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Foreword
Laura A. Ogden

his is a book that offers a way for us to think about cities and

their social, political, and ecological complexity, as well as a

work that charts a path toward the possibility of more sus-

tainable cities in the future. Social theorists have thought long
and hard about the ways cities are utterly distinct even while they are
emerging and changing through their connections with other places.
For example, Raymond Williams in his 1973 classic, The Country and the
City, shows how the “country” and the “city” come into being as contin-
gent forms of social life during the transition to capitalism in Europe.
At the end of the book, Williams argues that cities are the catalyst for an
emerging international economic system, an argument that anticipates
contemporary theorists, such as Saskia Sassen, who offer compelling in-
sights into the role of cities in the making of the global.

Yet the authors of The Baltimore School of Urban Ecology extend
our understanding of cities considerably by treating cities as historically
constituted social-ecological forms. At best, cities are sites characterized
by shifting intensities—where beings, goods, and ideas saturate and re-
configure the boundaries between the social and the natural. The Bal-
timore School uses Baltimore, one of the most richly compelling cities
in the United States, as a kind of productive template for the creation
of ideas. These ideas help us understand the ways the city’s social and

vii
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ecological life are inseparable modes of existence, dynamically produced
in space and time. In the process, J. Morgan Grove, Mary Cadenasso,
Steward Pickett, Gary Machlis, and William R. Burch Jr. significantly
transform the discipline of ecology. Their approach is necessarily inter-
disciplinary and experimental because cities challenge boundaries of all
kinds.

On maps, city boundaries appear legible and discrete. Although this
characteristic can be quite comforting, as we all know, cities resist this kind
of containment. Spend time in Baltimore, and the fluidity of these bound-
aries becomes self-evident. In April, for example, chimney swifts settle in
Baltimore after spending their winters in the Amazon. On the ground, bird
lovers cluster together, their faces upturned in hopeful anticipation, as the
swifts create soaring vortexes in the sky before exhaustedly roosting in
Baltimore’s abandoned smokestacks. Simultaneously, e-birders around
the country monitor the swifts’ arrival in Baltimore, an event that looks
a lot like storm clouds when captured by satellite imagery. Swifts, often
described as flying cigars, are less showy than the Baltimore oriole. Of
course, sighting a Baltimore oriole actually in Baltimore itself would be
an ornithological rarity. Yet the Baltimore oriole, like Poe’s raven, per-
meates the city’s iconographic landscape. These birds, too, traverse the
globe, troubling the boundaries between city and country, the real and
the imaginary, nature and society.

We can map other lines of flight as well. Each day thousands of
federal workers commute to Washington, D.C., from Baltimore, re-
flecting the shifting geography of housing, labor, and governance. Con-
versely, about a third of the people working in Baltimore, at any given
time, actually live in the suburbs. Yet, when you are in the suburbs, there
is a good chance that the person working at the strip mall or restaurant
has triumphed over the reverse commute. This means that life in the
city, for people at least, is lived as routinized mobility. We often think
of time spent in transit as lost time, life on the periphery of real living.
But as the French anthropologist Marc Augé has shown us, traveling
these transit routes is a practice of history and memory. Instead of life
lost, the commute is life unfolding at the stop-and-go pace of a crowded
bus line. Along the way, monuments to the city’s collective history spark
personal, individualized memories as well. As we pass, for instance,
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Camden Street’s Babe Ruth statue, we may recognize one of baseball’s
greatest players. Or we may wonder, if we do not know his history, why
there is a statue of Babe Ruth in Baltimore anyway. In those same fleet-
ing moments, as the bus rolls along, perhaps the memory of a childhood
trip to a ball field floods our senses. On the commute, the past and the
present intermingle in barely recognized flashes of illumination, all in
the time it takes to glance up from the morning newspaper.

The city’s boundary-defying network of commuting workers re-
flects the realities of Baltimore’s post-industrial productivity as well as
the political economy of urban housing markets. Once, the production
of goods, particularly steel, tied Baltimore’s ports and workers to the rest
of the world. During this era, Frederick Douglass, the country’s most
famous abolitionist, worked as a child at the docks in Baltimore, a time
he considered crucial to his political awakening. Douglass’s coming-of-
age occurred in Fell’s Point, now an upscale neighborhood gentrified
with restaurants, bars, and tree-lined row houses. A few miles from here
stands Frederick Douglass High School, established in 1888 as one of
the first integrated public high schools in the United States. In the short
commute between these two sites, Douglass’s message of racial and
social equality has been muted by decades of uneven urban develop-
ment. Urban development has effaced other forms of liberation as well.
Hundreds of miles of streams are now hidden beneath the city’s sur-
face, forming a secret aquatic world. Occasionally, these streams erupt
through the pavement, leading to collapses in the city’s infrastructure.
In other places, these streams quietly leave the city, sometimes carrying
the city’s detritus into Chesapeake Bay.

In this book, what we used to call nature is not just the environ-
ment, a mode of life separate from society. Instead, the Baltimore School
insists on a research practice that seeks to understand urban social-
ecological relations and processes of change, as opposed to an approach
to studying ecology “in a city.” Central to this approach is an examina-
tion of the messy social and ecological patchiness that characterizes the
urban landscape. Although patchiness is a spatial and temporal lens, it
is important to note that these scholars do not shy away from the po-
litical. Instead, patchiness becomes a prism for understanding the pro-
cesses that create variation, including those leading to social and racial
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inequality in Baltimore. While the authors focus on Baltimore, the work
is an exemplar of patch dynamics in urban ecology more broadly.

Although this is a book of paradigm-shifting significance for those
interested in urban ecology, the authors also insist that understanding
cities is insufficient. Today, most of the world lives in cities. Urban living
has become the norm for what it means to be human and, by extension,
it has become the norm for other forms of life as well. For the past fifty
years, this normalization of urban life has continued at an exponential
pace around the globe, while rates of inequality for urban communities
of all kinds (human and nonhuman) keep pace. This context motivates
the Baltimore School’s urgent commitment to use science to develop
new visions for urban stewardship. Of equal importance, the school’s
science emerges out of long and careful collaborations with communi-
ties and activists who call Baltimore home. This is a book about Balti-
more’s past, present, and future, but its resonance reverberates to all the
far-flung places we all call home.



Preface

his book tells the story of nearly two decades of social and

ecological studies in Baltimore. We choose to tell this story

now for many reasons, both global and personal. One impor-

tant reason is that the majority of the world’s people lives in
urban areas. In the United States, it is a super majority, with more than
80 percent of Americans living in cities or suburbs. But the urban con-
dition is not constrained to a country or continent; it is a global trend.
Most of the urban growth by 2050 will occur in cities that have not yet
been built. The twenty-first century can already be conceived of as “the
urban century.”

The second reason for this book is the increasing ecological
knowledge about urban areas following from the growing scientific in-
vestments in the study of cities as urban ecological systems since the
mid-1990s. Indeed, there is growing appreciation that urban areas are
social-ecological systems and can be studied as such. An important step
forward for the study of urban areas was the funding of two long-term
ecological research (LTER) projects by the U.S. National Science Foun-
dation (NSF) in 1997: the Baltimore Ecosystem Study (BES) and the
Central Arizona—Phoenix (CAP) LTER projects.

But there is also an important practical motivation for our focus
on urban areas. Urban areas are increasingly engines of innovation to

xi
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mitigate and adapt to local, regional, and global social and environmen-
tal challenges. Urban areas are attempting to simultaneously address a
diverse range of issues, including human migration, public health, eco-
nomic restructuring, water supply, sea-level rise, and increasing temper-
atures. The complexity and interdependence of these issues have become
apparent as urban areas develop and implement plans to increase their
sustainability and resilience. Advancing the sustainability and resilience
of cities and urban regions is of local, regional, and global importance.

New approaches are needed for generating ecological knowledge
about urban systems. Of course, we are excited to satisfy basic scientific
curiosity about cities and urbanization. We marvel at the vitality of cit-
ies and seek to understand how they work as complex social-ecological
systems. New approaches are also needed because many seek to make
cities more sustainable and resilient in terms of people (social), place
(environment), and prosperity (economy). Equity is part of this tri-
umvirate. All three of these motivations—scientific curiosity, social-
ecological system complexity, and the multifaceted nature of sustaina-
bility and resilience—require new approaches for studying the city: its
regions, global connections, and internal changes.

This book is about an interdisciplinary approach for meeting new
needs for the study of cities: patch dynamics. In this book we advance
patch dynamics as an approach to integrate science disciplines and
practices in order to address the spatial, organizational, and temporal
complexity of urban areas. We do not propose patch dynamics as a the-
ory. Rather, we present patch dynamics as an approach toward building
theories, developing methods, and advancing practice. Although patch
dynamics is most familiar from ecology, we believe this approach will
resonate with many other disciplines and professions.

Because we consider patch dynamics to have broad relevance,
this book is intended for ecological and social scientists, for students
who are interested in studying cities or working across disciplines and
professions, and for practitioners—policy makers, planners, designers,
managers, and community activists—who confront complex and inter-
dependent urban issues. Finally, this book is intended for scientists and
practitioners who work in urban areas and seek to improve the connec-
tions between science and decision making. Increasingly, people recog-
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nize that complex urban issues require comprehensive approaches and
understandings that involve multiple disciplines and account for space,
scale, and time. Our goal is that readers of this book will gain new per-
spectives on how they can study, build, or manage cities.

We feel it is important to acknowledge what this book is not. This
book is not a textbook about urban ecology. It does not try to account
for and synthesize every idea, approach, or tradition. Rather, it is about
the development of an approach—patch dynamics—that has served as
the basis for the Baltimore Ecosystem Study since its beginning in 1997.
Thus, this book reflects our experiences, growth, and history of devel-
oping an urban ecology research program and, frankly, our passion for
all the nobility, quirks, venality, resilience, and beauty that is the history
and future of the city of Baltimore, its region, and the Chesapeake Bay.

The Chicago and Baltimore Schools of Urban Ecology

We use the term Baltimore School for our evolving approach to urban
ecology and as shorthand to highlight differences in theoretical content
and ambition from the Chicago School. Urban ecology has been used to
describe the work of the classic Chicago School of sociology. The Chi-
cago School of sociology was a pioneering approach in the 1920s that
attempted to establish a general theory of urban social systems. It em-
ployed ecological concepts such as competition, succession, and spatial
patchiness, but it did so using analogies rather than mechanistic models.

The Chicago School is problematic for several reasons. First, the
1920s Chicago sociologists did not fully reflect the contemporary eco-
logical thought of their time. They were unaware of the theoretical
controversies associated with key ideas they had adopted from ecology.
For example, the nature and causes of ecological succession and climax
communities were already being hotly debated as early as 1917. The Chi-
cago School also assumed that village or rural life was the ideal, and cit-
ies fell far from that state of grace. The Chicagoans established a tradi-
tion of emphasizing the pathologies they saw in cities, a habit continued
by many contemporary environmental scholars who have also assumed
that cities are a blight on the land. In sociology, the Chicago School has
long since been replaced and its critics have established other discipli-
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nary approaches for the study of cities as social systems. However, the
ecological approach represented by the classical Chicago School has
yet to be replaced by more contemporary ecological approaches to the
study of cities as social-ecological systems.

The Baltimore School is a contemporary approach to understand-
ing urban ecological systems and for increasing the practical capacity
to solve urban ecological problems. It is based upon four propositions,
which emphasize (1) the integrative use of contemporary social and eco-
logical concepts, theories, and methods and data; (2) the complexity of
cities in terms of space, scale, and time; (3) the use of midrange theories;
and (4) the linkages between science and decision making. Further, in
contrast to the Chicago School, we do not assume that cities and urban
systems should necessarily be viewed in negative environmental terms.
There are certainly costs of density and contagion in cities. But there are
also efficiencies of scale, savings in energy and materials, and benefits of
innovation and interaction that accrue to urban systems. Our concern is
not to judge cities but to understand how they are structured, how they
work, and how they change as integrated social-ecological systems over
time.

Structure of This Book

We have structured this book to describe the essential dimensions of the
patch dynamics approach to urban ecology, progressing from the con-
ceptual to practical applications. In chapter 1, “The Baltimore School of
Urban Ecology,” we introduce and describe the four key propositions
that define the Baltimore School. These four propositions are recurring
themes, implicitly and explicitly, through the remainder of the book.

In chapter 2, “Standing on the Shoulders of Giants: Intellectual
Challenges in the Ecology of Cities,” we discuss the historical connec-
tions between biophysical ecology and social science approaches to
urban ecology. To provide context to these historic connections, we first
provide a contemporary overview of ecology and its subdisciplines. We
then describe the Chicago School of urban ecology and the critiques of
its approach. We locate the Chicago School in the context of four dom-
inant biological perspectives that social scientists have used to study
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the city. We conclude by framing this historical narrative in terms of
spatial and organizational complexity for the study of urban ecological
systems.

In chapter 3, “Expanding the Landscape: Applying Patch Dynam-
ics to Social-Ecological Systems,” we define and describe the contempo-
rary form of patch dynamics from ecology, how it can be joined with the
social sciences, and how it can be applied to urban ecological systems.
An important facet of this approach is to be more inclusive of different
types of temporal complexity than addressed by the Chicago School,
and indeed even by the ecology of the late twentieth century. We dis-
cuss how a patch dynamics approach can be a useful and well-developed
conceptual tool for integrating contemporary perspectives from both
the biophysical and social sciences in order to address spatial hetero-
geneity at multiple levels of organization and different types of change
over the long term.

In chapter 4, “From Baltimore to Bangkok: Interdisciplinary Issues
and Strategies,” we address the interdisciplinary challenges and oppor-
tunities that figure into our integrative pursuit. In this chapter, we con-
sider the unique traits of urban ecological systems and their relevance
to patch dynamics. We discuss the benefits, strategies, and mechanics for
interdisciplinary patch dynamics in terms of problem recognition, the-
ory, methods and data, analysis, and application. We use examples from
Bangkok and Las Vegas to illustrate the challenges an interdisciplinary
patch dynamics approach must be capable of addressing.

In chapter 5, “Pixels, Plots, and Parcels: Data Issues and Strategies,”
we address empirical issues and strategies for the transition from an
ecology in cities to an ecology of cities. We expand upon the discussion
in chapter 4 regarding methods and data needs for an interdisciplinary
approach. Pixels, plots, and parcels are crucial building blocks of this
approach. These building blocks are part of an overall strategy that in-
cludes an extensive-intensive data framework, ways of knowing, and
midrange theories.

In chapter 6, “Cholera in London and Urban Tree Canopy in Balti-
more: Linking Science and Decision Making Through Patch Dynamics,”
we present two examples to illustrate the utility of a patch dynamics
approach to decision making. London’s cholera epidemic of 1854 and
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Baltimore’s urban tree canopy goal and sustainability plan provide one
historical and one contemporary case. We have also chosen these ex-
amples because they illustrate two important inflexion points in how
we conceive of cities: the Sanitary City that emerged in the late 1800s
and the Sustainable City that has been hoped for since the late 1900s. In
order to clearly connect our examples to a patch dynamics approach,
each illustration is described in terms of the story, the ways of knowing,
the data framework used, and the advances in practice and science.

In chapter 7, “Metacities and an Urban Land Ethic,” we consider
how ideas of space, place, and ecosystems have threaded through the
course of the book. We introduce the idea of metacities: the concept
that cities may consist of a variety of mosaic landscapes, each of which
reflects particular perspectives on urban structure and functioning. A
patch dynamics approach can bring together the diverse perspectives of
a metacity in order to envision and bring about desirable urban futures.
Finally, just as Aldo Leopold saw the roots of ecology as the basis for a
land ethic, we consider how an ecology of cities and a patch dynamics
approach to space, place, and time may provide the seeds for an urban
land ethic and more equitable and resilient cities in the future.

You can access all of the figures in the book at http://beslter.org/landing
-Baltimore-Urban-Ecology-book.html, where the figures are available
to view and share.
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The Baltimore School of
Urban Ecology

rban systems have seemed to most ecologists to be so dras-
tically different from the places they were trained to study
that any work in urban areas has often been done with hes-
itation. This hesitation may have also been the result of not
having social scientists to collaborate with and share the journey. What-
ever the reason, ecologists have generally conducted research in cities in
specific locations that were analogs of the kinds of rural places where
they were accustomed to working. These urban studies tended to focus
on ecologically familiar places and compared urban and nonurban
areas: parks as analogs of rural forests and vacant lots as analogs of
fields or prairies. Urban streams and remnant wetlands were the object
of ecological studies similar in scope and method to those conducted
in nonurban landscapes. The standard tool kit of ecology worked in
such urban-rural comparisons with little modification. Sometimes it
may have been necessary in urban areas to mark research plots in in-
conspicuous ways, and research may have had to be scheduled to avoid
conflicting or unsafe activities in some locations. By and large, however,
urban ecology prior to the 1990s sought out familiar kinds of places
within various urban contexts. This approach can be labeled an ecology
in the city.!
Since the mid-1990s, a significant transition in urban ecology has
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occurred, focusing on a strikingly different research ambition and
agenda. In Baltimore, we have wanted to move beyond the traditional
ecological comfort zone and examine the ecological structure and func-
tioning of all kinds of habitats and areas within the metropolitan region.
Furthermore, we have sought to promote interactions among biophys-
ical and social scientists. As a result, we have developed an ecology of
the city as a complement to an ecology in the city. This approach has
proven widely useful. Yet it is important to recognize that both research
approaches—ecology in and ecology of—are necessary and indeed
complementary for a full understanding of the ecology of urban social-
ecological systems.

Our approach to the ecology of urban social-ecological systems is
based on four essential propositions. First is that the ecology of cities ad-
dresses the complete mosaic of land uses and management in metropolitan
systems, not just the green spaces as rural analogs that were the focus
of ecology in cities. Our approach to urban ecology requires that we
understand urban mosaics as integrated ecosystems consisting of biotic,
physical, social, and built components (figure 1.1). This proposition is
fully compatible with the definition and use of the ecosystem concept
in mainstream contemporary ecology. Indeed, Tansley’s original discus-
sion of the ecosystem concept in 1935 emphasized the role of humans.’
While the basic definition of the ecosystem as a biotic complex inter-
acting with a physical context in a specified spatial frame can apply to
urban systems, it has proven useful to explicitly include the social and
built components to avoid any confusion about whether physical and
biotic complexes include or exclude social systems and human infra-
structure within urban areas. A major aid to our efforts to integrate the
biophysical and social sciences is the human ecosystem framework de-
veloped by Machlis and others in order to incorporate social structures
and interactions within the scope of the ecosystem.* With this perspec-
tive, we see humans and their institutions as a part of the ecosystem, not
external to it.

