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Abstract To meet the grand challenges of the urban century—such as climate change,
biodiversity loss, and persistent poverty—urban and ecological theory must contribute to
integrated frameworks that treat social and ecological dynamics as interdependent. A socio-
ecological framework that encapsulates theory from the social and ecological sciences will
improve understanding of metropolitan dynamics and generate science for improved, sus-
tainable management of urban ecosystems. To date, most urban ecological research has
focused on single cities. A comparative approach that uses gradients within and between
cities is a useful tool for building urban ecological theory. We offer five hypotheses that are
testable using a comparative, gradient approach: (i) the current size, configuration, and
function of larger metropolitan ecosystems predicts the potential trajectory of smaller urban
areas; (ii) timing of growth explains the greatest variance in urban ecosystem structure and
function; (iii) form and function of urban ecosystems are converging over time; (iv) urban
ecosystems become more segregated and fragmented as populations increase; and (v) larger
cities are more innovative than smaller cities in managing urban ecosystems.
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Introduction

We are living in the urban century, one that will witness profound consequences for humanity
and the environment, yet dominant urban theories and planning practices continue to treat social
and economic realms as separate from biophysical systems. Clearly, however, cities are
ecosystems (Grimm et al. 2000). As densely settled sites with intensive energy, material, and
information fluxes, urban areas transform and are transformed by social and ecological
processes at multiple scales through time (Pickett et al. 2008). Treating cities as ecosystems,
using an integrated socio-ecological framework, is an important starting point for understanding
how cities function and for developing more sustainable ways to manage metropolitan areas
(Alberti 2008; Alberti and Marzluff 2004; Douglas 2011; Newman and Jennings 2008; Niemeld
et al. 2011b, c). In this review, we discuss limits and possibilities of the dominant theories of
urbanization and suggest ways to improve understanding and management of urban ecosystems
using a socio-ecological framework and a comparative gradient approach. This paper illustrates
the utility of such an approach and offers five innovative hypotheses that flow from an
ecologically informed theoretical framework on urbanization.

Urban theory

Fundamental to most urban theory is the concept that cities grow because of the wealth
generated from agglomeration economies, or the economic benefits that come from living
and working in close proximity to others (Knox 2008; Short 2006). Agglomeration leads to
greater and more specialized divisions of labor, and expanded opportunities for exchange of
goods, services, and information. These processes generate wealth that can be reinvested in
buildings, equipment, infrastructure, or more employees, leading to even greater economies
of agglomeration, further wealth generation, and consequent urbanization (Batty 2008).
Economic cycles have also been used to explain the boom and bust processes of urbanization.
Rhythms of urbanization have been shown to match short Kuznets (25 years) and long-wave
Kondratieff (50-55 years) cycles of economic growth and decline (Berry 1991). Configuration
and functioning of the city are therefore defined largely by the investment in technology and
infrastructure that occurs during the growth side of such waves. These waves of investment
have long-term impacts, because such things as roads and buildings are fixed investments and
can shape the structure and function of cities for many decades. Economic theory has also been
employed to explain how initial investment in one technology may create a path dependency,
where viable or better alternatives become too costly to implement (Melosi 2005). More
recently, theorists have examined the role of neo-liberal political economies in explaining the
fates of metropolitan areas, such as the de-industrialization and hollowing out of central cities in
the face of intense global competition (Knox 2008). Some larger metropolitan areas, especially
in rich countries, enjoy growth and wealth benefits that accrue from the global exchange of
capital and information. These ‘global cities’—such as London, New York, or Tokyo—often
politically and financially dominate national systems of cities as well (Sassen 2001).

