by Forest Cutting: Ecological
Consequences and Principles. Landscape Ecol. 1987;1:5–18.

Gardner RH, Milne BT, Turner MG, O’Neill RV. Neutral models for the analysis of broad-scale
landscape pattern. Landscape Ecol. 1987;1:19–28.

Grimm N, Grove JM, Pickett STA, Redman CL. Integrated approaches to long-term studies of
urban ecological systems. Bioscience. 2000;50(7):571–84.

Grimm NB, Redman CL, Boone CG, Childers DL, Harlan SL, Turner II BL. Viewing the urban
socio-ecological system through a sustainability lens: lessons and prospects from the central
Arizona–Phoenix LTER programme. In: Singh SJ, et al., editors. Long term socio-ecological
research: human-environment interactions 2. New York: Springer; 2012.

Grimm NB, Faeth SH, Golubiewski NE, Redman CL, Wu J, Bai X, Briggs JM. Global change
and the ecology of cities. Science. 2008;319(5864):756–60.

Gustafson EJ, Parker GR. Relationships between Landcover Proportion and Indexes of
Landscape Spatial Pattern. Landscape Ecol. 1992;7:101–110.

Hargis CD, Bissonette JA, David JL. The behavior of landscape metrics commonly used in the
study of habitat fragmentation. Landscape Ecol. 1998;13:167–186.

He C, Okada N, Zhang Q, Shi P, Zhang J. Modeling urban expansion scenarios by coupling
cellular automata model and system dynamic model in Beijing, China. Appl Geogr.
2006;26:323–45.

He C, Okada N, Zhang Q, Shi P, Zhang J. Modeling dynamic urban expansion processes
incorporating a potential model with cellular automata. Landscape Urban Plann.
2008;86:79–91.

He C, Tian J, Shi P, Hu D. Simulation of the spatial stress due to urban expansion on the wetlands
in Beijing, China using a GIS-based assessment model. Landscape Urban Plann.
2011;101:269–77.

Huang SL, Chen CW. Urbanization and socioeconomic metabolism in Taipei: an emergy
synthesis. J Ind Ecol. 2009;13(1):75–93.

Jenerette GD, Wu J. Analysis and simulation of land use change in the central Arizona—Phoenix
region. Landscape Ecol. 2001;16(7):611–26.

Jenerette GD, Potere D. Global analysis and simulation of land-use change associated with
urbanization. Landscape Ecol. 2010;25(5):657–70.

Jenerette GD, Wu J, Grimm NB, Hope D. Points, patches, and regions: scaling soil
biogeochemical patterns in an urbanized arid ecosystem. Glob Change Biol.
2006;12:1532–44.

Jenerette GD, Harlan SL, Stefanov WL, Martin CA. Ecosystem services and urban heat riskscape
moderation: water, green spaces, and social inequality in Phoenix, USA. Ecol Appl.
2011;21(7):2637–51.

Jenerette GD, Harlan SL, Brazel A, Jones N, Larsen L, Stefanov WL. Regional relationships
between surface temperature, vegetation, and human settlement in a rapidly urbanizing
ecosystem. Landscape Ecol. 2007;22(3):353–65.

Kates RW, Clark WC, Corell R, Hall JM, Jaeger CC, Lowe I, McCarthy JJ, Schellnhuber HJ,
Bolin B, Dickson NM, Faucheux S, Gallopin GC, Grubler A, Huntley B, Jager J, Jodha NS,
Kasperson RE, Mabogunje A, Matson P, Mooney H, Moore B III, O’Riordan T, Svedin U.
Sustainability science. Science. 2001;292:641–2.

Lee YC, Yeh CT, Huang SL. Energy hierarchy and landscape sustainability. Landscape Ecol.
2013;. doi:10.1007/s10980-012-9706-7.

Li HB, Wu JG. Use and misuse of landscape indices. Landscape Ecol. 2004;19:389–399.
Li JX, Song CH, Cao L, Zhu FG, Meng XL, Wu JG. Impacts of landscape structure on surface

urban heat islands: a case study of Shanghai China. Remote Sens Environ.
2011;115(12):3249–63.

Luck M, Wu JG. A gradient analysis of urban landscape pattern: a case study from the Phoenix
metropolitan region, Arizona, USA. Landscape Ecol. 2002;17(4):327–39.