Our second proposition is that the urban mosaic is complex in terms
of space, scale, and time. Spatial heterogeneity, expressed as gradients or
mosaics, is critical for explaining interactions and changes in the city.
Since the middle of the twentieth century, ecology has become increas-
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The Human Ecosystem

The Bioecological Ecosystem
E Biotic I I Physical .
' Complex Complex :
Social I I Built
Complex Complex

Figure 1.1. The human ecosystem concept, showing its expansion from the bio-
ecological concept of the ecosystem as proposed originally by Tansley inside
the dashed line. The expansion incorporates a social complex and a built com-
plex, which includes land modifications, buildings, infrastructure, and other
artifacts. Both the biotic and the physical environmental complexes of urban
systems are expected to differ from those in nonurban ecosystems.

ingly aware of the need to understand spatial heterogeneity.” Gone are
the days when ecosystems could be considered uniformly mixed and
the system to be in equilibrium.® Landscape ecology, metacommunity
ecology, and metapopulation ecology, emerging from developments in
island biogeography and population genetics, have made spatial heteroge-
neity a core topic of ecological research and application.” This awareness
has prepared ecologists to examine the fine-scale heterogeneity so often
encountered in urban systems, where turning a corner might reveal a new
patch defined by contrasts in biotic, social, or physical structures—or,
more likely, all three. The functional significance of such a patchwork
has been an irresistible research topic, resonating with both urban real-
ity and new thinking in the ecological and geosciences. Spatial hetero-
geneity, the changes in heterogeneous patchworks, and the fluxes across
patch boundaries and entire patchy mosaics is the purview of the the-
ory of hierarchical patch dynamics.® This concept has provided a bridge
for comparison with other urban areas, notably the Central Arizona—
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Phoenix LTER,’ and as a bridge to linking with the theory and practice
of urban design, which itself is acutely tuned to spatial heterogeneity.'

Spatial heterogeneity can be examined with increasing levels of
analytical complexity (figure 1.2 and plate 1)."" Complexity increases as
the analysis moves from patch type and the number of each type to
spatial configuration and to changes in the mosaic over time."? At the
simplest level of spatial complexity, systems can be described in terms
of a set of spatial patch types. Richness of patch types summarizes the
number of patch types making up the set. Analytical complexity is in-
creased when the number of each patch type in an area is quantified.
This measurement is expressed as patch frequency. How those patches
are arranged in space relative to each other increases the complexity of
understanding the spatial heterogeneity and structure of the system."
Finally, each patch can change over time. Which patches change, and
how they change and shift identity constitutes a higher level of spatial
complexity. The most complex characterization of system heterogeneity
occurs when the system is quantified as a shifting mosaic of patches or,
in other words, when the patch dynamics of the system is spatially ex-
plicit and quantified. Although the passage of time is an element at the
highest level of spatial complexity, this is distinct from temporal com-
plexity, where the function of phenomena such as lags and legacies is
examined.

Organizational complexity relates to the interactions within and
among social and ecological scales of organization (figure 1.2). For in-
stance, humans organize and interact at multiple social scales, from in-
dividuals to households, neighborhoods, and complex and persistent
government jurisdictions. Organizational complexity can be examined
with increasing levels of analysis, reflecting the increasing connectivity
of the basic units that control system dynamics within and among scales
of social and ecological organization. Within organizational hierarchies,
causality can move upward or downward.'* Organizational complexity
drives system resilience, or the capacity to adjust to shifting external
conditions or internal feedbacks."” Following our structural approach
(figure 1.2), we return to a spatial patch as an example of the basic
functional unit of a system to explain organizational complexity more
fully. The simplest level of organizational complexity is within-patch
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Figure 1.2. Framework for complexity of social-ecological systems. The three di-
mensions of complexity are spatial heterogeneity, organizational connectivity,
and temporal contingency. Components of the framework are arrayed along
each axis, increasing in complexity from top to bottom. A more complex un-
derstanding of spatial heterogeneity is achieved as quantification moves from
patch richness, frequency, and configuration to patch change and the shift in the
patch mosaic. Complexity in organizational connectivity increases from with-
in-unit processes to the interaction of units and the regulation of that interaction
to functional patch dynamics. Historical contingency increases in complexity
from contemporary direct effects through lags and legacies to slowly emerging
indirect effects. While not shown in the figure, organizational connectivity can be
assessed within and between levels of organization. (See also Plate 1.)

processes. When the interactions among patches are incorporated, an-
alytical complexity increases. Understanding how interactions may be
regulated by the boundary among patches constitutes a still higher level
of complexity. The analytical complexity increases further by examin-
ing whether patch interactions are controlled by features of the patches
themselves in addition to the boundary. Finally, the highest level of an-
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alytical complexity on the organizational axis is the functional signifi-
cance of patch connectivity for patch dynamics, both of a single patch
and of the entire patch mosaic within and between scales.'®

Temporal complexity addresses the historical contingencies that in-
clude legacies, path dependencies, and temporal lags in urban ecological
systems."” The historical distribution of physical environmental condi-
tions, soils, and biota can influence contemporary and future ecological
and social conditions. The built environment is itself a legacy in many
urban systems. Certainly this is the case in Baltimore, which was estab-
lished in 1792. The persistent template of the old market roads as well as the
newer road networks present a powerful legacy. The clashing street grids,
with their alteration of hydrology and demarcation of neighborhoods, and
the partially implemented Olmsted Brothers parks and parkways plan are
another form of legacy. Social legacies include the legal segregation of Af-
rican Americans during the Jim Crow era and the later “redlining” by the
federal Home Owners’ Loan Corporation. Such social legacies have en-
vironmental and social consequences today. The historic distributions of
social groups, economic classes, and housing characteristics affect different
aspects of contemporary vegetation in residential parcels.

Temporal complexity refers to relationships that extend beyond
direct, contemporary ones. Historical contingency includes the influ-
ence of indirect effects: legacies or apparent memory of past states of
the system, the existence of lagged effects, and the presence of slowly
appearing indirect effects constitute increasing historical complexity
(figure 1.2)." To illustrate the analytical levels of this axis, we start with
the simple or contemporary ones. Contemporary interactions include
those interactions where element A influences element B directly. Indi-
rect contemporary interactions involve a third component, C, to trans-
mit the effect of A on B. An interaction is lagged if the influence of ele-
ment A on element B is not immediate but manifested over some time
period. A higher level of temporal complexity is invoked by legacies.
Legacies are created when element A modifies the environment and that
modification, whether it be structural or functional, eventually influ-
ences element B. At the high end of the temporal complexity axis are
slowly emerging indirect effects. These types of interactions occur when
the apparent interaction of elements A and B is illusory and element B is
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actually influenced by some earlier state of element A and that influence
is mediated through an additional element, C.

Our third proposition is that an ecology of cities is an integrative
pursuit. We have already identified Machlis and colleagues’ human eco-
system framework as an integrative frame for urban ecology (figure
1.3)." This framework requires concepts, theories, methods, and data
from the social and biophysical sciences. We recognize that the social
and biophysical sciences writ large can be further categorized in terms
of disciplines such as psychology, anthropology, geography, sociology,
political science, economics, physics, chemistry, geology, biology, mete-
orology, and ecology, and that these disciplines can be further catego-
rized into subdisciplines. We recognize too that some disciplines include
spatial dynamics in their questions and explanations while others do
not. Some disciplines tend to focus on one level or scale of organization
over another. And some disciplines tend to focus on long-term changes
measured in centuries to millennia while others address changes meas-
ured in seconds to days. Thus, an ecology of cities needs to be open to
and capable of integrating diverse disciplines across the urban mosaic in
terms of spatial, organizational, and temporal complexity.

We purposefully use the term pursuit in our third proposition to
signal a goal. Ultimately, our goal for an ecology of cities is to move
beyond the comparative understandings associated with urban-rural
analogs from an ecology in cities. With an ecology of cities, our goal
is to pursue a more general scientific understanding of urban ecolog-
ical systems and increase the practical capacity to comprehensively and
systematically solve urban ecological problems. Such a general scientific
understanding might take the form of a “general systems theory.” This
goal recognizes that currently there is no comprehensive theory of urban
ecological systems, much less of social-ecological systems as a whole.

Although there is no comprehensive theory of urban ecological
systems, we have a diversity of theories from the social and biophysi-
cal sciences from which to build. We suggest that these theories might
be best described as midrange theories. The idea of midrange theory
comes from the sociologist Robert Merton.”® Merton proposed the idea
of midrange theory in 1949 in his essay “On Sociological Theories of the
Middle Range” because he was concerned ultimately with the develop-
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inequitable distribution of critical resources.

ment of a unified, or general systems, theory of sociology. This interest

paralleled the concern in other disciplines at that time to develop, for

instance, a unified theory of physics or a unified theory of biology.

Merton cautioned his sociological colleagues that it was premature

to expect to have achieved a general systems theory of society. Rather,

he recommended that sociologists should focus on theories of the

middle range, which could be located between “the minor but neces-

sary working hypotheses that evolve in abundance during day-to-day

research and the all-inclusive systematic efforts to develop a unified the-
ory that will explain all the observed uniformities of social behavior,

social organization, and social change.

»21
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Critical to theories of the middle range is that they point to distinc-
tive theoretical problems or questions, suggest specific hypotheses that
can be empirically tested, and can be generalized to new phenomena or
conditions. Thus, Merton asserted in the case of sociology that middle
range theories are intermediate and distinctive from general systems
theories that “are too remote from particular classes of social behav-
ior, organization, and change” to be empirically and conclusively tested.
Merton was careful to emphasize that although middle range theories
involve abstractions, those abstractions could be empirically and con-
clusively tested. Middle range theories are also intermediate and distinc-
tive from the “detailed, orderly descriptions” of minor working hypoth-
eses that cannot be generalized to other conditions or phenomenon.?

Merton’s concept of midrange theory is relevant to our third prop-
osition in two ways. First, although the term midrange theory emerged
from sociology, it is appropriate to other disciplines in the social and
biophysical sciences. In his essay for instance, Merton draws parallels
to Gilbert’s theory of magnetism, Darwin’s theory on the formation
of coral atolls, and Boyle’s theory of atmospheric pressure. Merton de-
scribes how each of these theories could be understood as a midrange
theory. The disciplines needed for our integrative pursuit have many
theories that may be fruitfully understood as midrange theories. Our
preceding two propositions suggest some potential directions for en-
hancing and combining midrange theories from diverse disciplines. For
instance, midrange theories may have variables in common, although
the same variable may be the independent variable for one theory and
the dependent variable for another. Furthermore, midrange theories
may be linked and enhanced by shared or complementary assumptions
about spatial, organizational, or temporal complexity. Or midrange
theories may be linked by their relevance to a common practical prob-
lem. Moreover, it remains premature to declare that we have achieved
a general systems theory of urban ecological systems. The field is in a
developmental stage and theories of the middle range are our building
blocks. We are most likely to advance a general systems understanding
of urban ecological systems by developing, integrating, and consolidat-
ing theories of the middle range.

Our fourth proposition is that an ecology of cities can be useful to
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link and advance both decision making and urban ecology science. The
typical types of questions that decision makers ask in order to address
a problem are: what to do, where, how, how much, by whom, when, and
for how long? These types of questions can be seen as components of
the decision maker’s solution and correspond to our propositions. For
instance, the decision maker’s questions “what,” “how,” and “how much”
are questions about the parts of the system. “Where” corresponds to spa-
tial complexity. “Who” matches to organizational complexity. “When” and
“for how long” correspond to temporal complexity. Further, these types of
questions are not exclusive to “environmental problems”; they are char-
acteristic of many issues faced in urban areas such as public safety, health,
recreation, urban design, and community and economic development.

The context for asking these decision-making questions has shifted
subtly but significantly since the 1990s. Historically, issues associated
with public safety, health, recreation, and community and economic
development were addressed in isolation by decision makers, much
as the analogs from an ecology in cities were treated in isolation from
the complete spatial mosaics of an ecology of cities. However, decision
makers increasingly ask how these issues can be addressed comprehen-
sively and systematically in terms of urban sustainability and resilience.
These individual issues and their associated public agencies and NGOs
are increasingly entangled and are to be understood not in isolation but
as interdependent problems requiring interdependent solutions. This
decision-making shift requires understanding and addressing problems
in terms of multiple and interacting social and biophysical drivers and
outcomes, connectivity across space and among levels of organization,
and short- and long-term trends and solutions.

Our experience in Baltimore suggests that there can be dynamic
feedbacks between decision makers and scientists to help decision
makers address the new context they face and to build a more general
understanding of urban ecological systems (figure 1.4).? Our generic
illustration begins with the separate disciplines of traditional ecology,
economics, and social sciences incorporated into a management or pol-
icy concern. A management or policy action (Action ) results. Manage-
ment monitors the practical outcome to evaluate whether the desired
result was achieved. Contemporary urban ecology, which includes so-
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Figure 1.4. Dynamic links between science and decision making: an abstracted
cycle of interactions among scientists and decision makers.

cial sciences and economics, is then available to conduct research that
recognizes the meshing of natural processes with management and pol-
icy actions. Combining an ecology of cities with the concerns of manag-
ers can generate a partnership to enhance the joint evaluation of man-
agement actions. New or alternative management actions can result to
address additional management concerns (Actions ).

The dynamic feedbacks between decision making and science in
figure 1.4 illustrate the potential for advancing the scientific understand-
ing of urban ecological systems. But what kind of science is most likely
to be advanced? We have already made the case for a midrange theory
perspective. Another perspective is to think of science as either basic
or applied. Given the potential dynamic connections we see between
decision makers and scientists, we advance the perspective of midrange
theories in the context of what Stokes calls “Pasteur’s quadrant” (figure
1.5).* Three of these quadrants are of particular interest for urban eco-
logical research. The two most familiar quadrants may be the first and
third. Stokes defines the first quadrant, “pure basic research,” as science
performed without concern for practical ends. This quadrant is labeled
“Bohr’s quadrant” since physicist Nils Bohr had no immediate concern
for use as he worked to develop a structural understanding of the atom.
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In this quadrant urban ecologists work to understand physical, biolog-
ical, and social laws that advance our fundamental understanding of
the world. For instance, urban systems can be useful end members for
understanding the effects of altered climates, organismal components,
substrates, and landforms, or changes in livelihoods and lifestyles on
consumption, social institutions, identity, and status. The third quad-
rant, “pure applied research,” is defined as science performed to solve
a social problem without regard for advancing fundamental theory or
scientific methodology. Stokes labeled this “Edison’s quadrant” since in-
ventor Thomas Edison never considered the underlying implications of
his discoveries in his pursuit of commercial illumination. In this quad-
rant urban ecologists work to develop solutions to specific problems,
such as bio-retention systems for removing pollutants from stormwater
or social marketing to increase household participation in tree-planting
programs. Stokes defines the second quadrant, “use-inspired basic,” as
science that is designed to both enhance fundamental understanding
and address a practical issue. This quadrant is labeled “Pasteur’s quad-
rant” because biologist Louis Pasteur’s work on immunology and vac-
cination both advanced our fundamental understanding of biology and
saved countless lives. In this quadrant urban ecologists work to advance
scientific theories and methods while addressing practical problems.
For example, how do households’ locational choices affect ecosystem
services and vulnerability to climate change, or how do ecological struc-
tures and social institutions interact over the long term to affect urban
resilience and sustainability? While some of our work in Baltimore can
be located in each of these three quadrants, most of our research in Bal-
timore is use-inspired basic.

In summary, our ambition in Baltimore since the mid-1990s has
been to develop a new approach to urban ecology: an ecology of cit-
ies. Our approach to an ecology of cities is based on four propositions.
First, the ecology of cities addresses the complete mosaic of land uses
and management in metropolitan systems. Second, the urban mosaic
is complex: spatially, organizationally, and temporally. Third, an ecol-
ogy of cities is an integrative pursuit utilizing midrange theories and
is often designed to both enhance fundamental understanding and ad-
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Figure 1.5. Stokes’s Pasteur’s quadrant. In Pasteur’s quadrant, Stokes categorizes
four different types of research. Most research associated with our work in Bal-
timore would be located in the quadrant of use-inspired basic research.

dress practical issues. Ultimately, our goal is to develop a more general
scientific understanding of urban ecological systems and to increase the
practical capacity of decision makers to address the complexity and in-
terdependence of urban ecological problems. Fourth, an ecology of cit-
ies can be useful for linking and advancing both practice and science.

Patch Dynamics: A Contemporary Approach
for an Ecology of Cities

The Baltimore School of urban ecology employs a patch dynamics ap-
proach for several reasons. First, a patch dynamics approach is useful for
making the transition from an ecology in cities to an ecology of cities. It
provides a structural approach for addressing mosaics, complexity, and
social-ecological integration in ways that are useful to both science and
decision making. Further, although patch dynamics initially comes from
ecology, it privileges neither the biophysical nor social sciences, nor theo-
ries, methods, or data from any particular discipline. Indeed, we believe a
patch dynamics approach has a sufficient number of conceptual and em-
pirical hooks that it resonates with a variety of disciplines and professions.
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The remainder of the book describes the essential dimensions of a
patch dynamics approach to urban ecology, progressing from the con-
ceptual to practical applications. To set the stage for the contemporary
approach of patch dynamics and urban ecological systems, we first trace
the historical connections between biophysical ecology and the social
sciences in urban ecology in the next chapter.
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Standing on the Shoulders of Giants
Intellectual Challenges in the Ecology of Cities

So That We May See Further

city is many things. As the introduction of the old Dragnet
television series (and the radio series that preceded it) had it:
“There are 8 million stories in the naked city.” This referred
to the complexity that was New York City at the time and
prepared the audience for the week’s episode, which would tell one tale in
the search for and capture of nefarious criminals. But there are many sto-
ries about any city. And there are many ways to conceive of these stories.
We have found that the rich and creative growth of intellectual
themes for the study of cities from the social sciences and urban design
have occurred independently of the development of biophysical ecology.
We recognize that for much of its history, biophysical ecology has avoided
studying the city, with a few notable exceptions. Despite this avoidance,
ecological concepts and theory have influenced the development of urban
thought in other disciplines. Although many works in the social sciences
draw upon ecological literature, we note that much of the ecology in-
corporated in these efforts predates the new layers and perspectives that
have emerged in contemporary ecology. In other words, most of what has
developed historically as urban ecology from the social sciences has oc-
curred without being informed by the contemporary ecology of its time.
In this chapter we weave together the development of perspectives

15
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about city form and function from the fields of sociology and biophys-
ical ecology. We cannot be exhaustive. Instead, we trace some parallel
trajectories and highlight reciprocal influences. Our narrative is guided
by focusing on themes that resonate among disciplines and uses a con-
cern with spatial pattern and process as a synthetic node around which
to integrate this discussion. Spatial patterns and processes of spatial
change have emerged as a central theme in contemporary biophysical
ecology over the past several decades. Similarly, spatial pattern has been
both central and controversial in social approaches to studying cities.
Indeed, spatial pattern and change are two of the most conspicuous at-
tributes of urban systems to specialists and casual observers alike. In
order to develop a synthesis of contemporary biophysical themes with
themes derived from various social sciences, we seek a way to organize
and harmonize the “8 million stories” that have been told and are being
told about the metropolis as an ecological system.