Reliance on economic drivers in urban theory happens for good reasons. Certainly the
growth of cities in population and physical extent parallels significant shifts in economy and
technological development; no nation became urban before the industrial revolution and the
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Table 1 Potential urban gradients within Australia, Germany, and the United States

. 4 . .. .
Urban area  Population® Area Population Mean annual Mean minimum Mean maximum

(km?) density precipitation  temperature temperature
perkm’  (mm) (C) (0

USA' Phoenix 4,192,887 2069 2027 203 17.4 30.4
Albuquerque 887,077 580 1529 240 7.1 21.3

Las Cruces 209,233 166 1260 234 7.8 252

Australia®> Melbourne 4,077,036 7693 530 650 10.2 19.8
Adelaide 1,203,186 1827 659 446 11.4 21.5

Bendigo 91,713 494 186 515 7.8 20.9

Germany® Berlin 3,460,725 892 3880 571 6.0 13.0
Leipzig 522,883 297 1761 508 43 14.3

Jena 105,129 114 918 600 7.4 13.8

' US Census Bureau http:/factfinder2.census.gov Accessed 31 December 2011; US Census Bureau, Popula-
tion and Area of US Metropolitan Areas. http://www.census.gov/geo/www/ua/ua2k.txt . Accessed 27 August
2010; National Weather Service Forecast Office Phoenix, AZ http:/www.wrh.noaa.gov/psr/ Accessed 31
December 2011; National Weather Service Forecast Office Albuquerque, NM http://www.srh.noaa.gov/abq/
Accessed 31 December 2011; State University, New Mexico (298535) Period of Record Monthly Climate
Summary http://www.wrcc.dri.edu/cgi-bin/cliMAIN.pl?nmstat Accessed 31 December 2011

2 Australian Bureau of Statistics, National Regional Profile: Melbourne (Statistical Division),
National Regional Profile: Adelaide (Statistical Division), National Regional Profile: Greater Bendigo City
Part A (Statistical Subdivision) www.abs.gov.au Accessed 31 December 2011;

Australian Government Bureau of Meteorology Summary statistics Melbourne Regional Office, Summary
statistics Adelaide Airport, Summary statistics Bendigo Airport http://www.bom.gov.au/climate/ Accessed 31
December 2011

3 Stadt Leipzig http://www.leipzig.de/int/en/stadt_leipzig/zahlen/bevoelkerung/stand/ Accessed 31 December
2011; City Population Berlin, Germany http://www.citypopulation.de/php/germany-berlin.php Accessed 31
December 2011; One World Nations Online, Berlin http://www.nationsonline.org/oneworld/Germany/berlin.htm
Accessed 31 December 2011; World Weather Online, Jena Weather, Germany Weather Averages

http://www.worldweatheronline.com/weather-averages/Germany/542451/Jena/571335/info.aspx Accessed 31
December 2011; World Weather Online, Leipzig Weather, Germany Weather Averages

http://www.worldweatheronline.com/Leipzig-weather-averages/Sachsen/DE.aspx Accessed 31 December
2011; World Weather Online, Berlin Weather, Germany Weather Averages

http://www.worldweatheronline.com/Berlin-weather/Berlin/DE.aspx Accessed 31 December 2011; World
Meteorological Organization, World Weather Information Service, Weather Information for Leipzig http://
worldweather.wmo.int/016/c01350.htm Accessed 31 December 2011; Hansel S, Petzold S, Matschullat J
(2007) Precipitation trend analysis for Central Eastern Germany. In: Stielcova K, Skvarenina J, Blazenec M
(eds) Bioclimatology and natural hazards, International Scientific Conference, Polana nad Detvou, Slovakia,
September 17-20, 2007 Accessed http://cbks.cz/SbornikPolana07/pdf/Hansel et al.pdf; City Population
Germany Thuringen http://www.citypopulation.de/Deutschland-Thuringen.html Accessed 31 December 2011

#US population figures are for the named metropolitan statistical areas. Population figures for Australia refer
to the Melbourne and Adelaide statistical divisions and the Bendigo statistical district. Figures for Germany
refer to the named cities.

astounding size of metropolitan areas would not be possible without modern forms of
transportation and communication. Over the last century, technological innovation has
overshadowed many of the earlier biophysical limitations to urbanization (Glaeser 2011).
Characteristics of place once vital and integral to urban growth (such as water power, fertile
soils, or a deep harbor) became less important as technological innovation found substitutes
for these natural amenities, also known as ecosystem services. Limitations to urban growth
could be overcome by engineered solutions, whether it was levees for flood-prone cities,
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DDT to eliminate mosquito populations, or air conditioners to allow comfortable living in
the desert (Gober 2006). Urbanization models that developed in an era of rapid technological
advances thus predicted growth and change using socio-economic data alone, treating the
earth as a featureless plane, devoid of the vagaries of the natural environment, much like the
famous concentric ring model developed by University of Chicago sociologists nearly a
century ago (Burgess 1925).