Luck M, Jenerette GD, Wu J, Grimm NB. The urban funnel model and the spatially
heterogeneous ecological footprint. Ecosystems. 2001;4:782–96.

3 Urban Landscape Ecology: Past, Present, and Future 51

http://dx.doi.org/10.1007/s10980-012-9706-7


McDonnell MJ. The history of urban ecology: a ecologlist’s perspective. In: Niemelä J, Breuste
JH, Guntenspergen G, McIntyre NE, Elmqvist T, James P, editors. Urban ecology: patterns,
processes, and applications. New York: Oxford University Press; 2011. p. 5–13.

McDonnell MJ, Pickett STA. Ecosystem structure and function along urban-rural gradients: an
unexploited opportunity for ecology. Ecology. 1990;71:1232–7.

McDonnell MJ, Hahs AK, Breuste JH, editors. Ecology of cities and towns: a comparative
approach. Cambridge: Cambridge University Press; 2009.

Musacchio LR. The scientific basis for the design of landscape sustainability: a conceptual
framework for translational landscape research and practice of designed landscapes and the
six Es of landscape sustainability. Landscape Ecol. 2009;24(8):993–1013.

Musacchio LR. The grand challenge to operationalize landscape sustainability and the design-in-
science paradigm. Landscape Ecol. 2011;26(1):1–5.

Niemela J, editor. Urban ecology: patterns, processes, and applications. Oxford: Oxford
University Press; 2011.

Odum HT. Systems ecology: an introduction. New York: Wiley; 1983.
O’Neill RV, Krummel JR, Gardner RH, Sugihara G, Jackson B, DeAngelis DL, Milne BT,

Turner MG, Zygmunt B, Christensen SW, Dale VH, Graham RL. Indices of landscape
pattern. Landscape Ecol. 1988;1:153–162.

Oke TR. The energetic basis of the urban heat island. Q J Roy Meteorol Soc. 1982;108:1–24.
Park RE, Burgess EW, McKenzie R. The city. Chicago: University of Chicago Press; 1925.
Pickett STA, Burch WR, Dalton SE, Foresman TW, Grove JM, Rowntree R. A conceptual

framework for the study of human ecosystems in urban areas. Urban Ecosyst. 1997;1:185–99.
Pickett STA, Cadenasso ML, Grove JM, Nilon CH, Pouyat RV, Zipperer WC, Costanza R. Urban

ecological systems: linking terrestrial ecological, physical, and socioeconomic components of
metropolitan areas. Ann Rev Ecol Evol Syst. 2001;32:127–57.

Pickett STA, Cadenasso ML, Grove JM, Boone CG, Groffman PM, Irwin E, Kaushal SS,
Marshall V, McGrath BP, Nilon CH, Pouyat RV, Szlavecz K, Troy A, Warren P. Urban
ecological systems: scientific foundations and a decade of progress. J Environ Manage.
2011;92(3):331–62.

Riitters KH, Oneill RV, Hunsaker CT, Wickham JD, Yankee DH, Timmins SP, Jones KB,
Jackson BL. A factor analysis of landscape pattern and structure metrics. Landscape Ecol.
1995;10:23–39.

Roth NE, Allan JD, Erickson DL. Landscape influences on stream biotic integrity assessed at
multiple spatial scales. Landscape Ecol. 1996;11:141–156.

Schneider A, Woodcock CE. Compact, dispersed, fragmented, extensive? A comparison of urban
growth in twenty-five global cities using remotely sensed data, pattern metrics and census
information. Urban Stud. 2008;45(3):659–92.

Stearns F, Montag T, editors. The urban ecosystem: a holistic approach. Stroudsburg: Dowden,
Hutchinson & Ross, Inc; 1974.

Sukopp H. Urban ecology and its application in Europe. In: Sukopp H, Hejny S, Kowarik I,
editors. Urban ecology: plants and plant communities in urban environments. The Hague:
SPB Academic Publishing bv; 1990. p. 2–22.

Sukopp H. On the early history of urban ecology in Europe. Preslia. 2002;74:373–93.
Turner MG, O’Neill RV, Gardner RH, Milne BT. Effects of changing spatial scale on the analysis

of landscape pattern. Landscape Ecol. 1989;3:153–162.
Turner MG. Spatial and temporal analysis of landscape patterns. Landscape Ecol. 1990;4:21–30.
Turner MG, Romme WH. Landscape dynamics in crown fire ecosystems. Landscape Ecol.