The goal of this chapter is to discuss the historical connections be-
tween biophysical ecology and sociological approaches to urban ecology.
This historical narrative lays the foundation for linking the study of spatial
heterogeneity in the social and economic sciences with the contemporary
understanding of spatial heterogeneity in biophysical ecology that we dis-
cuss in chapter 3. We believe the true scope of contemporary ecology of-
fers a much firmer foundation for linkages with the social and economic
sciences than in fact most practitioners of those disciplines may realize.

To provide context to these historical connections, we first give
an overview of contemporary ecology and its subdisciplines. We then
describe the Chicago School of urban ecology and some of its critiques.
We locate the Chicago School in the context of four dominant biological
perspectives that social scientists have used for the study of cities. We
conclude this historical narrative in terms of spatial and organizational
complexity issues for the study of urban ecological systems.

A Contemporary Perspective on the Science of Ecology

Ecology originated in the late nineteenth century as a synthesis of botan-
ical and zoological studies of the distribution and abundance of organ-
isms. It was fueled by the rich biogeographic data that had accumulated
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during the voyages of “discovery” by European colonial powers and the
explorations that followed those landings and treks. The physiological
capacities, structural adaptations, and evolutionary histories of organ-
isms were the early ecologist’s stock-in-trade. In its early form, ecology
was defined as the study of the interaction between organisms and their
environment. In most cases the term environment was interpreted as the
physical resources and constraints, along with habitat attributes, that
organisms experienced. Notable in this definition is the focus on inter-
actions. We believe this focus is unusual in the definitions of sciences,
which more commonly emphasize the objects of study rather than the
interactions between objects and their environments.

From this initial synthesis that defined ecology, additional layers of
complexity were eventually addressed. Over time, ecology came to link
with and help unify an impressive array of specialties. As the twentieth cen-
tury unfolded, biophysical ecologists added a number of subdisciplines—
animal population ecology, population genetics, plant population biol-
ogy, ecosystem ecology and biogeochemistry, and landscape ecology—to
highlight some of the more obvious growths of ecology (figure 2.1). In
order to account for the new areas and concerns that these kinds of bio-
physical ecology have opened up, it is useful to state a broader definition of
ecology. Although it maintains its traditional focus on organismal-physical
environment interactions that the original definition established, ecology
is the scientific study of the processes influencing the distribution and abun-
dance of organisms, the interactions among organisms, the interactions be-
tween organisms, and the transformation and flux of energy and matter."

This new definition broadens the traditional focus on interactions
by adding interactions between organisms. However, the addition of
organism-organism interactions, especially across trophic levels, has
alerted ecologists to new types of interactions. Interactions between mi-
crobes and plants, between plants and consumers, between animals and
disease organisms, between dispersers and pollinators and the plants
and animals that depend on them for transport and reproduction have
all become major types of study that were rare or absent during the first
fifty years of the twentieth century. This addition of a complex set of in-
teractions increases the evolutionary significance of ecological studies.
Ecosystem ecology is an additional source of novelty. It has added the
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Figure 2.1. A diagram of the thematic history of biological ecology. The most
recent development is a focus on social-ecological systems (SES).

study of transformations of matter and energy, expressed using a bud-
getary approach, to the work of biophysical ecologists.

Along with its new focus on biotic interactions and transforma-
tions, biophysical ecology has been altered literally by new viewpoints
made possible by technological advances. With the increasing availabil-
ity of remote sensing, such as aerial photography and satellite imagery,
ecologists can encompass much more in a single view than the founders
of the discipline could see. This expanded scope has invited new kinds of
comparisons and alerted ecologists to the great spatial heterogeneity of the
systems they study. The broader spatial scope is evident in the relatively
new discipline of landscape ecology, which was codified in the United
States in the mid-1980s,” although it emerged earlier in Europe and with
stronger connections to planning and social concerns. Taking into ac-
count the increased spatial concern of ecology, which is not obvious in
our earlier definition, gives a more complete sense of how ecology has
evolved in the second half of the twentieth century to produce the con-
temporary view of ecology, which is broad, inclusive, and spatially aware



Box 2.1. A Brief History of Ecology and Description
of the Science of Ecology

Ecology as a professional discipline was initially recognized
in the first two decades of the twentieth century. However, ecology
had its roots in the voyages of European discovery and the biogeo-
graphic insights that emerged from that global exploration in the
late 1700s and 1800s. Alexander von Humboldt’s travels, the explo-
rations of the students of Linnaeus, and the voyage of the Beagle
are some of the most famous and consequential of such travels.
Ecology emerged from a combination of field botany, plant physi-
ology, and field zoology to explain the patterns documented in the
age of discovery. Perhaps the first explicitly ecological theory was
that of vegetation succession, which emerged around 1900. Although
it recognized that plant communities were dynamic, that dynamism
was constrained by assumptions of equilibrium end points and the
goal of community stabilization. However, this established the con-
cern of ecology with community change, which nourished paleo-
ecology, disturbance ecology, and later resilience ecology, for example.

Close on the heels of dynamic ecology was the ecology of
animal populations. First pioneered by mathematical ecologists
such as Volterra and Lotka in the 1920s, this field was primarily the
province of animal ecologists and theoreticians. It shared a focus
on competition with dynamic community ecology but added con-
cerns of predation and processes of the niche, such as convergence
and stable coexistence. This approach was the initial locus of in-
corporating evolutionary thinking into ecology in the 1960s, when
plants were finally brought under the population tent as well.

After World War II and the spread of systems thinking from
the cybernetics developed by the military establishment, ecosystem
ecology emerged as a newly recognized ecological specialty. The
concept of ecosystem had been introduced in the 1930s and first
applied to field studies in the 1940s. However, it was the impetus
of the postwar promulgation of systems thinking that finally facil-
itated a home in biological ecology for ecosystems. The aggregate
metabolism of communities and their associated physical environ-
ments was and remains the core of ecosystem ecology.




In the 1970s, ecology began to turn its attention to factors
that generated or maintained heterogeneity in the systems ecolo-
gists studied, in contrast with the earlier assumption or assertion
of spatial uniformity. Landscape ecology had its birth in this de-
cade, although the precedent of island biogeography dates to the
late 1960s, and some theoretical and empirical pioneers had argued
for the importance of spatial heterogeneity even earlier. Landscape
ecology consolidated the concern with spatial heterogeneity and
also helped reinforce a temporal perspective in ecology. The birth
of landscape ecology coincided with an increasing concern for in-
tegration across scales and approaches in ecology and signaled a
realization that human artifacts and activities were common com-
ponents of ecosystems and regions in which they had often been
ignored by biological ecologists. This realization ushered in the
millennial age, in which synthesis of the evolving ecological con-
cerns adopted the role of humans as both external and internal
components of ecological systems. Hence, the current age is one of
social-ecological systems (SES).

The contemporary conceptual frameworks of all the ecolog-
ical approaches now operate under a nonequilibrium paradigm.
Dynamics are seen as probabilistic rather than deterministic; the
openness of systems (whether populations, ecosystems, patches, or
landscapes) is recognized, as is the fact that open systems may be
regulated in part by fluxes that originate outside their boundaries.
Furthermore, the dynamics are not seen as aimed at single fixed
stable end points, and disturbances are seen to influence system
structure and function. Finally, humans—as social and engineer-
ing agents—are an undeniable part of ecological systems.

This quick and crude cartoon of ecological history slices a
subtle intellectual and empirical tradition much too coarsely. How-
ever, it suggests that the relationships between the social sciences
and the bioecological sciences will have had a dynamic and shift-
ing base for relationship through time. The ages of ecology may be
better described as approaches to ecological subjects, or as lenses
of observation. The different approaches often have different scales
and technologies of study, and often speak incommensurate con-
ceptual languages. In addition, all of these approaches, in their




evolved forms, continue to contribute to the whole of contempo-
rary ecology. They do so under quite different conceptual rubrics
than were dominant in the early years of each.

This overview of ecological history does not show the perva-
sive influence of the “proto-ecologist” Charles Darwin in establishing
competition as a key ecological mechanism, nor does it suggest his in-
fluence in focusing biology and other disciplines, such as geomorphol-
ogy and social science, on change. Furthermore, with the exception of
the mention of cybernetics from the World War II effort, it ignores
shifts in the cultural and political contexts of the science.

This cartoon also fails to show the unraveling and intertwin-
ing of knowledge, techniques, and questions as the approaches
mature through time. Fortunately, contemporary ecology is much
more like a braided stream than the separate roads illustrated here
for graphic simplicity. Integration is the hallmark of pioneering
work in all ecological approaches now.

(see box 2.1: “A Brief History of Ecology and Description of the Science
of Ecology”). It is against this backdrop that an overview of key themes
and the potential for cross-fertilization with disciplines beyond bio-
physical ecology can be considered for a contemporary urban ecology.

Intellectual Themes from Sociology and Parallels
with Biophysical Ecology

To advance a contemporary urban ecology, we return to the past. We
do this not to be bound by the past but to understand some of the ideas
that have shaped the themes that continue to resonate today. Over the
roughly one hundred years of sociological attention to the city, use of
ecological concepts for the study of cities has evolved. A simple synop-
sis can be extracted from this complex history. Initially, human ecol-
ogy emphasized the spatial dimension with few variables included, and
most of those were from biophysical ecology. City growth was thought
to be driven by collective action and was controlled from the top down.
In reaction to this spatially determined theory, an aspatial alternative
emerged. The second wave of human ecology emphasized behaviors
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rather than spatial relationships. In this approach, urban change was
driven by individual action and emerged from the bottom up. During
this phase, many additional factors were added to the explanatory tool
kit. The current phase of urban social-ecological research attempts to
integrate these two approaches by combining a spatial framework with
different types of drivers of change. We will expand this brief synopsis
and point to the influence of biophysical ecological concepts and theo-
ries at various stages.

THE FIRST STEPS IN HUMAN ECOLOGY AND THE CITY:
THE CHICAGO SCHOOL AND CRITIQUES

The first set of themes we will summarize emerged from the Chicago
School in the first quarter of the twentieth century. The Chicago School
is relevant not only because of the themes that emerged from it but
because its frequent label as a school of urban ecology may lead indi-
viduals new to urban ecology to believe that the Chicago School typifies
urban ecology as a science today. Although there are connections be-
tween the birth of urban sociology in the Chicago School and the early
science of ecology in America, the two are not the same. Our survey
reinforces both these points.

The Chicago School is well represented in one of its seminal publi-
cations. Park, Burgess, and McKenzie’s landmark publication, The City:
Suggestions for the Investigation of Human Behavior in the Urban Envi-
ronment, in 1925 formally introduced human ecology as a new research
agenda for sociology and the study of cities in America.’ For these so-
ciologists, the emergence of the industrial city represented a major so-
cietal transition toward modernism—from a traditional and idealized
agricultural and mercantile society, in which the production and trade
of agricultural goods and commodities was paramount, to an industrial
and chaotic society in which the production and trade of manufactured
goods was the chief process. The Chicago School also focused on many
of the social changes that had resulted at that time from the rapid ex-
pansion of America’s urban areas due to the mass immigration of peo-
ple from Europe and rural America. The explosive growth of the city,
the confluence of people from diverse backgrounds, the breakdown of
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old ways, and the changes that were necessary for a viable new urban life
caught the imagination of adherents of the Chicago School. Thus, there
were complex and unprecedented urban problems that needed to be
understood and solved.*

The Chicago School, founded at the University of Chicago and led
by members of the first university department of sociology in the United
States, initially focused on space and differentiation in the city. Impor-
tant early developments in American ecology were also taking place at
the University of Chicago, where the concept of vegetation succession
was introduced and exemplified in the dune systems of Lake Michigan.
An academic neighbor, the University of Illinois in Urbana-Champaign,
was also an early center of American ecology, where important theories
and methods of vegetation gradients, animal ecology, differential adap-
tation to environment, and quantitative sampling of communities were
developed. Drawing on this biophysical context, the Chicago School es-
tablished the city as a suitable topic for sociological study and sought pat-
terns and regularities aimed at creating a general theory of urban areas.”

There were several important members of the Chicago School, in-
cluding Robert Park, Ernest Burgess, and Roderick McKenzie. Robert
Park was especially biologically aware. He focused on the adjustment
of human groups to the environment, just as biophysical ecologists
were concerned with the adaptation of plants and animals. He viewed
economic competition as a special case of the ecological interactions
that humans added to the biotic precedent. Initially, Park included both
cultural and biotic drivers for urban organization. Cultural drivers in-
cluded such things as the organization of neighborhoods by ties of co-
operation, shared values, and the similar backgrounds of residents. In
contrast, the “biotic” drivers included competition and functional dif-
ferences. Functional differences were considered to be such factors as
social class and occupation. Even though there were identifiable driving
factors, the mechanisms for the differentiation and distribution of the
human population were not organized. The human sorting was not pre-
meditated or prescribed. Rather, different areas took on characteristics
of their inhabitants. It was in this sense that social organization took
place, not in some rational allocation of space in the city. But under
Park’s model, social organization drove the physical organization of the
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city. In addition, social organization was considered to serve industrial
purposes. Ultimately, Park dismissed the cultural components of social
organization, leaving only the competitive and spatially functional ones,
the ones he had identified as “biotic.”

Ernest Burgess focused on the growth and subsequent differen-
tiation of the city.” He proposed an influential spatial model in which
the city was divided into distinct concentric rings (figure 2.2). In early-
twentieth-century Chicago, these rings included the central business
district (“the Loop”), a transitional zone, a zone of workers’ homes, a
residential zone, and a commuter zone. These rings were seen as ways in
which social organization was expressed in space.

Differentiation for Burgess was in terms of land uses, social roles,
and jobs. For example, within the transition zone, various enclaves of
recent immigrants were present. The transitional zone also accommo-
dated new invasions of business and light industry. Within the residen-
tial zone were included single-family dwellings, residential hotels, and
apartment houses. The differentiation of the city in terms of concentric
ring land uses was considered to increase with growth. Class, cultural,
and recreational variation were possible sources of differentiation.

The Chicago School was interested in signs of social disorganiza-
tion, which its adherents attributed to rapid growth and the assembling
of people in the nontraditional social milieu of the city. Burgess com-
bined methods of spatial mapping and case studies to examine pockets of
social disorder such as vice, disease, crime, suicide, and other indices of
social disorder. The Chicago School’s studies of gangs exemplify this
concern. Gradients of these disordered factors were expected to exist,
centering on the urban core and dissipating toward the suburbs. Ani-
mal crowding studies were taken as evidence for the ecological reality of
some of these disorganizing factors. Such analogies seem quaint at best
after eighty years, and prejudicial and misleading at worst.

Burgess emphasized the successional invasion of one ring by
another as the city grew. The successional change component of this
model was taken from the science of biophysical ecology, which had
undergone a radical synthesis and theoretical flowering in the subject
some ten years earlier. The succession model that Burgess drew upon
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Figure 2.2. E. W. Burgess’s zonal model: (left) the idealized pattern; (right) its
application to Chicago.

from ecology was unidirectional and deterministic. Indeed, succession
was seen as inexorable, with pioneer communities replaced by later suc-
cessional communities and ultimately replaced by the one community
best adapted to the regional environment—the so-called climax com-
munity. It is notable that this simple, unidirectional view of succession
has not survived either the empirical test or the conceptual critique af-
forded by some one hundred years of biophysical ecological research.
In Burgess’s work, succession was equally deterministic of inner rings
replacing outer rings. He did acknowledge a decentralization process
as sub-business centers were established and presumably accompanied by
localized rings of work, residence, and vice associated with them. Although
this would seem to foreshadow a multinucleate view of the city that was
later proposed by Harris and Ullman,® Burgess’s fame rests on the ring-
like model of sectoral succession.

The environmental mechanisms suggested by the ringlike model
of sectoral succession were developed further by Roderick McKenzie.’
Unlike Burgess’s exclusive focus on the city, however, McKenzie thought
that his processes should be found in any settled area throughout the
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urban region. McKenzie proposed an ecological approach to the study
of human communities based upon plant ecology and in terms of se-
lection, distribution, and accommodation. First, like plant ecologists of
the time, McKenzie identified different types of human communities.
These communities supported the economic functions of the city. Mc-
Kenzie’s communities were those of (1) primary service, agricultural
and resource extraction; (2) commodity distribution, which connected
agricultural, forest, mineral, and marine resources with consumers and
manufacturers; (3) industrial manufacturing; and (4) secondary service
aimed at supporting the commodity and industrial functions, including
recreation, education, punishment, and administration.

McKenzie sought to understand succession within these commu-
nity types in which ultimate crisis and reorganization occurred when
the community reached a certain size and, subsequently, suffered dis-
organization. The state of maximum development was a type of fixed
“climax;,” just as the plant ecologists had erroneously proposed. A plant
community was considered to be at its climax stage when it reflected the
community type expected to exist within that specific climatic zone.

The social climax could be disturbed, just as the biophysical cli-
max could be. According to McKenzie, disturbance might include two
major kinds of phenomena: innovation or invasion. Innovation re-
sulted from new transportation technologies or new modes or rates of
communication. Such novel connections could disrupt a community’s
access to knowledge and ease of mobility, which might alter the social
structure of that community. The second major type of disturbance
was invasion of a community. Invasion could occur when the use of
land within a human community changed from agricultural to indus-
trial, for instance. Invasion could also occur when transportation routes
changed or buildings became obsolete and were replaced by new uses
or residents. New industries could invade, accompanied by changes in
movement, pollution, economic impact, and so on. Similarly, changes in
real estate markets could result in invasion of a community. Finally, Mc-
Kenzie recognized redistribution of income as a source of disturbance.
After innovation or invasion events, communities could be reset on a
new successional trajectory toward a supposed climax associated with
the new structure and resource flows.
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In all cases of human community succession, McKenzie proposed
deterministic trajectories toward increased complexity and differentia-
tion, just as he understood the botanical precedents to experience. At the
same time, the dominant type of social organization for each community
type was hypothesized to resist invasion by other types of community. As
a community developed, it was thought to become better accommodated
to its environment, and hence better able to resist invasion.