Yet, even with continued technological development and expanded economic activity that
dominate the farthest reaches of Earth’s systems, the biophysical environment of cities is
reemerging in urban theory as a limiting agent and a provider of life-sustaining ecosystem
services. Hurricane Katrina along the Gulf Coast of the United States and the Black Saturday
forest fires around Melbourne, Australia are clear reminders that urban areas cannot entirely
shield themselves from natural disturbances, even in advanced, wealthy countries (Colten
2006; Chapin et al. 2010). Much of the ecological literature on ecosystem services and cities
has highlighted negative effects of cities on ecosystem service provisioning, although recent
perspectives include an understanding of the ecosystem benefits that well-planned cities can
provide, particularly when compared with the alternative of sprawling settlements (Colding
2011; Gaston et al. 2010; McDonald and Marcotullio 2011). Increased attention to potential
short and long-term consequences of global climate change has also brought into focus the
need to better comprehend the challenges facing economic and ecological viability in
ecosystems worldwide, including cities (Grimm et al. 2008a). For understanding the dynamics
of metropolitan systems and addressing the urgency for sustainable solutions, ecology cannot
be ignored in urbanization models (McKinney 2010; Newman and Jennings 2008;
Colding 2011).

Coupled socio-ecological systems

It is no longer tenable to study cities as separate human artifacts divorced from the
limitations or opportunities provided by the biophysical environment. Instead, urban ecol-
ogists and others conceive urban areas as coupled socio-ecological systems (Clucas and
Marzluff 2011; Liu et al. 2007a, b; Warren et al. 2010; Zipperer et al. 2011). Several
organizations have now adopted or promoted socio-ecological frameworks to guide future
research endeavors, including the US Long Term Ecological Research network (Collins et al.
2011), the US National Science Foundation’s Dynamics of Coupled Natural and Human
Systems program and Science, Engineering and Education for Sustainability portfolio, the
French National Center for Scientific Research (CNRS) Institute of Ecology and Environment,
the international Resilience Alliance, and the International Human Dimensions Program’s
Global Land Project and the Urbanization and Global Environmental Change (UGEC) project.
While they differ in terminology and emphases, these and other projects recognize that urban
and other ecosystems can only be understood by studying the interactions between social and
ecological structures and functions. Take the conceptual model of UGEC, for example (Fig. 1).
This construct encapsulates the development of urban-environmental theory from one of
examining unidirectional impact of human-dominated urban systems on surrounding biophys-
ical and chemical systems (theme 1) to how those biophysical and chemical systems influence
the urban environment, and finally how urban systems (consisting of biotic and abiotic
components) and biophysical/chemical systems affect one another (themes 3 and 4)
(Sanchez-Rodriguez et al. 2005).

These coupled socio-ecological frameworks help scientists understand how urban eco-
systems function as complex, adaptive systems (Batty 2008). But rapid adoption of such

@ Springer



Urban Ecosyst (2012) 15:795-807 799

Theme 3
Landscape
Theme 1
Urban Systems Biophysical Systems
Theme 2
Built Environment
Theme 4

Fig. 1 Conceptual diagram of the Urbanization and Global Environmental Project. Theme 1 examines
impacts of urban systems on biophysical systems. Research in theme 2 analyzes the role of the biophysical
system in shaping urban systems. Theme 3 examines the feedbacks from the interaction of themes 1 and 2 on
the social and ecological dynamics in urban systems. Theme 4 focuses on the feedbacks from theme 3 on the
dynamics of biophysical systems. The progression of themes encapsulates the development of urban envi-
ronmental theory from unidirectional impacts to integrated systems approaches. Source: (Sanchez-Rodriguez
et al. 2005)