1994;9:59–77.
Wiens JA, Milne BT. Scaling of ‘landscape’ in landscape ecology, or, landscape ecology from a

beetle’s perspective. Landscape Ecol. 1989;3:87–96.
Wu J, Hobbs R. Key issues and research priorities in landscape ecology: An idiosyncratic

synthesis. Landscape Ecol. 2002;17:355–365.
Wu J. Effects of changing scale on landscape pattern analysis: scaling relations. Landscape Ecol.

2004;19:125–138.

52 J. Wu et al.



Wu JG. Landscape ecology, cross-disciplinarity, and sustainability science. Landscape Ecol.
2006;21(1):1–4.

Wu JG. Making the case for landscape ecology: an effective approach to urban sustainability.
Landscape J. 2008a;27(1):41–50.

Wu JG. Toward a landscape ecology of cities: beyond buildings, trees, and urban forests. In:
Carreiro MM, Song YC, Wu JG, editors. Ecology, planning and management of urban forests:
international perspectives. New York: Springer; 2008b. p. 10–28.

Wu JG. Landscape of culture and culture of landscape: does landscape ecology need culture?
Landscape Ecol. 2010a;25(8):1147–50.

Wu JG. Urban sustainability: an inevitable goal of landscape research. Landscape Ecol.
2010b;25(1):1–4.

Wu JG. A landscape approach for sustainability science. In: Weinstein MP, Turner RE, editors.
Sustainability science: the emerging paradigm and the urban environment. New York:
Springer; 2012. p. 59–77.

Wu JG. Key concepts and research topics in landscape ecology revisited: 30 years after the
Allerton Park workshop. Landscape Ecol. 2013a. doi:10.1007/s10980-012-9836-y.

Wu JG. The state-of-the-science in urban ecology and sustainability: a landscape perspective.
Landscape Urban Plann. 2013b. (In review).

Wu JG, Loucks OL. From balance-of-nature to hierarchical patch dynamics: a paradigm shift in
ecology. Q Rev Biol. 1995;70:439–66.

Wu JG, David JL. A spatially explicit hierarchical approach to modeling complex ecological
systems: theory and applications. Ecol Model. 2002;153(1–2):7–26.

Wu JG, Hobbs RJ, editors. Key topics in landscape ecology. Cambridge: Cambridge University
Press; 2007.

Wu JG, Wu T. Ecological resilience as a foundation for urban design and sustainability. In:
Pickett STA, Cadenasso ML, McGrath BP, editors. Resilience in urban ecology and design:
linking theory and practice for sustainable cities. New York: Springer; 2013.

Wu JG, Jenerette GD, David JL. Linking land use change with ecosystem processes: a
hierarchical patch dynamics model. In: Guhathakurta S, editor. Integrated land use and
environmental models. Berlin: Springer; 2003. p. 99–119.

Wu JG, Jenerette GD, Buyantuyev A, Redman C. Quantifying spatiotemporal patterns of
urbanization: the case of the two fastest growing metropolitan regions in the United States.
Ecol Complex. 2011a;8:1–8.

Wu JG, Buyantuyev A, Jenerette GD, Litteral J, Neil K, Shen W. Quantifying spatiotemporal
patterns and ecological effects of urbanization: a multiscale landscape approach. In: Richte M,
Weiland U, editors. Applied urban ecology: a global framework. Oxford: Blackwell; 2011b.
p. 35–53.

Yu DY, Shao HB, Shi PJ, Pan YZ, Zhu WQ. How does the conversion of land cover to urban use
affect net primary productivity? A case study in Shenzhen city, China. Agric For Meteorol.
2009;149:2054–60.

Zhou W, Huang G, Pickett STA, Cadenasso ML. 90 years of forest cover change in an urbanizing
watershed: spatial and temporal dynamics. Landscape Ecol. 2011;26(5):645–59.

3 Urban Landscape Ecology: Past, Present, and Future 53

http://dx.doi.org/10.1007/s10980-012-9836-y

	3 Urban Landscape Ecology: Past, Present, and Future
	Abstract
	3.1…Introduction
	3.2…Landscape EcologyLandscape Ecology and the Rising Urban Theme
	3.3…From Urban EcologyUrban Ecology to Urban Landscape EcologyLandscape Ecology
	3.4…A Framework for Urban Landscape EcologyLandscape Ecology
	3.5…Concluding Remarks
	References