CRITIQUES OF THE CHICAGO SCHOOL:
CONCEPTS AND METHODS

The Chicago School has been abundantly criticized. One recurrent crit-
icism is that conceptually, the Chicago School focused too narrowly on
spatial explanations to the exclusion of other potential organizing fac-
tors. Hawley complained that the Chicago School made human ecology
synonymous with the study of spatial distributions.!® Firey stated that
Burgess and his associates were spatially deterministic and ignored the
cultural significance of space."" Gottdiener and Hutchinson extended
this complaint to encompass a more general fallacy of environmental
determinism and succession toward a climax community.”” Another
significant complaint was the limited set of drivers that the Chicagoans
considered, relying almost exclusively on competition.” Finally, the
Chicago School failed to address the entire urban region in its general
approach. This last complaint has helped clarify that the simple ring
models of the Chicago School failed to account for the networked and
multinucleated nature of the city that was emerging even in the early
twentieth century.

The mounting complaints about the Chicago School were accom-
panied by a search for a more satisfactory approach to urban ecology
from a sociological perspective. These researchers included Louis Wirth,
Walter Firey, and Amos Hawley. The first wave of critics brought cul-
ture back into what had been a spatial and biotic pursuit. Ironically,
one of the leaders of this movement, Wirth, was himself a member of
the University of Chicago’s Department of Sociology. He proposed a
theory of urban life: what was uniquely urban emerged from the size of
urban settlements, their human density, and the heterogeneity of back-
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grounds of people in the city." Wirth’s methods depended upon a statis-
tical approach rather than the case studies used by the Chicago School.
Although Wirth disagreed with his colleagues in his department on the
causes of urban differentiation and their case study approach, he shared
certain assumptions with them. He continued to be concerned with
the huge changes that Chicago and other industrial cities in the United
States were experiencing and he continued to focus on the pathological
side of urban life. He also shared the conviction that urban life differed
from life in villages and small towns.

Firey argued that the Chicago School’s simple spatial models did
not correspond to the empirical evidence. The rings of the Chicago
School failed to appear in other cities. Indeed, there was evidence of
idealization in the maps Burgess produced for Chicago, such that they
glossed over important social heterogeneity within rings and land uses.
Firey proposed several factors that prevented such idealized city forms
from appearing. First, in contrast to the ring model, economic val-
ues are insufficient for explaining the entire distributional complexity
of space in cities. Second, cultural values ascribed to space can drive
choices about the use of land. Indeed, symbolic and sentimental uses of
land may sometimes override economic values. Finally, influences from
beyond a metropolitan region can drive the allocation and uses of land
within a region.” If anything, Firey’s critiques of the Chicago School
alerts us to the deep significance of heterogeneity within cities and the
need to link cultural understandings with spatial relations.

The shift from the Chicago School to alternative explanations
was driven not only by emerging subdisciplines in sociology but by the
changing nature of the American city itself. The end of World War II
signaled an acceleration in the expansion of suburbia, a deconcentration
of business and commerce, and a focus on networked nodes of urban-
ization. The alternatives to the Chicago School saw space as a cultural
phenomenon'® and the significant influence of external economic and
policy drivers.”” However, these critiques of the Chicago School were
limited as well. For instance, Hawley advanced a technologically de-
terministic view that shifts in transportation and communication were
driving the changing social organization evident in the post-World War
IT American city. Space itself was not the organizing concern; it was im-
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portant only insofar as space had economic and social meaning and cost
and in that different locations were technologically linked.®

RECENT ADVANCES IN SOCIOSPATIAL APPROACHES TO
URBANISM AND CONNECTIONS WITH BIOPHYSICAL ECOLOGY

In The New Urban Sociology, Mark Gottdiener and Ray Hutchinson have
synthesized a new approach to the sociology of urban areas."” Overall,
their synthesis is a combination of culture, in the largest sense, and
space as a culturally infused environment. Gottdiener and Hutchinson
point to five major insights of the contemporary sociospatial approach
to urban sociology. First, the metropolis has a regional and global
context. In particular, human settlements are connected to the world-
wide system of capitalism. Second, conflict leads to spatial segregation
by class, gender, and race. Conflict between such groups is driven not
only by economics but by other resources in which people and insti-
tutions are interested. Third, the sociospatial approach integrates po-
litical, economic, and cultural factors in its analyses. No single realm is
considered to be dominant in and of itself. Fourth, special attention is
given to “pull” factors of real estate investment. The real estate complex
of businesses and industries is an especially effective force, which inte-
grates aspects of economics and culture. Pull factors are supply factors
that entice or encourage people and institutions to relocate from older
neighborhoods and central cities to suburbs and exurbs. Along with this,
government interventions shape regional pushes and pulls that affect real
estate investment or disinvestment. Push factors are disamenities, threats,
expenses, or risks that are perceived to exist in older neighborhoods and
central cities. Push factors create a demand for new development outside
established urban sites. Finally, the spatial configuration of the contempo-
rary conurbation is recognized to be multicentered. Therefore, a regional
approach to cities in connection with suburbs and exurbs as a networked
system is emerging.”’ In many of these features, the sociospatial approach
resonates well with the approaches of contemporary biophysical ecology.

The sociospatial approach has two particular features. First is the
quantification of social differentiation across a metropolitan region. An
initial attempt to measure social differentiation was the social area anal-
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ysis approach developed by Shevky and Bell.! Shevky and Bell invented
social area analysis to explain how a metropolitan region becomes so-
cially differentiated. Their analysis relied on three dimensions of social
structure: (1) population density, (2) social status, and (3) family sta-
tus. Social status was derived from occupation, income, and education,
while family status was defined by the nature of the dwelling unit, the
presence and characteristics of children, and whether the adult female
member of the household worked outside the home. From these fea-
tures of social structure, social area indices were derived to delineate
and classify the social characteristics of an area.”” Shevky and Bell had
preselected the factors expected to be important. Berry built upon their
approach by employing multivariate approaches to assess the relative
importance among the many variables that may influence the location
of different social groups.” Berry’s multifactorial method represents a
systems approach that is capable of more integrated understanding of
urban structure and change than its predecessors.*

A second feature of the sociospatial approach is its emphasis on
generalizability and integration of theory and methods. This character-
istic extends the sociospatial approach beyond the tradition introduced
by the Chicago School, which focused on individual case studies. Exam-
ples of generalizations include the discovery that segregation is a uni-
versal feature of American cities and that technology is not the primary
driver in urban evolution.

FOUR ECOLOGICAL PERSPECTIVES AND URBAN SOCIAL THEORY

Martin Melosi contends that the Chicago School and Gottdiener and
Hutchinson’s sociospatial approach can be classified in terms of four eco-
logical perspectives of urban social theory.” Melosi points out that much of
the history of urban social theory has labored under the erroneous assump-
tion that people, and hence cities, are separate from nature. He provides
a framework for classifying the history of urban social theory in terms of
this assumption. Melosi’s critique is based upon three assertions. First, cities
must be viewed in their environmental context. Here, Melosi’s meaning of
“environment” is similar to that of a biophysical ecologist: landform, cli-
mate, disturbance regimes, and so on. Second, he asserts that understanding
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the role of nature in human life requires that the place of nature in cities be
recognized. Finally, Melosi argues that built infrastructure is a cultural ex-
pression and influences and is constrained by nature. These three assertions
are consistent with the “design with nature” perspective of architecture,
landscape architecture, and urban design and planning.*

Melosi proposes four ecological perspectives: (1) organic theory,
(2) city as modifier of nature, (3) ecological theory of the Chicago School,
and (4) systems theory. Organic theory analogizes the city with the body
of an organism. This is a powerful metaphor but, like most metaphors,
it is only partially true. The image of a city as an organism suggests the
integration and interdependence of human communities and environ-
ments within settlements. Integration within cities is a strong implica-
tion of the organic theory. One way to conceive of cities as organic entities
is to see them as transformed combinations of resources. According to
Havlick, cities are second-order resources for humans and societies.”
Perhaps more anthropogenic is the view of Harvey, who views cities as
a human-derived resource system that creates structure and differenti-
ation of space.” Adding human experience to the city as a derived re-
source system highlights not only that the city is a resource system made
by people but also that it is transformed and experienced by people.”
Cities in this view become an interaction between space, resources, and
society. This interaction leads to a new kind of ecosystem that is open to
fluxes with the outside world.”

Cities are necessarily connected to the outside world. This view is
echoed by Cronon, who labels cities as “second nature,” accumulating raw
materials from vast resource catchments and transforming them within.?!
The suite of themes that can be brought together in the organic theory
views cities as dynamic, rather than static backdrops for human and nat-
ural activity. Cities, like many organisms, are seen as ever-mutating sys-
tems. Shane advances the concept of “recombinant urbanism” to de-
scribe a particularly dynamic view of the metropolis.*” This is a useful
metaphor but not a literal organic one. Recombination refers to the ge-
netic mixing of preexisting elements or of new mutations to produce
new biological structures and functioning. Shane suggests that cities are
comprised of generalizable elements that are repeated and reorganized
to form different cities.
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Biophysical ecologists must add a caution to the organic theory
approach. Organisms are often homoeostatic systems, driven by evolved
functions, and frequently acting with purpose. Optimization or maxi-
mization models can be carefully used in such situations, where natural
selection can act as a mechanism yielding optimal structure or function
within a limited environment. The organism metaphor has been prob-
lematic in many urban applications because the targets of that application
are manifestly not evolved via natural selection, or homeostatically regu-
lated by tight physiological and hormonal feedback systems. In addition,
they lack the brains and central nervous systems that mediate optimiza-
tion behavior in higher animals. Contemporary biophysical ecologists are
loath to use the organic metaphor because of its teleological and homoe-
ostatic implications. Such behaviors are best treated as hypotheses about
systems rather than foregone conclusions that are derived by analogy.”

A second major perspective is the conception of the city as modi-
fier. In this view, the built structures of cities modify basic physical pro-
cesses. For instance, the hydrological cycle is modified by cities through
the construction of streets, gutters, drains, and impervious surfaces
such that they produce greater runoff, reduce ground water infiltration,
and lower soil moisture content relative to nonurban areas in the same
region.* Thus, the city as modifier perspective seeks to understand how
cities alter and transform environmental conditions, both internally
and externally, over time. Biophysical ecologists are discovering a rich
array of significant and unexpected patterns and processes in urban
ecological systems. Ecological patterns and processes may be thought
of as ecological “facts.” Ecological facts may be social facts, too, having
economic value and social meaning, and reflecting power and status, for
instance.” There is much to do still in this arena.

The Chicago School’s “ecological theory” is a third ecological per-
spective. We noted earlier that the ecological theory used by the Chi-
cago School is quite different from contemporary biophysical ecology.
Nevertheless, it is worth summarizing again the core tenets of that the-
ory and tracing some of the threads that followed from it. The Chicago
School concentrated on factors determining urban spatial patterns and
their social impacts. The spatial arrangements were concentric around
the core, distinctive, and depended upon competition as the primary
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driver for this spatial differentiation. Their impacts on social order and
disorder were central to the Chicago School. Whether social order or
disorder best characterized the city was highly controversial. Descendants
of the Chicago School also tried to explain the relationship between popu-
lation size and the organizational structure of cities. Hawley suggested that
as the population of a city increased around the periphery, the organiza-
tional function of the urban core increased.’® Schnore and Duncan iden-
tified four complexes to build a model of urban change. Their complexes
included population, social organization, environment, and technology
(POET). The “POET model” extended the purview of urban sociology be-
yond the city line and pointed toward the integration of diverse factors.”

Melosi’s fourth ecological perspective is systems theory. Brian
Berry is credited with introducing this important idea to urban sociol-
ogy.”® Cities can be analyzed as systems in comparison with other sys-
tems. That is, models of cities or parts of cities would specify a boundary
for the purposes of the study and then specify the components of the
system, the interactions among them, and the kinds of dynamics that
the system could experience. In addition, generalizations may emerge
from studying cities in just the same way that they have emerged from
the study of other kinds of systems. The same kinds of conceptual
constructs and models should apply to cities as well as to those sys-
tems models within the physical, chemical, biological, and cybernetic
sciences. Like other systems, cities can be studied as structural, func-
tional, and dynamic entities. The systems approach is especially impor-
tant because of its nested hierarchical nature. Cities can be disaggre-
gated into component systems, or may participate in the structure and
functioning of larger systems that include them. The development of
systems theory since Berry first promoted its use in urban sociology has
progressed from focusing exclusively on closed, self-regulating systems
to effectively addressing open systems.

Summarizing the Past, Looking to the Future:
Spatial and Organizational Complexity

Not only are urban areas conceivable as systems, they are usefully thought
of as complex systems. We identify two dimensions of complexity that
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must be addressed to understand the structure, process, and change in

urban systems. These two kinds of complexity will reappear throughout
the book.

SPATIAL COMPLEXITY

It should be clear that space has had a controversial history in urban
ecology. The founders of the Chicago School based their theoretical
and empirical apparatus on the discovery of spatial patterns and the
explanation of those patterns using concepts from biophysical ecology
current in the early 1900s. Critics of the Chicago School questioned the
significance of space in urban ecological theory and focused instead on
other explanations of social differentiation and change in the metrop-
olis. Innovation and technology were key factors that were advanced in
place of space in these new theories. In part, these critiques reflected the
changing form of the American city from its industrial, bull’s-eye form
to its postindustrial networked form. The current generation of urban
sociologists has established a more integrated theory. In the new view,
urban theory deals with the complexities of mosaics and networked
space along with the multiple social, cultural, economic, and policy
drivers. What seems missing to us is the act of extending this integration
from urban social theory to include the best of contemporary ecology.
We propose that a focus on spatial heterogeneity can facilitate the inte-
gration of biophysical ecology and urban social ecology.

The study of spatial heterogeneity recognizes contrasts in a system
of interest, and describes the origin and changes in those contrasts. Spa-
tial heterogeneity can be the result of contrast in any structure or process
of interest. Contrasts, for example, can exist in the three-dimensional
architecture of a site, in the density of structural elements, in the con-
centration of materials or energy, in the processes transforming energy,
materials, or information, in visual stimuli, or in meaning. Although
such contrasts can be visualized as maps, it is important to recognize
that contrasts in the material world are three-dimensional. Translat-
ing these abstract examples, researchers might discriminate patches of
coniferous versus deciduous forest, density of migrant workers in one
area versus another, wet patches of soil versus dry areas, hot spots of
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the breakdown of organic matter versus areas where organic matter in
the soil breaks down only slowly, the evening bustle of a bright-light
district versus a shuttered business block, or a boundary area tagged
by several gangs versus core turf tagged homogeneously. Much more
will be said about the structure and change of patches in chapter 3. It
is important to realize that spatial heterogeneity can appear as discrete
patches or as gradual surfaces of change. The basic concepts and causes
of spatial heterogeneity apply to both the discrete and continuous forms
of contrast. Merely the representation differs.

Spatial heterogeneity can be assessed with increasing levels of com-
plexity, as we noted in chapter 1 and figure 1.2.* It may seem counterin-
tuitive, but the most basic measures of spatial heterogeneity are actually
“aspatial.” These measures include the types of contrasts, the number or
richness of contrasts, and the frequency of contrasts. Analysis of spatial
heterogeneity becomes spatially explicit when the spatial configuration
of contrasts is examined. Configuration may be presented as a map, but
in the real world, configurations are three-dimensional arrays. The spa-
tial configuration of an area can change over time, which anticipates
both internal change within each node of contrast and change in the
entire nexus of contrasts. Exploring these dimensions of spatial heter-
ogeneity in both biological and social terms is the subject of the next
chapter. However, it is important to introduce both aspatial and spa-
tially explicit approaches to spatial heterogeneity because it helps clarify
the integration that is possible with new spatial approaches in urban so-
cial theory that recognize a diversity of causal factors, agents, and scales
of organization.

ORGANIZATIONAL COMPLEXITY

Many causal factors have been introduced, measured, debated, and re-
placed through the history of urban ecology. We suggest that three types
of drivers of organizational complexity have emerged: (1) top-down and
bottom-up control, (2) outside influence and internal control, and (3) in-
dividual and collective action. All three types of drivers provide alter-
natives for the controls and processes for either an entire urban patch
mosaic or an individual patch within the mosaic. Thus, these drivers
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are scale neutral and can be used to describe the dynamics of a variety
of spatial units, such as neighborhoods, urban districts, and exurban
settlements.

The first type of driver addresses whether the control of structure
and process within an urban patch emerges from large institutions and
grand policies or from the behaviors of smaller institutions and a diver-
sity of actors. A top-down institutional control might be, for instance,
government transportation or tax policy. An intermediate level of con-
trol might be the differential willingness of a city’s banks to sell home
mortgages in redlined neighborhoods versus other neighborhoods. Such
control is from the top relative to the different types of neighborhoods.
Highly disaggregated, bottom-up control emerges from the decisions of
individual households concerning their purchase and management of
homes and land, for example.

The second type of driver concerns control that arises within or
external to an urban unit of interest. Outside control may reflect shifts
in global business, such as when a business closes its manufacturing
plant in one city and opens a new plant in another country where oper-
ating costs are less expensive. Inside control is illustrated by the organ-
izing activities of a neighborhood or community association to demand
better city services or influence the city’s zoning decisions.

The final type of driver contrasts individual and collective ac-
tion. The individual approach recognizes that actors such as persons,
households, firms, and neighborhoods are not necessarily working in
partnership with other actors. Actors may in fact follow a few rules of
behavior, leading to complex emergent patterns and processes. For in-
stance, urban areas can become highly segregated if individual house-
holds follow a selection rule, in which case they simply choose where to
live based upon the similarity of neighbors in terms of race, ethnicity,
or lifestyle. In contrast, early urban sociology aimed to understand how
immigrant groups adapted to the new environment of the changing
American industrial city. Emphasis was on the collective activities and
successes or failures in assimilation by newly arrived immigrant groups.
Spatial emphasis was on the succession of groups through time in such
areas as the transition zone adjacent to the urban core (figure 2.2).
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Moving On

In the next chapter, we will lay out the concept and framework for a
“patch dynamics” approach, an approach to spatial and organizational
complexity that can accommodate the range of causes and agencies that
urban social theorists have confronted since the 1920s in America. While
the patch dynamics concept emerges from biophysical ecology, we be-
lieve it will resonate with a broad range of urban social theory. Patch dy-
namics can provide a tool for synthesis among the biophysical and social
sciences aimed at understanding the how and why of spatial pattern and
change in regional metropolitan systems, and their component districts
and neighborhoods. Patch dynamics applies equally to built, green, and
hybrid patches, and appears consistent with the multiple causality asso-
ciated with the sociospatial approach to urban sociology. Patch dynam-
ics is a contemporary, ecological approach, which urban sociology has
been seeking since critiques of the Chicago School emerged. When cou-
pled with the broad framework that encompasses the breadth of social,
economic, and cultural drivers affecting the metropolis, patch dynamics
can help explore emerging urban frontiers.