frameworks is also driven by policy needs of finding better, more sustainable ways to
manage urbanization. Particularly in rapidly growing and water-limited environments, such
as the US Southwest, governmental and non-governmental organizations are attempting to
manage urban growth in ways that protect and maintain ecosystem services while maintaining
healthy economies (Balsas 2008). One example is Indian Bend Wash in Scottsdale, Arizona.
Designed primarily for flood control, this series of lakes and open space also provides recreation
services, aquatic habitat, and hotspots for nitrogen cycling through a series of perennial lakes
(Roach et al. 2008). As urbanization alters native ecosystems, urban planners design new
ecosystems to replace some original functionality but also to cater to other services, such as
recreation or attractive viewsheds, desired by urban residents (Pauleit et al. 2011; Sadler et al.
2010). The Central Arizona-Phoenix LTER project has consulted with developers in the greater
Phoenix region about designed ecosystems that can deliver ecosystem services to nearby
residents while reducing typical impacts of large tract developments. In greater Manchester,
UK, policymakers and scientists are exploring the use of green infrastructure, particularly
greenspace, to deal with increasing heat through global and local climate change as well as to
create and restore habitat for bird species and other fauna and flora (Pauleit et al. 2011). Another
example is the Tree and Shade Task Force of the City of Phoenix (2010), which is investigating
how built infrastructure and vegetation can most effectively ameliorate the growing urban heat
island in the region. This initiative has the potential to improve livability in the downtown core,
an important consideration for attracting more residents and businesses to the central city,
reduce vulnerability to extremes in temperature, and provide habitat for biota in areas previ-
ously dominated by asphalt and concrete (Harlan et al. 2006). Even brownfield sites, typically
found in older industrial neighborhoods, can provide habitat for diverse species (Eyre et al.
2003). Rather than an eyesore, brownfields can be managed as an asset for biodiversity
protection in urban areas (Kattwinkel et al. 2011). Shrinking cities such as Leipzig or Detroit,
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where populations are in decline, can also provide chances to bring open space and biodiversity
into once dense urban cores (Haase 2008). Ecologically informed management is necessary for
long-term sustainability of metropolitan systems (Colding 2011; McKinney 2010; McDonnell
et al. 2009; Niemela et al. 2011a; Stuart-Murray 2011).

Comparative gradient approach

Comparative approaches to examining the process of urbanization have enjoyed renewed
interest over the last decade, in part related to debates about the presumed homogenizing
effects of globalization (Kim and Short 2008; Dear 2005; Halle 2003; Soja 1992). While
places will always have unique features, analyses across cities or “comparative urbanism,”
allows researchers to search for generalities, or “deep analogies,” whether in urban form or
processes (Nijman 2007b, p.4). Most observers search for similarities in structure or
appearance of cities, but comparative urbanism also explores generalities in function. An
advantage of focusing on function is that it can liberate researchers from explaining differ-
ences in form that are historically and geographically contingent (Nijman 2007a). Similarly,
comparative urbanism need not be restricted to a particular point in time. Some scholars
have argued that an examination of urbanism over very long periods, from ancient cities to
the present, can illuminate what characteristics of cities or the urban experience are common,
fundamental properties (Smith 2009). For example, neighborhoods, as a social and built-
form organizing unit, appear in cities from ancient Mesopotamia to present-day megacities
(Smith 2010). A challenge for contemporary comparative research is to recognize that cities
are not discretely separate objects but are “open, embedded, and relational” (Ward 2008, p.
407), making the case for understanding the socioecological dynamics in regional city
systems or megapolitan areas (Grimm et al. 2008b). For example, biophysically, modern
cities all share an atmospheric pollution “footprint” that extends beyond their boundaries to
an extent dictated by wealth, technology, and to some extent urban form (Luck et al. 2001;
Grimm et al. 2008a). Recent comparative research has analyzed data from across cities to
elucidate urban patterns and propose mathematical scaling rules as a predictive framework
(Bettencourt and West 2010; Bettencourt et al. 2010).