T*H*R*E°*E

Expanding the Landscape
Applying Patch Dynamics to

Social-Ecological Systems

Reassessing Patch Dynamics

atch dynamics emerged in ecology as an approach to under-
standing spatial heterogeneity.! Though ecology is its original
disciplinary home, patch dynamics resonates with contem-
porary urban social theory, particularly with the sociospatial
approach advanced by Gottdiener and Hutchinson.”? Consequently, a
patch dynamics approach can serve as a critical node of synthesis be-
tween contemporary social and ecological approaches for an ecology
of cities. In this chapter, we will define a patch dynamics approach and
briefly review its contributions to describing and quantifying patterns
and changes in spatial heterogeneity of bioecological systems. We will
then apply patch dynamics to urban systems and demonstrate how it
addresses the drivers of urban systems identified in earlier chapters.

Defining Patch Dynamics in Biophysical Ecology

Ecologists have emphasized homogeneity in their fine-scale studies or
theoretical systems for a long time.> Such a strategy was important for
extracting patterns from the “noise” of observations in the real world.
Working with simple systems that could be assumed to be internally ho-
mogeneous, and working with theoretical systems that followed the sim-
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plifying assumptions allowed by mathematical formulations, ecologists
were able to significantly advance their young science.* For example,
core theories of population growth and limitation, or of competition
and predation, all assume the obvious differences in size, behavior, or
genetics of organisms to be unimportant for explaining the basic issue.
Population limitation operates in spite of the manifest differences in
sex, age, genetics, and nutrition in an animal population, for instance.
Of course, on other levels of detail, variation is important. If concern
was with the evolution of a population, of course genetic differences,
such as those brought about by mutation or recombination, or differ-
ential mating success based on sex-linked traits, make a difference.’ For
certain ecological approaches, heterogeneity among organisms and het-
erogeneity among biotas were found to be important. But by and large,
for explaining the structure and functioning of ecological systems ob-
served at the scales of tens of meters to kilometers, uniformity was an
important assumption.®

In the last third of the twentieth century, ecologists began to take
seriously the differences within their fine- and medium-scale systems.”
Communities of plants could not be adequately explained using the
principles developed for entire climatic regions. The details of succes-
sional turnover during a span of several years could not be understood
using the coarse-scale expectation of the development of a climax.? An-
imal populations were sometimes regulated by external events rather
than the density dependence expected in uniform environments.’ These
and many other realizations led ecologists to finally admit that the local
and regional heterogeneities of their systems might be functionally im-
portant rather than being mere “noise” that could be brushed aside to fit
simple, idealized theories of uniform behavior or structure.'

Patch dynamics was one of the major developments within biolog-
ical ecology to describe and quantify heterogeneity in all its dimensions.
The concept was synthesized from several precedents in biogeography
and ecology during the mid-1970s." Island biogeography theory was one
of the theories that was developed originally to explain different levels of
species richness on oceanic islands of various sizes and distances from
continents. Oceanic islands are characterized by discrete boundaries
and are embedded in a matrix that is completely hostile to terrestrial
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life, forming a difficult barrier for colonization. Island biogeography in-
vited application to island analogs on continents. Such analogs included
lakes, caves, and mountaintops. Patch dynamics extended the perspec-
tive of island biogeography to any discrete continental habitat type and
did not assume that the matrix was completely hostile. In fact, the matrix
of any focal island analog or “patch” could be a mosaic of different kinds
of habitats differing in diverse ways from the focal one. Patch dynamics
therefore considers mosaics of habitat types or ecosystem types rather
than a two-phase system of islands in a hostile matrix.'?

The gradient approach to environmental heterogeneity comple-
ments the patch approach and can ultimately be combined with it. The
gradient approach is a theoretical approach that was also maturing dur-
ing the 1970s."” Although the gradient approach had been introduced in
the early twentieth century by Henry Allen Gleason,' it was considered
to apply to two-dimensional transects or models by most ecologists.
Gradients of many factors, often combined into environmental com-
plexes, were recognized by ecologists to explain patterns of diversity and
species interaction along transects of elevation, moisture, or resource
availability."”” This approach began to open the eyes of ecologists to het-
erogeneity at a variety of scales. Robert Whittaker generalized gradi-
ent theory to three-dimensional concerns by introducing the idea of
gamma diversity to deal with the differentiation in species and habitats
over landscapes or regions.'® Patch dynamics accommodates the nodes
of heterogeneity within three-dimensional landscapes.”” Hot spots of
structure or process, separated by either gradients in architecture or
function, can be arrayed as fuzzy patches across many different scales of
interest to ecology.

What, then, is patch dynamics? First, patch dynamics is a branch of
ecology that describes and quantifies spatial heterogeneity by dividing
a specified area into different spatial units.”® A large space can be di-
vided into patches that differ in a structural feature or a kind of process
of interest to a researcher. For instance, a marine intertidal zone can
be divided into patches dominated by mussel beds of different species,
or patches recently bared by wave action or battering by wave-tossed
logs.” The different algal or mussel species present contrasting three-
dimensional architectures, depending on the size of individuals and
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their density. These inhabited patches clearly differ in architecture from
bare patches, which are characterized by the unoccupied rock surface. In
a terrestrial system, a functional patch delineation might be based on a
process such as litter deposition. For example, in fields undergoing suc-
cession following abandonment from agriculture, forest-field boundary
zones have different amounts and kinds of litter deposition than patches
closer to field centers. The exact nature and amount of litter deposition
in different patches near the forest-field boundary depend on the iden-
tity of the neighboring tree species—oaks with their recalcitrant thick
litter versus maples with their labile thin leaves, for instance. Such dif-
ferences between patches affect which old-field species succeed in each
kind of patch.®

Patch dynamics uses the differences in structure or function of dif-
ferent areas as a tool to quantify spatial heterogeneity. There are three in-
itial aspects of patch quantification.” First, the number of patches is one
kind of quantification. Second, the number of different types of patches
is another, more sophisticated look at spatial heterogeneity. This meas-
ure is called patch richness. Once the kinds of patches are differentiated,
the number or frequency of each type of patch can be assessed. This
adds an additional layer of analytical complexity to the understanding
of patch quantification. These three basic features of patches say noth-
ing about their spatial features. The sizes and shapes of different patches
and patch types may be added to the roster of quantitative descriptions
of patches. The next level of complexity is the actual configuration or
spatial arrangement of patches within a specified arena (figure 1.2).

These various features of patches divide into two broad categories:
spatially inexplicit and spatially explicit. The spatially inexplicit features
aggregate the nature of patches within a landscape without specifying
exactly where the patches are. Richness, frequency, and average size and
shape are spatially inexplicit parameters. Spatially explicit features of a
patch array specify which patches are adjacent to one another, and how
the patches fit together in the landscape of interest.

It is important to remember that patch dynamics incorporates
temporal changes in spatial heterogeneity. While some patch arrays or
some patches within an array may persist unchanged for long periods
of time, recognizing that both individual patches and the entire patch
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mosaic can change is an important insight of patch dynamics.*? For in-
stance, patches can maintain their identify and change in size, shape, or
location within a mosaic. Alternatively, patches can mutate into other
patches or disappear as new patches are created or spread into their ter-
ritory. Specifying what kinds of changes are to be observed in a system
is an important research decision.

Putting all these characteristics of patch dynamics together shows it
as a model of the spatial heterogeneity of ecological systems that (1) dif-
ferentiates three-dimensional patch bodies from one another based on
structural or functional criteria; (2) quantifies patch features in terms
of number, richness, frequency, size, shape, and configuration; (3) rec-
ognizes the connections and interactions among patches within and
among levels of organization based on fluxes of energy, matter, organ-
isms, or information; and (4) allows individual patches and the entire
mosaic of patches to change.” Thus, a patch dynamics approach is es-
sential for examining and understanding the spatial and organizational
complexity of urban systems.

The remainder of this chapter places the patch dynamics perspec-
tive at the service of integrating the bioecological perspective with social
perspectives in order to understand urban systems as spatially heteroge-
neous and dynamic integrations of biophysical and social phenomena.
The complexity and dynamism of urban systems are arguably their most
important features.” This is especially true now that urban systems are
experiencing such global growth and alteration and are becoming the
most common home of humankind.”

Defining Urban Systems

We began this chapter on patch dynamics by exploiting its forty-year
history in biophysical ecology. However, our ultimate goal is to use the
concept to help integrate the social and biophysical perspectives neces-
sary to understand the full complexity of urban ecological systems. In
order to move toward this goal, we must say what is meant by an “eco-
logical” system and an urban system.

The basic concept of a system is that of a unit or entity that is
composed of a specified set of things linked by a set of interactions, all
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existing together within some boundary.” Systems theory recognizes a
system and an external environment. The elements of a system can be
tightly or loosely linked and can be persistent or temporary.”” Similarly,
systems can be relatively isolated from their environments or pervious
to environmental influence. Systems theory is broad and can be applied
well beyond the physical or military engineering realms in which it was
initially developed. Indeed, Brian Berry was a leader in applying systems
theory to urban areas in the 1970s.

With the introduction of the concept of the ecosystem by Tans-
ley in 1935, ecology adopted a systems approach.?® An ecosystem is the
interaction of an organismal complex with an environmental complex
in a specified, bounded area. The term environment in the definition of
an ecosystem is in contrast to whatever biological complex is chosen.
Tansley intended it to refer to the soils, waters, and air with which a
community of organisms interacted. Note that this still leaves the gen-
eral systems theory perspective of environment intact. An ecosystem is
embedded, as all systems are, in a larger environment outside of the
specified boundary of interest.”

Now ecologists can speak of ecological systems to include various
ecological entities, from groups of genetic variants within a population
or within a species to individual organisms to populations of a given
species to communities of plants or collections of animals in an area
to landscapes to ecosystems.*® All share the fact that some biotically de-
rived complex is in interaction with some physical complex within a
specified spatial arena.

How can this general systems view and its specific instance in
terms of ecology be related to cities and urban regions? Fortunately, the
link is close.”® We only have to specify what “urban” consists of and to
indicate the kinds of relationships and boundaries urban areas might
possess. The concept of the ecosystem is a good place for us to start.

If we were to define urban systems in a form parallel to the eco-
system, two basic components are essential. One is a biotically derived
complex and the other is a relevant physical or environmental complex.
Clearly, however, to specify an urban system from the basic definition
of the ecosystem, something has to be added to the plants, animals, and
microbes, and to the soil, air, and water from ecology.
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Is it enough to add people as organisms? If this were sufficient,
ecologists would use their familiar approaches from population biology
and study the people of urban systems in terms of birth, death, popu-
lation structure, age and sex differences, immigration and emigration,
and evolution.” This approach undoubtedly leaves social scientists cold.
What would they add?

The largest additions would perhaps be such things as cultures, in-
stitutions, and economies: in other words, the specifically human tools
for dealing with resources, problems, exchanges, and meanings in life.*®
More will be said about the vast richness in each of these categories in
chapter 4.

As important as these social features of urban systems are, they are
not enough. Humans, through their individual, aggregate, institutional,
economic, and culturally derived actions, build new physical structures
and modify the biophysical environment. They dam rivers, plow fields,
build highways, develop neighborhoods, pipe water, flush sewage, and
transport waste. In other words, they construct vast infrastructure and
modify the lands and ecosystems of the areas they inhabit or manage.

These types of human tools and actions add two complexes to eco-
systems that parallel the ones recognized by Tansley and generations of
ecologists since his landmark paper.** We interpret the added human
features of urban systems to constitute (1) a social complex and (2) a
built complex.” Thus, urban ecosystems contain not only biotically de-
rived complexes such as parks, street trees, wildlife, soil microbes and
decomposer fungi on leaf litter, soil invertebrates and insects, and the
presence of humans as biological organisms that eat and void waste, live
and die in cities, but they also include humans as families, neighbor-
hoods, community groups, religious congregations, clubs, gangs, compa-
nies, government agencies, industries, and so on. They also include such
things as human knowledge, norms and rules, capital, fashion, greed,
status symbols, and economic devices that drive and limit exchange.*
Not only does an urban ecosystem include the rivers, bays, estuaries, land-
forms, soils, rocks, groundwater, and air of the metropolitan region, but it
also includes the streets, interstates, malls, water supply, sewers, houses,
mosques, churches, synagogues, libraries, parking lots, rail yards, fac-
tories, junkyards, brownfields, and back lots that arise due to human



APPLYING PATCH DYNAMICS 45

design, neglect, and accident.” It is amazing and daunting to consider
the breadth and importance of these components of urban ecosystems.

The urban ecosystem and its complexes—physical, biological, so-
cial, and built—have three important dimensions (figure 1.1). First, the
urban ecosystem has an abstract definition, consisting of a kernel of
meaning. Second, it can be specified or applied as a model to a wide va-
riety of different situations and uses. Finally, the urban ecosystem can be
represented by metaphors or images of the nature of a system with con-
notations that are used for a variety of noble or base goals. Metaphors of
the urban ecosystem can be used to help generate new scientific insights,
promote public understanding, sell widgets, advance conservation and
sustainability, motivate progressive regulations, confound the public, or
intrigue professionals across disciplinary boundaries. The three dimen-
sions shared by the urban ecosystem concept are thus meaning, model,
and metaphor.®® As we have discussed earlier regarding the ecological
perspective alone, these three dimensions constitute the core definition,
specification through models, and images to visualize the concept. The
definition is fundamentally abstract, free of scale, and neutral with re-
spect to such features as closure, self-regulation, equilibrium, dynamics,
and the presence of disturbance. The modeling strategy and exemplary
kinds of models can be diagrammatic, conceptual, mathematical, com-
puter simulations, or physical representations such as mesocosms and
field experiments. Finally, the metaphors can be figures of speech or im-
ages used to generate or summarize technical insights. We argue for the
neutrality, scale-independence, and open-endedness of the core defi-
nitions of all ecological concepts.”” We admit that the specification via
models can range from narrow and normative to broad and descriptive.
However, one of the values of models is that they must, through their
very specificity, admit and expose the assumptions that motivate them
so that the values they harbor are clear in the scientific disciplinary, in-
terdisciplinary, or public dialog in which they are used.*

Just as the biophysical ecosystem can be applied to a broad variety
of situations, so too can the urban ecosystem concept. In the science of
biological ecology, an ecosystem can refer to the entire tall grass prairie
biome of the American Midwest, or it can refer to the interacting biotic
and physical complexes in a rotting log on the floor of an Amazonian



46 APPLYING PATCH DYNAMICS

rain forest, or it can refer to a strip of riparian woodland and the surface
stream and groundwater with which the trees and associated organisms
interact. The prairie biome is a subset of the larger ecosystem of all the
contiguous grasslands in America. The rotting log can be subsumed into
a larger ecosystem of a rain forest patch of, say, a square kilometer in
extent, and the strip of riparian ecosystem can be considered to be a
part of a larger ecosystem delimited by the catchment upstream of it.
All of these ecosystems are open to the fluxes of matter and energy from
outside them while processing large amounts of nutrients and energy
internally. All have important regulating factors that arise from outside
their borders as well as controlling interactions that exist internally. All
exhibit probabilistic changes and can encompass internal disturbances.

The urban ecosystem is similarly diverse in its specification, al-
though there is much less experience in applying this concept scientif-
ically.*! “Urban” can refer to a central business district, the old, dense
residential neighborhoods in cities that arose before the hegemony of
the automobile, or a streetcar suburb. At a coarser scale, “urban” can
refer to the entire West Coast megalopolis of the United States, the net-
worked conurbation of the Netherlands, or the exploding new mega-
cities of Asia, Africa, and South America. Under different cultural con-
texts, it can refer to a genteel district with tree-lined streets and tidy
houses with manicured back gardens, or it can refer to the ad hoc shanty
towns confined to the margin of an old colonial African city. Urban
ecosystems may exist as forested or desert parks, stream corridors, or
remnant green or rocky patches within the urban boundary. Sometimes
such open spaces are manicured and managed, and sometimes they are
neglected due to a lack of interest or lack of financial and human re-
sources. An urban ecosystem may just as well refer to the vacant lots
and brownfields of postindustrial cities as to the disused transportation
corridors and neglected public rights-of-way with their scrappy, ruderal
vegetation. Urban ecosystems may refer to the strange concentrations of
buildings, infrastructure, energy, and attitude perched on a mountain-
side in the form of a popular ski resort. It may refer to the “footprint” or
resource catchment and waste-processing hinterland of a major settle-
ment.*

The immense variety of kinds of urban ecosystem models implied
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by the list above is important. There is no singular urban ecosystem in
terms of model or meaning. Like the biophysical concept of ecosystem,
the urban ecosystem concept can be applied to the entire range of eco-
systems devoted to human settlement and resource management. How-
ever, even focusing on cities in the broadest sense results in an extensive
and diverse spectrum of models and expressions of what is urban. All of
these are fair game for our further consideration.

The city is a new kind of ecosystem and one that we seek to exam-
ine using the open-ended and inclusive approach of patch dynamics to
understand the many layers of its social orders, resources, interactions,
and built structures and managed landforms.* The great challenge is
to take the four complexes of urban systems as equal partners: biotic,
physical, social, and built. One thing we can offer in this chapter is to
correct some of the misinterpretations of ecology that we have discov-
ered in the social science literature, which we pointed out in chapter 2,
so that the intellectual equality of the social and biotic components of
the urban ecosystem concept is better met. There are important ideas
and theoretical “hooks” from contemporary studies of the social and
built complexes that can be combined effectively with what we know
to be the key ideas of contemporary ecology to generate a new way to
understand urban ecological systems.

Defining Urban Patches

Patches, as we have seen, require criteria of contrast to extract them
from the welter of difference that typifies urban landscapes. Three kinds
of criteria of contrast exist in cities and, when used together, can spec-
ify integrated patches in the human ecosystem. These three criteria are
physical, biological, and social. The order in which they are listed is un-
important, since they are all required to fully appreciate and quantify
urban heterogeneity. We treat the built complex as the result of the in-
teractions among these three contrasts.

Physical heterogeneity is based on the soils and topography within
an urban ecological system.* Soils may range from those that have sur-
vived the process of urbanization to those that have been paved over to
those whose basic structures are entirely human-made. Even in remnant
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soils, human activities in the settlement will affect the chemical proper-
ties, through pollution, for example, and the biotic properties, through
the introduction of exotic invasive species, for example.*

Topography, or the underlying lay of the land, is an important
feature of urban ecosystems and hence a criterion for discriminating
patches within them. Cities are often founded at some topographically
defensible site, on a sheltered harbor, or at the point where navigation
in a stream is no longer possible. Industrial age cities often mark the
intersection of transportation routes, as do postindustrial cities at a
larger scale. Topography may mold the street patterns of a city or pro-
vide rhythm and impose inconvenience on a colonial or imperial grid.
Even in recognizing that topography discriminates hillcrests, convex
shoulders of slopes, concave toe slopes, and valley bottoms, each with
their own microclimate, water regime, soil depth and quality, risks of
exposure to different natural disturbances, and so on, the role of human
modification of topography must also be recognized. Since the Middle
Ages, geologists estimate, humans have become the dominant movers
of earth on the planet.* Little urban development now occurs that does
not level sites, shape topography, bury or attempt to move streams, and
cut new paths for roads. All these kinds of topographic contrasts can be
used to discriminate one patch from another patch.

Biological contrasts also exist within urban ecosystems. Organisms
respond to position on slope, exposure of slopes to different directions,
or to different wind patterns. Therefore, the distribution of plants, ani-
mals, microbes and the differences in their abilities to produce biomass,
store carbon, moderate microclimate, and regenerate themselves differ
from place to place in an urban region.*” In some cities, riparian habitats
along streams support distinct vegetation and microbial communities
in sites where the water economy remains intact; hillcrests that remain
unwatered typically support different species of trees or individuals that
are relatively stunted compared to their conspecifics lower on slopes:
pines on hilltops, hemlocks in ravines, oaks on slopes, and maples in
protected coves.

Spatial clustering of activities and social groups, social “patch-
iness,” is not exclusive to humans and can be an adaptive behavioral
strategy for other social species as well. One of the more fruitful patterns
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observed across species is the tendency of behaviors, functions, and spe-
cific groups like drone bees or retailers to cluster in well-defined spa-
tial patches within larger landscape mosaics. Social patchiness in cities,
suburbs, and exurban development is legendary.*® Spatial patterns are
often associated with temporal cycles. Human ecosystems in urbanized
regions have highly predictable patterns of behavior: rush hours and
slack hours, school and sports seasons, and so on.

Ethnic enclaves have been documented in the ancient cities of the
Middle East. Chinese coastal cities of the nineteenth century exhibited
divisions based on trade interests. The delta cities of Southeast Asia such
as Bangkok have districts defined by canals and waterways.* The immi-
grant cities of the industrial world collect and segregate migrants from
different varieties of “the old country” or different places “down south”
in specific neighborhoods.” Even in the walking cities of the early indus-
trial era, American cities such as Baltimore were segregated: the manag-
ers and owners on the exterior of blocks while slaves, freed persons of
color, and immigrant workers lived in the more modest housing stock
along alleys in the interiors of neighborhood blocks. Shopkeepers lived
above their stores in other neighborhoods, or in corner buildings sup-
porting mixed uses.” The experience of tourists or urbanists in turning
a corner and encountering a shockingly different social structure is a
common one.”* Such fine-grain differences in urban pattern are often
related to when construction occurred, style of architecture, degree of
maintenance of infrastructure, availability of municipal services or of
community action, commercial activity, and so on. Demography, eth-
nicity, family structure and age, age of housing stock, landscaping fash-
ion, among many other social attributes, all contribute to the patchiness
of urban places.

This variety of urban patches can be recognized in several ways.
Originally, patches were recognized using a “bottom-up” method. That
is, close, fine-scaled observations of the physical and social urban fabric
yielded data on the elements that discriminated patches from one an-
other. Block-by-block or street-by-street observations or social surveys
generated the differences upon which patches could be based. Some of
these data were collected by the U.S. Census Bureau or by insurance
companies in order to set premium rates in specific areas, for example.
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Detection of physical patchiness can be made with methods developed
in Europe and Asia in which the detailed cover elements of patches are
composed and combined into different patch types, or “ecotopes.”>
Vegetation, pavement, building, and infrastructure are the major cate-
gories of cover used in ecotope measurements.>*

Top-down methods for discriminating patches have been available
since the advent of aerial photography and other remote sensing meth-
ods. Aerial photographs can be interpreted by expert observers, and the
newer technology of satellite images, composed of pixels and bands of
radiation, can be classified into patch types using their spectral signa-
tures. These methods are considered top down because they take a com-
plex representation of a large area and divide it based on the contrasts
discerned from above. Both human operators and computer-assisted
methods are available for this purpose.

Patches of social and biophysical heterogeneity require some sort
of boundary or gradation in their delineation.”® Boundaries are conven-
iently represented by lines on maps, but in reality they exist as zones of
different widths. Often the structure of boundaries is itself functionally
important and the structural or functional gradients they contain can
govern the movement of materials, energy, information, and people and
other organisms between patches. It is important to recognize that the
idea of gradations across boundaries can be extended to an entire model
of heterogeneity so that a surface or field of contrasts rather than a dis-
crete patchwork may be used to represent heterogeneity.

In urban ecological systems, boundaries can often be associated
with different types of social territories and behaviors. Territories can
vary in terms of their organization. Some territories are “fixed” in that
they are delineated geographically and attached to an entity that has
formal legal rights and responsibilities. These legal rights and responsi-
bilities are supported by laws and courts. Property parcels are an impor-
tant example. Some boundaries are “situational.” Although a situational
boundary is associated with the fixed structure of a place, whether pub-
licly or privately owned, the establishment of the boundary occurs in
the form of claimed goods while-in-use. Situational boundaries can be
measured in seconds, minutes, or hours, informally exerted, and raise
questions as to when the claim begins and ends. Park benches and res-
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taurant tables are examples. Finally, there are “egocentric” boundaries,
which move around with an individual or group. Egocentric boundaries
are examples of personal space and its ability to regulate spatial behavior.

Patch delineation can be based on both structural and functional
criteria. Structure of urban heterogeneity may exist in terms of the
physical, biological, and built complexes: topography, soils, ruderal veg-
etation, architecture, landscape architecture, infrastructure, and so on.>
Functional patchiness can exist in terms of processing and storage of
nutrients, water, materials, energy, productivity or in terms of the ac-
tions of individuals, households, organizations, agencies, commercial
and business concerns, and levers of governance. Both the structure
and function of patches can be either persistent or transient. Impor-
tantly, the movement of materials, information, energy, people, and
other organisms between patches may affect the structure and function
of donor and recipient patches. Examples of these sorts of interactions
appear later.

PATCH CREATION

Patches can be created by the actions and characteristics of organisms,
including humans and their institutions, or by physical changes in
the structure of systems. One kind of patch origin can be considered
to be an alteration of metabolism in a system and the second can be
considered a kind of structural disruption or disturbance. Before pro-
ceeding, however, it is important to emphasize that assessing either of
these modes of patch creation requires an explicit model of the nature
of the patches and, hence, a specification of the roster of potential causes
of patch origin. Without a model of system structure, a discussion of the
causes of patch origin is premature. We will exemplify the two kinds of
patch origin below: (1) organismal and institutional patches and (2) dis-
turbance patches.

Organismal and institutional patches. The organismal origin of patches
presents a broad array of potential agents. These include human individu-
als, human institutions, the disease organisms that can cause changes in
human action or organization, and other nonhuman organisms. Essen-
tially, organismal causes of patch origin may include any kind of wild,
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cultivated, or naturalized organism as well as the complex manifesta-
tions of human populations and cultures.

Human individuals are relatively weak agents of patch creation.
Usually patch creation is the result of humans acting in the aggregate or
in concert. Not always is that action intentionally coordinated. A pow-
erful example of patch creation is the generation of burned patches in
various landscapes resulting from the management actions of preindus-
trial humans or of people now acting with little or no industrial and
fossil fuel subsidy.”” Indeed, fire is one of the oldest and most pervasive
causes of patch creation that humans have at their disposal. In urban
settings, the purposeful use of fire is viewed as a breach of the social
contract when it is employed for revenge, profit, or excitement.”® Ac-
cidental urban fires have a long history of being significant creators of
patches in cities, such as those in Baltimore in 1904 or more recently in
the heavily wooded hills of Oakland, California, in 1991.

Human institutions create patches through various actions. House-
holds may manage parcels differentially and neighborhoods contrast
in their aggregate management as a result of the behaviors of groups
seeking to maintain a particular lifestyle.”” Public lands may be man-
aged differentially depending on the municipal department in charge or
based on the degree of political pressure applied by an adjacent neigh-
borhood. Management may apply different amounts of water, nutrients,
or protection from stress or disease for plants in parks, boulevards, road
verges, and so on. Such differences in management may favor different
species of native plants, wildlife, and invasives or result in different in-
dividuals or stands of plants having different rates of productivity and
health, canopy heights, or degrees of canopy closure.

Disease organisms have affected the behavior of human popula-
tions directly, with differential risk of communicable or infectious dis-
ease driving patterns of settlement or migration.® The resulting patches
may reflect different levels of wealth or ethnic identity, for example.
Similarly, perceptions of other sorts of risks have determined areas that
are avoided or preferred by people.

Disturbance patches. Events that disrupt existing structures in an
urban ecosystem can be classified as disturbance. This definition emerges
directly from biophysical ecology, in which the concern is with events
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that disrupt the structure of some ecological entity.®’ Not any change
is a sudden disruption of system structure. Again, a clear specification
of the structure of the system of interest is required in order to eval-
uate what is or is not a disturbance. It is important to recognize that
“unpleasantness” is not a criterion for deciding what a disturbance is
in a technical sense. Given these caveats, it is clear that disturbance can
exist in the form of disruptions due to (1) economic events, (2) natural
events, or (3) development in urban ecosystems. This range of sources
of disturbance is intended to illustrate the breadth of the concept rather
than present distinct causes. There may in fact be interactions among
different potential causes of disturbance.

Economic events have great power to disrupt the structure of
urban ecosystems. Some of those disruptions may be perceived by most
people as good and other such disruptions may be perceived as bad.
Economic disinvestment in certain inner-city neighborhoods is an ex-
ample of an economic stress that leads to physical disturbance. There
are many underlying social causes for such disinvestment, and the causal
chain of events may be complex.® Redlining by lenders and insurance
companies is one contributing kind of factor, as we will see in chapters 5
and 6. Lack of employment opportunities within the commuting radius
of inner-city residents is another source of economic stress. A shift from
owner occupancy to absentee landlords may also be associated with re-
duced investment in some neighborhoods. Ultimately, however, hous-
ing stock can deteriorate to the point at which abandonment occurs.
This in itself represents a disruption of the demographic structure of
the inner city, reflected in a decline in population. Many postindustrial-
based cities have experienced such trends and events as these. Further
physical disturbance results if a high threshold of abandonment is
reached and demolition of housing stock ensues. Demolition converts a
complete cover of row houses, for example, into a gap-toothed pattern
in which short runs of vacant lots and individual row houses alternate.
In row house neighborhoods near downtown Baltimore, demolition
often occurs first on corners. These locations were typically occupied by
buildings having a commercial storefront on the first floor and residen-
tial space on the two higher stories. With the shift of retail from its pre—
World War 1II pattern of dispersion in residential areas to its postwar
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concentration in the first generation of shopping malls, these corner
properties were among the first in the city to become economically un-
tenable. Therefore, abandonment and subsequent demolition occurred
on corners first.

Economic factors create patches through investment as well.*’ Turn-
ing again to inner-city neighborhoods in a precarious position, the case
of Federal Hill in Baltimore is a useful example. Swaths of this neigh-
borhood near Baltimore’s Inner Harbor were slated for demolition to
accommodate the construction of Interstate Highway 95, a major mo-
torway serving the East Coast megalopolis of the United States. How-
ever, stiff community opposition ultimately blocked the aboveground
highway and a tunnel was built instead. In the meantime, the houses in
Federal Hill had been condemned and vacated in preparation for dem-
olition. Reinvestment in the neighborhood was stimulated by an inno-
vative homesteading program in which the houses were sold for $1 to
new homeowners, who were bound to renovate and then occupy them
for one year. This was the first program in the United States to renovate
a neighborhood in this way. The subsequent investment of hundreds of
owner-renovators created one of Baltimore’s first redeveloped neigh-
borhoods. The patch that resulted from this economic investment is
socially distinct from the working-class neighborhoods that abut it and
physically distinct in terms of the fittings and renovation of the hous-
ing and small-scale commercial stock it supports. The economic invest-
ments ultimately changed the physical structure of the neighborhood.

What a classical ecologist would call a “natural” event or distur-
bance is also important in creating patches in urban ecosystems.* In bio-
physically dominated ecosystems, typical events such as intense fires, se-
vere windstorms, large floods, extreme droughts, and massive landslides
can act as sources of disturbance. Not all such events are disturbances to
all systems in which they occur. Again, it is important to specify a model
of the system in order to evaluate whether a disturbance has in fact oc-
curred.®® However, given a model of an urban ecosystem or some subset
of alarge or complete urban region, we can evaluate whether these fun-
damentally biophysical events disturb the structure of the system.

There is a long history of catastrophic floods rearranging the phys-
ical and social structures of American cities. One is the flooding of New
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Orleans as a result of the storm surge from Hurricane Katrina, a cate-
gory 4 storm, in August 2005. The artificial levees, designed to resist the
flooding calculated to result from a category 3 storm, were breached by
the storm surge. Much of the city was flooded, especially the areas distant
from the river, which were lower than the natural levees on which the
older parts of the city were built. Other cities on the Gulf Coast of the
United States were also damaged by the storm surge and high winds.
However, the position of New Orleans, located on the Mississippi River
and experiencing subsidence at the same time the river was building up
its bed, placed it in perhaps the most threatening situation.*

Hurricane Katrina may still be too recent to fully evaluate its long-
term effects as an urban disturbance. Loss of life was high and was vis-
ited in particular on minority areas and on the elderly, infirm, and oth-
ers who were unable, or in some cases, unwilling, to evacuate. Already
it is clear that in the short term many people who left New Orleans may
not return. Social disturbance in the form of altered community social
capital, shifts in employment base and type, and increases in the price
of the remaining undamaged or repairable houses is the likely result.
Large tracts of houses have been ruined by the flooding. Whether they
will be replaced, repaired, or razed is still an open question. It may not
be possible to tell what the patch structure of New Orleans will look like
in the future. However, it is clear that a major disruption of the physical
and social fabric of the city and its neighborhoods has occurred. While
the shape of the future city is unclear, what is apparent is that perceiv-
ing cities to be permanent, unchanging entities leaves people and agen-
cies unable to respond to the disturbances that will inevitably affect our
metropolitan areas.

A catastrophic flood for which there is a long-term perspective of
time is the Great Flood of the Mississippi in 1927.%” This flood inundated
the waterfront and downtown districts of many cities and towns in the
Mississippi Delta region, which stretches from New Orleans to Cairo,
Illinois. In addition to the expected shifts in building type and form
in many flood-affected settlements, there were vast social changes that
resulted. The exposure of African American sharecroppers in the Delta
to the effects of the flood and to the risky work or shelter on the levees
under the segregation dominant at the time stimulated a momentous
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migration of many blacks to the cities of the North, including Chicago.
Thus, the “natural” disturbance of the flood rippled through local and
distant social systems as a further kind of disruption. The social and
human capital of the Delta and the northern cities both changed as a
result. The poor treatment of African Americans during the flood was
also a stimulus to social change in race relations in the nation.

The flooding in Baltimore during Hurricane Agnes in 1972 de-
stroyed buildings in the floodplains of the three streams draining the
city and cost nineteen lives in the state of Maryland. At the federal level,
Hurricane Agnes was the impetus for requiring flood insurance for new
construction in floodplains.®® In Baltimore, the disruption of the physi-
cal fabric of the city and the human cost prompted a subsequent change
in the zoning of floodplains, essentially prohibiting new development
and relocating existing uses in the floodplains. This was a major reori-
entation of land use in Baltimore, a coastal city that had for centuries
faced its streams because they were power sources.

Earthquakes, either alone or in combination with consequent
events, have acted as powerful disturbances to urban areas.®” The 1964
Alaska earthquake altered shorelines and destroyed buildings in Anchor-
age, for example.” In mountainous regions, landslides often accompany
earthquakes and are the source of disruption of the built environment.
Tsunamis, such as those associated with the South Asian subterranean
earthquake of 2004 or the eruption of Karakatoa in 1883, have disturbed
coastal settlements.”! Depending on the distance of a coastal area from
the source of tectonic activity and its buffering by reefs, wetlands, or
dunes, the impact of the tidal waves may vary. Town and city structure,
social networks, and fishing economies are examples of urban struc-
tures disrupted by these kinds of events.

It is important to recognize that the impact of these so-called nat-
ural disturbances on a particular location depends not only on the force
of the natural event but on human modifications to the target environ-
ment.”? The severity of huge floods on the Mississippi in 1927 and in 1993
were both affected by the presence of levees.”” Indeed, the large histor-
ical floods of the Mississippi postdate the construction of continuous
runs of levees along the river. The human and the natural combine to
shape the catastrophic event. The severe fires in locations where chap-
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arral areas interdigitate with housing in Mediterranean climates of the
western United States, or in areas where residential areas have been built
beneath canopies of forest types that periodically burn, are examples
of hybrid disturbances.” The impact of the 1904 Baltimore fire, which
destroyed sixty-four acres of the central business district, including ma-
sonry buildings that were thought secure, was greater than it would have
been otherwise because the firefighting equipment brought from New
York City and Philadelphia did not have fittings that could connect to
the fire hydrants in Baltimore.”” The fire was eventually extinguished
only when the wind shifted and drove the fire to the banks of the Jones
Falls stream, which acted as a firebreak.

Natural disturbances can reveal the social fault lines for which hu-
mans, not nature, are responsible. In the case of the Chicago heat wave
disaster in 1995, Klinenberg examines and compares two adjacent resi-
dential areas with similar characteristics but sharp differences in death
rates.”® North Lawndale had nineteen heat-related deaths, a rate of forty
per one hundred thousand residents, compared to South Lawndale,
which had three deaths, a rate of fewer than four per one hundred thou-
sand residents: a tenfold difference. However, these two communities
had similar microclimates and numbers of seniors living alone and/or
in poverty. Thus, the two communities naturally controlled for weather
and the subpopulations of people that were thought to be most at risk
of heat-related death.