Ecologists have also used comparative approaches to study the structure and composition
of urban ecosystems. McDonnell and Hahs (2009) provide a useful typology and review of
comparative approaches in urban ecology, which include urbanization gradients, rural-urban
gradients, and research that examines change over time at single or multiple urban study
sites. For example, research on urban amphibian assemblages in the Greater Melbourne area
used a rural-urban gradient approach to test the applicability of metacommunity theory to
urban ecosystems (Parris 2006). Similarly, researchers have examined carabid beetle
assemblages across rural-urban gradients in several cities globally through the GLOBENET
project (Niemeld et al. 2002, 2009; Niemeld and Kotze 2009) and herpetofauna communities
along a wildland-urban riparian gradient (Banville and Bateman 2012). Other studies have
sought to understand ecological patterns and processes across multiple urban areas, including
work on plant extinction rates across 22 cities of varying ages around the world (Hahs et al.
2009b); a study analyzing biodiversity in neighborhoods across five metropolitan areas globally
(Turner et al. 2004); and research examining the richness and occurrence of Anuran species
across nine urban areas in southeastern Australia (Smallbone et al. 2011). Using socio-
economic and vegetation data for the same nine urban areas, Luck et al. (2009) examined the
relationship between neighborhood socioeconomic characteristics and vegetation change over
time.

@ Springer



Urban Ecosyst (2012) 15:795-807 801

McDonnell and Hahs (2009, p. 73) suggest that the integration of these ecological
approaches with comparative social science approaches will lead to “the development of a
more robust comparative ecology of cities” and ultimately the creation of the knowledge
base necessary to design sustainable cities. Gradients have been used for more than a century
in the social and ecological sciences. Scholars have used gradients to explain differences
in land values (von Thiinen 1966[1826]), social structure (Park et al. 1925), land use (Christaller
1933 [1966]), species distributions (Whittaker 1967), soil properties (Jenny 1941), ecosystem
function (Vitousek 2004), and more recently the abundance and diversity of organisms in and
around urban areas (McDonnell and Hahs 2008). In the Baltimore Ecosystem Study, the rural—
urban gradient in the Gwynns Falls Watershed provides a ‘natural experiment’ of the effects of
urbanization on ecosystem structure and function (Pickett and Cadenasso 2006). Location along
the rural-urban gradient can in essence substitute for time and help to predict the effects of
encroaching urban and suburban growth on ecosystems (Carreiro and Tripler 2005). Evidence
also suggests that land values and uses follow a bid-rent gradient where highest land values and
uses are found in the Phoenix central business district and decline with distance from the center
(Keys, Wentz and Redman 2007). Both from an ecological and social science perspective, the
degree of urban-ness makes a difference to structure and function, or patterns and processes, of
urban environments.

Most urban research on gradients has focused on changes within urban areas or regions.
However, cities themselves can be arranged into gradients along a variety of spatial, social,
economic, and biophysical dimensions, such as population, water use, or pollutants emitted.
As other researchers (Bettencourt and West 2010; Bettencourt et al. 2010) have suggested,
gradients or hierarchies may allow us to tease out relationships between urban form, pattern,
and function. Rather than focus on a single city, we see value in comparing multiple cities
across both social and biophysical characteristics (Table 1) (see also Grimm et al. 2008b).
Similar to the natural experiment approach of the Baltimore Ecosystem Study’s rural-urban
gradient, a gradient of cities may be a useful way to predict how a large metropolitan region
like Phoenix might foreshadow the social and ecological dynamics of smaller, nearby cities
such as Albuquerque, New Mexico or Las Cruces, New Mexico. All three are in an arid
region with moderate winter temperatures and hot summers, rely heavily on imported
surface water for irrigated agriculture and other uses, are characterized by rapid population
growth and low-density development on the fringe, and are surrounded by large tracts of
public and Native American land. All benefited from federal investment, especially defense,
and boomed in population during and after the Second World War. Large land sales of State
Trust Land (Phoenix) and Bureau of Land Management holdings (Las Cruces) enable rapid
and typically large scale development, while Pueblos (Albuquerque), Indian Communities
(Phoenix), and Forest Service and National Park Service lands that surround all three cities
restrict growth, resulting in the leap-frog patterns of urbanization (York et al. 2011).

Gradients are also useful for testing the relationships between city size — defined by such
factors as population, spatial extent, energy and material flows, financial and human capital —
and socio-ecological dynamics while holding the biophysical environment relatively constant.
For instance, how might the urban ecosystems of Melbourne or Berlin (pop. ~4 million), differ
in structure and function from the medium-sized (pop. ~ 1 million) Adelaide or Leipzig? A
comparative gradient approach also permits a corollary exercise of examining key differences in
socio-ecological dynamics, and how they relate to place-specific, historical, or institutional
factors. Analyses across regional gradients of metropolitan areas will allow researchers to
elucidate patterns and processes of urbanization across time and space and their effect on the
urban socio-ecological system. A series of hypotheses that flow from this approach are
outlined below.
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Hypotheses

Hypothesis 1: The current size, configuration, and function of larger metropolitan ecosystems
predicts the potential trajectory of smaller urban areas Research suggests that urban scale
matters. City size is a major determinant of many urban characteristics, and cities are fractal,
scaled versions of one another (Bettencourt and West 2010). This hypothesis can be tested
with longitudinal studies into the future, but may also be tested retrospectively. For instance,
in 1960, Phoenix roughly matched the current population of Albuquerque. One can test the
hypothesis by measuring similarities (or differences) in physical extent, configuration (e.g.,
fragmentation of land use) and function (e.g., agricultural to non-agricultural production).

Hypothesis 2: Timing of growth explains the greatest variance in urban ecosystem structure
and function This hypothesis is derived from the notion that timing is fundamental and that
historical trajectories have a strong bearing on city form and function (Abu-Lughod 1991).
In essence, it expresses the opposite of Hypothesis 1. Thus, Adelaide will never be similar to
Melbourne, or Bendigo like Adelaide, because the context and drivers of time periods trump
all else in generating urban ecosystems. For instance, even though Melbourne in 1940
matched the population of Adelaide in 2010, the economy, technology, and even social
norms of 1940 created an urban ecosystem that is vastly different from any in the present.
However, it is possible that timing of growth has steps and plateaus in terms of how it affects
ecosystem function. The period following the Second World War, for example, had a much
greater impact on urbanization, especially sub-urbanization, than the pre-war era in Australia
and other wealthy countries. For most of the twentieth century, urbanization in China was
slow or stagnant but that region has seen explosive growth in urban populations and
megacities over the last two decades (Seto et al. 2010). Had China’s urbanization rate
accelerated in the early 20th rather than 21st century, its cities would likely have looked
and functioned in decidedly different ways than they do now. Segmenting metropolitan areas
by age of development would be one mechanism for testing the effects of timing on the
structure and function of urban ecosystems. Studies from Baltimore, for instance, show that
age of housing—a proxy for neighborhood age—is a good predictor of vegetation cover
(Troy et al. 2007).

Hypothesis 3: Form and function of urban ecosystems are converging over time Globalization
and commercialization of economies may homogenize the function and appearance of urban
areas, especially for global cities (Sassen 2008). Many commentators have remarked on how
national retail and restaurants chains as well as national models of residential development
have homogenized urban landscapes, making one indistinct from another. The result is a
sense of ‘placelessness’ (Relph 1987) or a ‘geography of nowhere’ (Kunstler 1993). In
ecology, the urban ecosystem convergence hypothesis suggests that ecosystem properties
and functioning within and between cities are similar despite the disparate characteristics of
each city’s surrounding native ecosystem (Pouyat et al. 2003; Grimm et al. 2008b). Addi-
tionally, social behaviors, such as maintaining and fertilizing lawns despite knowledge of the
economic and environmental costs (Robbins 2007), play an important role in homogenizing
the ecological properties of cities. Proliferation of large, national retail stores with standard
nursery stock may also play a role in homogenizing landscapes, controlling biodiversity
patterns of residential landscapes (Walker et al. 2009). The GLOBENET project comparing
carabid beetle assemblages across several cities globally (Niemeld et al. 2002, 2009;
Niemeld and Kotze 2009) and work on soil organic carbon in cities (Pouyat et al. 2009)
are examples of how to test the convergence hypothesis.
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Hypothesis 4: Urban ecosystems become more socially segregated and ecologically
fragmented as city populations increase As populations of cities grow, socioeconomic
groups tend to become more spatially segregated. One study in the United States, for
example, found that a 10 % increase in population leads to a 5 % increase in spatial
segregation (Jargowski 1996). Data from the US Census Bureau (http://www.census.gov/
hhes/www/housing/housing_patterns/ch5.html) also show that larger cities have higher rates
of segregation than medium and smaller cities. An examination of segregation in Australia,
New Zealand, the United States, Canada, and the United Kingdom, shows that cities with
large populations generally have higher rates of segregation than smaller cities (Johnston et
al. 2007). We hypothesize that larger cities will lead to greater fragmentation of ecological
structure. If social characteristics are a driver of land management (Hope et al. 2003; Grove
et al. 2006), then it is possible that higher degrees of social segregation in large cities are also
associated with fragmentation of urban ecosystem structure (e.g., vegetation cover or
diversity).