Though these two areas were mostly composed of minority groups,
the groups were significantly different. North Lawndale was 95 percent
black, and South Lawndale was 85 percent Latino. Yet Klinenberg does
not let that simple variation stand as the explanation. He digs into the
underlying social-ecological patch structure, noting,

Latinos in [South Lawndale] did not experience the particu-
lar constraints of ghettoization, the rapid and continuous
abandonment of institutions and residents, or the arson and
violence that contribute to the destruction of the local social
ecology. The second reason is that . . . the area has become a
magnet for Mexican and Central American migrants. ... The
continuous migration of Mexican Americans to this com-
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munity area has replenished its human resources and regen-
erated the commercial economy of retailers and small local
businesses. . . . While North Lawndale lost more than half
of its population between 1979 and 1990, [South Lawndale]
grew by roughly 30 percent. . .. There are only a handful of
abandoned buildings and empty lots in the area.”

The result in terms of human health for North Lawndale and
South Lawndale was significant. In North Lawndale, the urban ecology
was one of weed-filled lots, vacant buildings, and widespread fear. In
North Lawndale, the seniors were confined to their homes in poorly
ventilated rooms and fearful to venture outside. In South Lawndale, the
active street life and functioning public and private places, such as shops
and supermarkets with air-conditioning, all made for accessible spaces
that the elderly did not need to fear. The linkage of trust and busy street
life sustained a sense of mutual protection in South Lawndale. This was
simply not the case in North Lawndale. In South Lawndale, the mutual
support and awareness reinforced on a daily basis created trust in the
safety of the busy streets and made that community far less dangerous
and more supportive in the heat wave crisis than in North Lawndale,
which did not have the same elements promoting social cohesion.

Klinenberg summarizes his social autopsy of the Chicago heat wave:

Previous studies of heat wave mortality have shown that
residents of places with high poverty, concentrated elderly
populations, poor housing and low vegetation are especially
vulnerable. . . . Several place-specific risk factors . . . such as
quality of public spaces, the vigor of street-level commercial
activity, the centralization of support networks and institu-
tions, concern the social morphology of regions; others, such
as the loss of residents and the prevalence of seniors living
alone, concern population-level conditions. . . . The key rea-
son that African Americans had the highest death rates . . .
is that they are the only group in the city segregated and
ghettoized in community areas with high levels of aban-
doned housing stock, empty lots, depleted commercial in-
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frastructure, population decline, degraded sidewalks, parks
and streets and impoverished institutions. Violent crime and
active street-level drug markets, which are facilitated by these
ecological conditions, exacerbate the difficulties of using
public space and organizing effective support networks in
such areas.”

Again, the ecological and the social conspire to shape the impact
of a disturbance type normally thought of as natural and inexorable.
Further, the impacts of a disturbance may vary among patch types. Some
patch types might be more or less vulnerable and these differences may
have significant consequences for the overall resilience of the patch mosaic.

Development in urban ecosystems has two direct physical impacts
on urban structures. First, it may clear the existing physical urban fabric,
as when land is cleared for urban renewal projects. Such land may re-
main unbuilt on for some time and introduce at least temporarily a new
patch in the city. Within old urban areas, the land may be reclaimed by
structures after a short or along period. The demolition of unsuccessful
public housing and the subsequent building of new convention centers,
festival malls, hospitals, and schools are examples of development that
first destroys and then adds new structures in cities. Second, develop-
ment may add new structures in place of existing ones or on wild land
that had not previously been developed. Agricultural land may also
be converted to urban structures and infrastructure via development.
Microclimate, biodiversity, hydrology, social structure, commuting pat-
terns, and economic drivers may all change as a result of these kinds
of development. Interestingly, the claim by development boosters that
large projects such as sports arenas and conventions centers have an
unmitigated positive effect within an urban area may not be well sup-
ported when all economic and social costs are tallied.”

Transportation infrastructure is one of the most conspicuous dis-
turbance factors in the history of urban areas. In fact, urban historians
commonly note the change in urban form that accompanied shifts in
modes of transportation: from walking and horse to horse-drawn trams
to cable and electrified trolleys to the gas-powered automobile.* The
size and composition of urban patches shift along with these shifts in
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mode of transport. The development of subway or elevated mass tran-
sit lines in early twentieth-century cities was followed by new residen-
tial and commercial patches. More recently, the expansion of multilane
freeways or motorways around relatively compact cities and the instal-
lation of exchanges on these highways led to the extension of suburban
and exurban development.®' Typically, patches of other infrastructure
and modes of development, including office and industrial parks and
regional shopping malls, follow the location of large intersections on
controlled-access highways.

Development may extend to the planting of vegetation patches
or establishment of open spaces within urban ecosystems.* Cities have
been greatly affected by the establishment of large parks and parkways,*
and then later by the conversion of some of these to high-speed trans-
portation corridors or paved playgrounds. Patches created by ruderal
vegetation can emerge in neglected yards and rights-of-way or in old
disused industrial areas. The change in species composition, canopy
closure, and canopy height are examples of within-patch change that
can affect the surrounding areas through biophysical effects, unplanned
beneficial or illegal use, and resultant social perception.

In all of these modes of patch creation, ranging from those con-
trolled by humans or other organisms to natural physical disturbances,
the time dimension is clearly important. How a particular disturbance
impacts a system to create new patches or to change existing patches
depends on the legacies of past conditions and events in the system.
Similarly, how changes in the metabolism of an area can generate
patches or drive patch change can be affected by prior conditions in
the area. In cases of recent events, the effect of legacies may be clear. It
is as though the implications of the event are unfolding in slow motion.
In the case of Hurricane Katrina, the twin legacies of racial segregation
and economic disadvantage clearly determined for whom and where
the damage from flooding was greatest.* Careful historical analyses can
unravel the telescoped legacies that affected past events, as John Barry
does for the Mississippi flood of 1927.%° He showed how politically and
personally motivated engineering decisions concerning the use of levees
alone to attempt to control flooding, and the social structures of the
Delta, based so conspicuously on race and class, placed different groups
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in harm’s way or in safe haven, or allowed different groups either to
recover locally or to be encouraged to migrate. His analysis also exposes
the institutional responses or failures to deliver promised remedies.

The current patch structure in cities can depend on legacies of
metabolism or resource availability as well as on structures left by prior
disturbances. The borders of certain developments in Baltimore reflect
boundaries of colonial land grants.® The location of some of Balti-
more’s large parks reflects the locations of nineteenth-century indus-
trialists’ country estates. The correlation of toxic release inventory sites
with white, working-class neighborhoods reflects the legacy of racial
segregation and the amenity afforded Caucasians of living close to their
manufacturing jobs.*” Blacks were forced to live at greater distances
from factories, resulting in lower correlation with toxic release inven-
tory (TRI) sites in the present. Clearly, the existing patterns of de facto
segregation in Baltimore is itself a legacy of past de jure patterns. Lega-
cies are often, therefore, a part of the complex concatenation of events
that create new patches in urban ecosystems.

For example, Kornblum examined the legacies of social institu-
tions in his study of blue-collar communities in seven South Chicago
neighborhoods.*® He analyzed the shifting ethnic mixes over time and
measured the flux from predominately Irish and Polish immigrants
in 1900 to Polish in 1930 and Mexican, African American, and Polish
in 1970. “In general, the entire South Chicago area is honeycombed by
neighborhoods which differ according to ethnicity. Included among its
residents are Serbians, Croatians, Poles, Italians, Scandinavians, Ger-
mans, Mexicans, and Blacks, who make up the main residential groups.
... There is further segregation on the basis of generation of arrival in
the city”® Kornblum found that this mix of ethnic groups was shaped
by the social institutions established by prior generations. “In becom-
ing involved in political contests, generations of South Chicago people
have continually modified their definitions of who ‘belongs’ in the com-
munity. And through the negotiation of new primary groups in local
politics, South Chicago people also create a blue collar culture which
all local groups, even those who are initially the most feared, eventually
come to share.” Thus, although ethnic groups may sustain their iden-
tity with their traditional religion, food, music, and language, the legacy
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of earlier political institutions promotes assimilation and development
of shared identity and values.

PATCH ORGANIZATION

Patch dynamics is an important theoretical tool because it can accommo-
date the many ways in which elements of spatial heterogeneity interact
with one another.” As we have said earlier, the organization of patches
relative to one another can be treated as an aggregate, spatially inex-
plicit characteristic (richness, frequency, and average size and shape),
or it can be treated as a spatially explicit configuration (adjacency and
assembly). We will say more about how to quantify heterogeneity and
patches in these two ways in chapter 6, using shared social and biophysical
methods. However, it is important here to emphasize that patches consti-
tute a mosaic, in which they may interact. Some processes will tie patches
together in the mosaic, while other processes will be relatively confined to
specific patches or patch types. Patch dynamics, although sensitive to
the features and dynamics of individual patches, gains its real power in
addressing the behavior of patch arrays or mosaics® interacting within
and between levels of organization.

Patch mosaics and patches can be hierarchical models of social-
ecological heterogeneity. In other words, a patch observed at a particular
scale may be broken down into other, smaller patches that are resolved
at finer scales.” Likewise, the original patch may be a part of a larger
patch resolved at a coarser scale. A neighborhood that can be resolved
at the scale of city blocks is made up of patches of individual parcels
or groups of similar parcels. That same neighborhood may be one of
several that make up a district in an urban ecosystem. This example is a
spatially explicit hierarchy of heterogeneity. A specific mosaic of patches
at a given scale is resolved into a mosaic of finer scale patches or be-
comes part of a coarser-scale mosaic. The spatial configuration of the
patches is maintained throughout the hierarchy.

It is possible also to model heterogeneity as spatially inexplicit
patch hierarchies. For instance, a city park system may be disaggregated
into forest parks, soccer fields, baseball diamonds, meadows, arboreta,
parkways, and boulevards. The spatial configuration is not necessarily
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maintained as different kinds of parcels are related to larger units. This
kind of hierarchy is one of classification rather than one of content.

In spite of the fact that it is possible to model heterogeneity with-
out regard to configuration, we find that models that retain information
about the arrangement of patches are the most powerful. Such models
can deal with the form and regulation of interaction of patches. This
is because the nature of the specific contrasts between patches and the
nature of the boundaries between them are crucial factors controlling
the fluxes among patches and, hence, the flows throughout an entire
mosaic.”

Patch contrasts within urban ecosystems can be based on a variety
of factors. For example, topographic heterogeneity defines patches in
some hilly cities, such as Pittsburgh, Pennsylvania, Cincinnati, Ohio, or
Oakland, California. Even in Baltimore, the large forest parks are associ-
ated with the major stream valleys in the city. Classically, in Baltimore, the
wealthy lived on higher ground, leaving the coastal fringes to the working
class. Architecture and housing density differ between those patches.

Flows between patches are of several types and are regulated by
different factors. Social flows may be regulated by convention and so-
cially defined symbols such as dress and accent. Lynch’s famous sur-
veys of urban residents’ mental maps in Boston illustrate the kind of
social boundaries citizens respond to and how their perceptions define
boundaries.” Biophysical flows may be regulated by differences in vege-
tation structure between two patches or by the nature of infrastructure.
For example, as more and more wealthy Baltimoreans reside in patches
of new developments on the waterfront, the accumulation of floating
refuse from patches upstream via storm drains and receiving streams
has become an economic and political concern.

These examples show the importance of joining a patch perspec-
tive of cities with a network perspective.” In biophysical ecology, the
importance of certain patch types as conduits for flows is recognized.
Such patches are sometimes called corridors because of their shape and
demonstration or assumption of function.”” What kinds of patch might
serve as a corridor depends on the structure recognized and the function
of interest. For example, a long narrow forest strip between two larger
forest patches is for some organisms a connector. For other organisms,



64 APPLYING PATCH DYNAMICS

such as those that require shady, moist, and quiet forest interior, such
a long narrow strip bordered by meadow or settlement is no corridor
at all. In fact, for such organisms, it effectively does not exist because it
is bright, dry, and invaded by the noises from outside, which either in-
terfere with their communication or signal risk. Generalist species may
well use the thin connecting patch as a corridor if they are unaffected by
the environmental conditions that exist within it.

This narrow corridor between forests can act as a barrier between
the two meadows on either side of it. Oldfield organisms may be con-
fined to one side or the other. Children may be instructed not to go
through the hedgerow to the threatening, unknown territory beyond.
The point is that the configuration of patches, along with their struc-
ture, determines what function they actually perform in a mosaic.”®

Long narrow connecting patches, or bypassing patches, are con-
spicuous parts of cities. Highways, sewers, train lines, and certain pe-
destrian pathways are important networks in urban areas. Like the bio-
physical corridors described above, they can function to connect certain
patches and separate others. The street grid of a city established before
the advent of private automobile commuting may be an integral part of
the city’s patch mosaic, while new transportation corridors may have a
different relationship to the neighboring patches.” A rail trail through
a metropolitan region may not actually connect effectively with the
patches along it. Elevated motorways may sever neighborhoods and cut
off residents from commercial or social amenities they once enjoyed.
Service infrastructure also connects and disconnects patches in new,
three-dimensional ways. Storm sewers and sanitary sewers are notori-
ously leaky structures. Since in many cities where stream valleys remain
an important topographical feature, those valleys are the location of the
storm and sanitary sewer trunk lines and exchanges of surface stream
water, sanitary drainage, and storm drain flow may be important.'® For
instance, leakage from water supply pipes may define base flow in some
urban streams. Subterranean leaks or manhole overflows can contam-
inate surface streams. Surface stream flow may disappear into adjacent
storm drains, only to appear as a subsidy in downstream areas. Bypass-
ing the surface stream and floodplain processes can rob these waters of
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an important mechanism for removing nitrate pollution,'" as we will
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see in chapter 6. Exactly how the elements of the patch mosaic are ar-
ranged and how they are connected by patch types that represent net-
works are crucial elements of spatial heterogeneity.

In social mosaics, the flow of information or influence becomes
an important functional connection between patches that reflects patch
organization. Police departments with limited resources may classify re-
gions of a city in terms of priority for answering calls. Green zones may be
relatively stable and secure areas, in which all calls are answered in an ef-
fort to keep crime low. Red zones may be judged to be crime-ridden areas,
in which only the most desperate calls are answered. Yellow zones may
receive a priority based on what areas they border. A yellow zone abut-
ting a green zone may receive greater police attention than a yellow zone
bordering a red zone. Although this is manifestly an unjust allocation
of urban resources, it illustrates the importance of patch configuration.
Members of the real estate industry would, of course, refer to this feature
of patch mosaics as their cardinal rule: “Location, location, location.”

Depending on the function of interest, a patch may serve as a source
of a thing or process, a sink, a conduit, or be neutral to the flow."”> How
a patch mosaic is recognized in an urban ecological system depends on
these research decisions, or on the perspectives of the practitioners and
residents. A city may be represented by many different mosaics, each
with its own focal flow or structure.

An important tool for dealing with the heterogeneity that urban
ecosystems often exhibit is patch classification.!® There are many ways
to classify patches in settlements. One of the most common is that
proposed by Anderson and his colleagues.'” This classification was es-
tablished in contrast to the demographic- and human density—based
classifications of geography, because the human-based classification
did not permit natural resource managers to understand lands beyond
cities. The classification divides patch types into those that are primar-
ily vegetated and those that are primarily urbanized. Within the urban
mosaic, Anderson-type classifications typically recognize residential,
commercial-industrial, transportation, waste, barren, and water. Some
modifications of the Anderson system recognize three different densi-
ties of residential. Forest land and agricultural fields are also classified
within urban areas. The Food and Agriculture Organization (FAO) has
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proposed a basically similar kind of classification for the entire world.'*”
The basic philosophy of separating vegetated from built patches is re-
tained in the FAO classification.

Although these familiar classifications separate urban lands from
vegetated lands, they confound land cover and land use. This makes
them unsuitable for some research questions in which the relationship
between structure of land cover and various biophysical or social func-
tions is to be examined. The need for a classification that can serve this
research need, while recognizing the fine grain of urban heterogeneity
and allowing researchers to “see” hybrid social and biophysical patches,
has stimulated a new approach to patch classification in urban systems.

Cadenasso and colleagues have proposed a radically different clas-
sification, based on a different theoretical assumption than the Anderson
and FAOs classifications.'® Cadenasso started with the assumption that
in urban systems, patch types can in fact be a combination of built and
vegetated features. A tour through any variety of urban areas, especially
if the tour includes back gardens and interiors of blocks in addition to
streets and parks, reveals the poverty of the assumption that urban and
vegetated are incompatible, mutually exclusive categories. Street and
road margins, lawns, meadows and oldfields, scrubland, forest stands
in parks and on institutional grounds, community gardens, embedded
farms, and many other forms of vegetation cover, both low and tall, can
be found in cities and suburbs as well as in the countryside. Such vegeta-
tion includes planted, wild remnants, ruderal volunteers, and managed
components. Of course, such elements of vegetation will be adjacent to
or overtop buildings and paved areas. As green roofs become a more
common architectural element, the hybrid nature of urban patches will
become all the more obvious.

Cadenasso’s classification is labeled high ecological resolution clas-
sification for urban landscapes and environmental systems—HERCULES
(figure 3.1). It consists of six axes along which any patch of urban land
can be characterized: (1) building type, (2) proportion of patch occupied
by building cover, (3) presence and proportion of woody vegetation, (4)
presence and proportion of herbaceous vegetation, (5) presence and pro-
portion of pavement, and (6) presence and proportion of bare soil. Anal-
yses reveal that the fine categorical resolution of HERCULES is highly
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Figure 3.1. Examples of distinct HERCULES patches: (a) and (b) are differenti-
ated by building density, although woody and herbaceous vegetation densities

are the same; (c) and (d) are differentiated by density of woody and herbaceous
vegetation, but building density is the same.

appropriate to the heterogeneity of urban lands. This heterogeneity is re-
markably fine grained, and the Anderson-derived classifications fail to ac-
count for it even when applied to high spatial resolution imagery.'"”

HERCULES is a structural classification that does not make judg-
ments about the use or social structure of the urban patchiness it recog-
nizes. Social or political heterogeneity is best dealt with using data sets
that are aimed specifically at these sources of heterogeneity. More will
be said about these kinds of data and analyses in chapter 5. However,
it is sufficient here to note some of the ways in which primarily social
patchiness can be classified.