Hypothesis 5: Larger cities are more innovative in managing urban ecosystems Using
patent data, scholars have shown that larger cities are more innovative than smaller cities,
and that innovation scales at a rate faster than population growth (Bettencourt et al. 2007;
2010). We hypothesize that such scaling laws also apply to innovation in management of
urban ecosystems. The hypothesis can be tested using indicators that rank cities in terms of
implementation of new programs or initiatives that are targeted at urban ecosystem man-
agement. These methods have been successfully applied to the cognate exercise of measur-
ing degree of sustainability across metropolitan areas (Portney 2003).

Conclusions

Grand challenges of the urban century — such as global climate change, enduring poverty,
and threats to biodiversity — punctuate the need for urban theory, currently dominated by
socioeconomic principles, to incorporate ecological theory. At the same time, urban ecology
needs a coherent theory or framework in order to address these grand challenges and
contribute to urban sustainability (Niemel4 et al. 2011b). A socio-ecological framework that
encapsulates theory from the social and ecological sciences will improve understanding of
metropolitan dynamics and open up possibilities for improved, sustainable management of
urban ecosystems (Alberti 2008; Alberti and Marzluff 2004; Douglas 2011; Newman and
Jennings 2008; Niemel et al. 2011a). In addition to a socio-ecological framework, we argue
that the use of a comparative approach can strengthen understanding and management of
urban ecosystems. Studying Albuquerque or Adelaide or Addis Ababa in isolation, even
using a socio-ecological framework, can take us only so far in our comprehension and
management of urban ecosystems. Systematic comparative urban research across regions
and globally, driven by questions or hypotheses such as those offered in this paper, is a
critical and important next step in urban ecology (Hahs et al. 2009a). However, comparisons
must be bound by some common denominators, such as the biophysical, social, and
historical commonalities of regions.

A regional context may provide a sound basis for comparative research, but we also
suggest that a gradient approach is a useful mechanism for comparison. Differing magni-
tudes, densities, and extents of social and ecological variables between cities that share some
common characteristics allow researchers and managers to understand the role of key drivers
in the dynamics of urban ecosystems. Testing the convergence hypothesis, for instance,

@ Springer


http://www.census.gov/hhes/www/housing/housing_patterns/ch5.html
http://www.census.gov/hhes/www/housing/housing_patterns/ch5.html

804 Urban Ecosyst (2012) 15:795-807

would be more problematic if we compared Melbourne to Moscow rather than Melbourne to
Adelaide, because Australian cities have some common social and biophysical character-
istics that act, in essence, as controls. By selecting cities that fall on a gradient with
underlying common features, we can test and isolate the impact of differences in population
and wealth, for instance, on convergence because we have fewer confounding factors. The
second value of a gradient approach is the ability to substitute differences for time. In the
southwestern United States, Las Cruces has the opportunity to learn from the experiences,
failures, and successes of Albuquerque just as Albuquerque can learn from Phoenix. In this
regard, a comparative gradient approach has real value in advancing theory in urban ecology
and providing useful scenarios for sustainable management of metropolitan areas.
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