The classical way to deal with social heterogeneity in the United
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States is through the major variables collected by the U.S. Census Bu-
reau. Other countries collect similar demographic data. The major var-
iables are population size, sex and age structure, ethnicity and national
origin, education, income, home ownership, and employment. Variables
are collected on the basis of households, but to protect people’s privacy,
data are aggregated and summarized with different units of analysis
such as block groups, tracts, and more coarse units of analysis. Ancillary
variables are associated with the census over various periods of its his-
tory. However, the core variables are essentially consistent through time.

New variables are available from other sources and are collected
for different purposes than the census. Notable variables are collected by
other institutions, such as the insurance industry or firms specializing
in geographically focused market classification or segmentation systems
based upon differences in household purchasing decisions, for instance.
Insurance maps provide detailed data on housing age and building mate-
rial. The marketing industry summarizes purchasing behaviors via point
of purchase receipts and other survey methods.!”® These data are com-
bined, along with information from the census, into descriptions of con-
sumption behaviors and lifestyles that are present in different areas.'”

The two major kinds of social data outlined above can be consid-
ered to be motivated by different social theories. The standard demo-
graphic data of the census relate to social theories of livelihoods and so-
ciety as a productive entity. The census measures the human and social
capital that can be applied to agricultural and industrial production. It
is appropriate that this data set was mandated constitutionally by a new
republic that was attempting to organize its resources and peoples to
become a productive and viable nation on the world stage. Of course,
other organizational tactics were applied to this problem, such as public
education and the gridding and opening of federal lands to individual
settlement, but the understanding of the basic human resources of the
nation was a fundamental need. The basic theory is capitalism of indus-
trial production and, of course, its Marxist response.

The second kind of data, that of the marketing cluster approach,
is related to a different set of social theories associated with lifestyles
and consumption. As the United States—and, indeed other industrial
societies—has shifted to a service and consumption base, different kinds
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of data are required to fuel the models and predictions that business-
people and policy makers desire.!*® Such models depend upon theories
of capitalism based on consumption, with its corollary of geodemo-
graphic market segmentation, to generate interest in novel consumer
products and services. The shift to a consumption economy was related
to the spread of suburbanization, the growth of freeways, the estab-
lishment of the real estate industry as an economic force, the rise and
identity of the middle class as opposed to the working class, the shift
from factory to management and service employment, the growth of
the personal automobile as the dominant mode of transit, the philoso-
phy of obsolescence, and the increase in globalization."! This complex
combination of causes, among others, signals a new way to think about
and classify the organization of the social mosaic of the metropolis.
One level of social-ecological organization that frequently emerges
is the neighborhood. Neighborhoods can be understood as villages and
each village can be examined on its own and in relation to other villages.
This is not to use the idealized “rural village” as a foil to the urban neigh-
borhood as village. Rather, it is to use the concept of an urban mosaic of
villages to advance the idea that urban neighborhoods may be usefully
understood as villages in order to distill some essential properties of
social behavior of urban neighborhoods. Unlike rural villages, however,
which are separated by surrounding agricultural and forested lands,
urban neighborhoods may be tightly packed, side by side. In addition,
urban neighborhoods are an important intermediary unit between in-
dividuals and households and larger units of formal governance. The
spatial structure of neighbors can be important for understanding the
social dynamics of neighborhoods. Both Jane Jacobs and Steven John-
son have observed that emergent behaviors can result from thousands
of individuals and a few simple rules of interaction that can create a
familiar but complex choreography of interactions among strangers,

producing routine social order, cohesion, trust, and safety.'?

PATCH CHANGE

Patches change in several ways. They can change in structure or func-
tion. In biophysical ecology, patch change is due to the growth of the
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organisms that characterize a patch or the succession of communities
from one kind to another. Patches can, as we have seen in the discussion
of disturbance, change because of external influences as well, or when
fluxes of materials or energy enter them from another patch and alter
the resource levels or stresses present in a patch. Social succession is also
a possible source of patch change, as are external influences and social
fluxes. We will examine cases of urban patch change below.

Succession in urban patches can be due to the growth and se-
nescence of vegetation, just as it can in biophysical patches. Trees and
shrubs, either planted or migrating into patches on their own, can
change patch structure. Such changes would be reflected in recogniz-
ing different patch types in the HERCULES classification, for example.
Likewise, lawns change as thatch and soil organic matter increase with
age.!

Social succession is illustrated by the maturation of families and
the shifts of neighborhoods to predominance by empty nesters. Some-
times, social succession also occurs when new migrant groups move
into a neighborhood or when factories close and employment and
commuting patterns of residents change as a result. Succession in social
processes can also be the result of changes in the “maturity” of institu-
tions.'"* A neighborhood savings and loan may be purchased by a na-
tional or indeed international bank, and shift its role in a community as
a result.

Social patch change can also reflect fashion. In Baltimore, the
wealthy had traditionally lived on the higher ground. Now, however, as
the city shifts from a working port and industrial economy and popu-
lation sprawls out into the suburbs, some members of the upper classes
are claiming the low ground as new luxury condominiums are being
built along the shores of the harbor and warehouses are being converted
into lofts and well-appointed apartments.

Infrastructural change also causes patch change. The deterioration
over time of sewer and water supply systems and housing stock are ex-
amples. The old row house architecture of Baltimore was built to house
factory workers, dock workers, and their managers and the merchants
who served those industries.'”® A tacit assumption was that occupants
would have the skills or wealth to maintain their homes. Now that most
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Baltimore housing is occupied by professional residents, the middle
class employed in service and administrative roles, or the poor, this as-
sumption is no longer valid. Most people have neither the skills nor the
resources to maintain the old housing stock in the city. In underserved
neighborhoods, the added factor of absentee landlords has exacerbated
the normal wear and tear on housing stock. A telling pattern of change
in housing stock is seen in neighborhoods experiencing marginal in-
vestment. In such neighborhoods, the larger houses appear to be the
first to decline to the point of abandonment. These are the first to be
divided into apartments and occupied by renters rather than owners.
Where once these houses were the jewels of the block, they are now the
eyesores. Patch change often follows the decline of these buildings.

Industrial succession has a role to play in patch change as well.
Again, using the example of Baltimore, an old harbor city, the use of
dockside industrial sites has shifted over time. Baltimore’s first deep-
water port was established in the 1700s in Fell’s Point. As the shipping
industry shifted to larger vessels, this small area proved unsuitable to
dock them. The majority of port activity shifted to other areas in the
city. Ultimately, maritime industry abandoned Fell’s Point, although the
roots of the area in entertaining sailors ashore prepared it for the tourist
and local entertainment businesses that now exist there.

Because so much of industrial activity is now globally rather
than locally controlled, industrial succession in American cities usually
means abandonment at this point. Although the port activity in Balti-
more shifted to other patches in the city and county, accompanied by
developing railroad and shipping technologies, many of the industries
that now survive in Baltimore are based on generating and sharing aca-
demic and medical knowledge, providing medical services, and tourism.
The kinds of structures and social relationships needed to drive those
industries show themselves in developing patch structures in the city
and county.

The examples of industrial succession illustrate the effect of both
structural and functional changes in patch types. On one hand, the shift
from shipping to entertainment in Fell’s Point retains much of the phys-
ical structure of the neighborhood, although its social and economic
function are now much different than two hundred years ago. On the
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other hand, the shifts from heavy manufacturing, such as steel, tanks,
bombers, and autos, to the generation and delivery of medical knowl-
edge have resulted in major physical patch changes. The conversion of
brownfield and declining residential patches to medical research and
hospital buildings and the replacement of low-income by middle-class
housing to serve the research function are examples of physical patch
changes.

Patches do not change in isolation. As we have noted before, they
occur as mosaics in which they can interact and affect one another as
well as the mosaic as a whole and organizational levels above and below.
Changes in one patch within an urban matrix are often associated with
changes in other patches, sometimes distant ones. The status of certain
residential and commercial patches in the city center is tied to that of
residential and commercial patches in the suburbs. Social theory recog-
nizes this by citing both push and pull factors in explaining the changing
status of suburban and central city patches."® The reduced investment
in certain central city patches results from factors that push residents
and investors out of some of those patches—poor schools, poor ser-
vices, high crime. At the same time, certain suburban patches exert a
“pull” on investors and residents, through factors such as availability of
open space, schools with better reputations, proximity to nonindustrial
employment, and so on. The whole mosaic of patches and patch types
shows a shifting pattern as a result of these push and pull factors.

New patches are introduced in the form of such developments as
transportation corridors and regional malls. Old patches, such as those
that characterized rural villages now being subsumed into a growing
suburb, are converted to new forms and uses. For example, residential
structures on the village main street are expanded and converted to
commercial use with new parking lots surrounding them, rather than
the green yards and mature trees of their village incarnation. Agricul-
tural fields, hedgerows, and woodlots give way to condos, tract houses,
luxury estates, and the shopping, schools, and offices that accompany
them. Contemporary urbanization is the very essence of change in a
mosaic of patches.'"”

Patch change is driven by the same kinds of factors that create
patches. These factors can be either metabolic—that is, they deal with
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the transformation of material, energy, and information in systems—or
structural—that is, they deal with the way the components of a system
are put together: system architecture. Abrupt structural changes to sys-
tem architecture are known in biophysical ecology as disturbances. Or-
igin of patches can therefore be attributable to both abrupt and gradual
changes in metabolism within patches, and to abrupt changes in struc-
ture within patches. As we discussed earlier, abrupt structural changes,
or disturbances, can extend beyond patch boundaries and affect parts or
all of several patches. We have not always tried to separate metabolic or
functional alterations from disturbances since the two are often closely
linked in complex causal relationships. Stress to metabolism can lead to
structural disruption, and structural disturbances can result in meta-
bolic stresses. The examples of patch change and mosaic change we have
laid out above show these complex interactions routinely. Organisms,
humans, and human institutions can act as metabolic and disturbance
agents. Physical disturbances include the construction associated with
development, natural disturbances, and social disruptions. Often these
are associated with one another or are linked through various inter-
actions. It is crucial to construct a model of the linked events that lead
to patch change, rather than try to see the whole history as a single point
in time.

We close this section by reminding ourselves of one of the most
powerful complexes of human activities, acting in heterogeneous ways,
that affects urban patch change. Investment and disinvestment are par-
ticularly powerful drivers of patch change in the contemporary global
service economy that now dominates capital exchange.''® The fluxes of
material, energy, people, and capital across patch boundaries, through
the mediation of the structure of those boundaries or the network of
patches specifically designed to facilitate exchange, are important agents
of patch and mosaic change. The distribution between economic invest-
ment and disinvestment across metropolitan space pushes and pulls the
concentration of human population, of human groups, and of human
institutions across an urban region. Governmental subsidies in the form
of transportation infrastructure, energy exploitation and taxation, the
infrastructure to deal with water and other material resource delivery
and waste removal, creation of amenities such as parks, and economic
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incentives for development or redevelopment are major contextual
drivers. The disposition of manufacturing, service, consumption, and
investment decisions across many nations also affects the form of local
urban development and patch condition. Plants, pests, pollution, and
other ecosystem components that people see as amenities and disamen-
ities are redistributed along with the economic and development deci-
sions in the metropolis.'*

The bundle of drivers affecting urban patch change has much to
do with real estate in all its forms and implications. Just as President
Eisenhower cautioned at the end of World War II about the perverse
effects of the military-industrial complex on American society and po-
litical life, so too have contemporary observers noted the significance of
the real estate industrial complex.'” Bundled in this are institutional,
commercial, and governmental concerns that

* provide extended regional transportation and utility net-
works;

+ acquire land for development;

* negotiate the regulatory shoals of local and regional au-
thorities and government agencies;

* build houses and provide new appliances for them;

+ generate new commercial and business centers on the
urban fringe and in old suburbs ripe for redevelopment;

+ provide and guarantee mortgages for new housing.

Also closely related is the increasing combined role of the shift
from a production economy to a consumption economy incorporat-
ing marketing theory and data, media representations of lifestyles, and
advertising. The real estate industry appears to have taken over the inte-
grative economic role of the military-industrial complex. The develop-
ment desired by this industry is linked to the consumer economy and its
global industrial manufacturing and financial components. It is indeed
a complex that embraces features as seemingly disparate as the culture
of the automobile and the role of the media in defining lifestyle groups.
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Summary

From our summary of key concepts in chapter 2, we concluded that
a number of concerns could be captured in an analysis of how differ-
ent types of drivers of organizational complexity had been treated. We
noted that three types of organizational complexity emerged when dif-
ferent levels of hierarchical detail and different scales of influence were
considered. One type of contrast was top-down and bottom-up drivers.
Some scholars proposed top-down control of social organization while
others emphasized patterns emerging from the bottom up due to ac-
tions of individual actors and institutions.

A second type of driver concerned the relative effects of collective
and individual action. For instance, the classical studies of the Chicago
School focused on the integration of new immigrant groups from over-
seas and the American South and emphasized collective action. Other
researchers focused on the choice of individuals and households about
where to settle and emphasized the disaggregated nature of decision
making in urban pattern formation.

A third type of driver pointed to differences in internal versus ex-
ternal control of structures and processes found within a certain area.
Internal dynamics were underscored by those who studied the role of
neighborhood social cohesion on the ability of residents of a patch to
respond to stresses and opportunities from both within and external to
the neighborhood. Other researchers indicated that outside influences
and forces may be more powerful than internal dynamics in structuring
and organizing the biophysical and social conditions and aggregations
within patches. Natural disturbances, federal policies and regulations, and
the global reach of corporate decisions are examples of outside influences.

Whether urban systems are seen as static or dynamic is another
major type of complexity: temporal complexity. Some researchers point
to the persistent structures and legacies of urban systems, noting the
role of anchoring institutions, functions, and landmarks in the city.
Others, perhaps the majority, focus on the agents and causes of change
in metropolitan systems. Given that the period over which urban stud-
ies have emerged has been one of rapid and widespread change in cities
worldwide, this dynamic emphasis is not surprising. However, different
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studies have described a very broad range of temporal perspectives, in-
cluding legacies, lags, and slow and fast rates of change.

Organizational and temporal concerns for understanding the struc-
tures and processes of urban social-ecological systems are quite com-
patible with the spatially explicit approach to patch dynamics laid out
in this chapter. First, because patch dynamics recognizes organizational
complexity, it can accommodate both top-down and bottom-up causa-
tion. Second, individual and collective action also fit within a patch dy-
namics perspective. Patch dynamics accepts that individual agents, such
as households, can affect patch change, and so can collective actions,
such as policy making or management entities. Third, external and in-
ternal control are both featured in patch dynamics. Flux across a patch
mosaic, conditioned by boundaries among patches or by certain specific
patch behaviors, is accommodated by patch dynamics. Fluxes of energy,
matter, information, and organisms, including people, are commonly
seen in patch mosaics. Specific models for the structure of those flows
and the interventions of patch boundaries or gradients in those flows
are a product of the patch dynamics perspective. Here especially, spatial
configuration of patches in a mosaic is a critical attribute for under-
standing fluxes. Fourth, although the patch dynamics approach includes
the term dynamics in its label and focuses on temporal complexity, a
patch dynamics approach can accept static patterns, legacies, or very
slow rates of change as special cases or spatially localized conditions. In
other words, different types and rates of dynamism can be incorporated
into a patch dynamics approach.

Thus, a patch dynamics approach serves as a useful and well-developed
conceptual tool for integrating contemporary perspectives from both the
biophysical and social sciences. It addresses causes and effects, patterns and
processes in terms of spatial heterogeneity, multiple levels of organization,
and different types of change over the long term. These features are
essential for advancing our understanding of urban social-ecological
systems. Furthermore, we recognize that Baltimore is not the only city
relevant to urban ecology. There are several thousand cities in the world
with more than 150,000 people, all with legacies, challenges, and oppor-
tunities. A patch dynamics approach can be useful to understand each
of these urban systems.
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From Baltimore to Bangkok

Interdisciplinary Issues and Strategies

Bangkok, City of Angels

angkok sprawls on the humid alluvial plain, only one and

one-half meters above sea level. The ancient town was a way

station on the road to Ayutthaya, the capital of Siam, as Thai-

land was known until the 1930s. The settlement was a small vil-
lage, bang, populated by farmers caring for their kok trees. When Ayutthaya
was sacked by the Burmese in 1767, the capital was emptied of population,
going from 1 million residents to approximately ten thousand survivors,
and reduced to rubble, ruins, and ash.

Rama I eventually took power as monarch and began to reestab-
lish the Thai kingdom. He moved to rebuild Ayutthaya on the location
of the Bangkok village. Started in 1782, the new capital grew steadily;
brick from the ancient city was transported downriver for reconstruc-
tion. The new city was organized around perpetual water and seasonal
flooding. The klongs, or canals, attuned the historical city to its flood-
plain environment, organized its rich culture and driving economy, and
diverted the seasonal flooding, or at least a bearable portion of it.

By circa 1950 the modern city had reclaimed the original popu-
lation size of ancient Ayutthaya and boasted nearly one hundred navi-
gable klongs. Industrial exuberance, lack of planning, the cold war and
alliance with the United States during the Vietnam War, and conversion to
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an automobile-based transport system led to decades of canal neglect and
road construction that reduced the number of klongs, raised the human
population to over 10 million, and forever altered the ecology of the city.

To foreigners, Bangkok can appear to be “a perfect bedlam.” To the
Thai, it retains its ancient and permanent title Krung Thep, City of An-
gels. And in both its transformation and shimmering permanence, the
City of Angels is a parable for interdisciplinary understanding of urban
ecological systems.

Consider the challenges of conserving—even expanding—high-
quality ecosystem services within contemporary urban ecological systems.
The provision of clean water, clean air, adequate open space, moderation
of climate, and other services is both essential and demanding. Bangkok’s
10 million residents produce 2.4 million cubic meters of wastewater per
day and only 20 percent is treated. The result is frightful: “Tossed into
the brew are toxic chemicals, restaurant discharges, paper, cans, dead
farm animals—and the occasional human corpse. Bacteria contamina-
tion is everywhere from 75 to 400 times above permissible limits.”

Belying the assumption that only the poor suffer the consequences
is the fate of Thai pop star Apichet Kittkomcharren (aka Big D2B). In July
2003, he accidentally drove his BMW into a klong. Rescued by bystand-
ers, he was expected to recover. Instead, a lethal fungus from the polluted
klong led to hemorrhage, repeated brain operations, coma, and death.

At the same time, government projects for controlling flooding,
the continued expansion of wastewater infrastructure, and the develop-
ment of the Bangkok Metropolitan Flood Control center all attempted
to mitigate the rising level of ecological stress. Less than a year after pop
star Big drove into the fetid canal, the king of Thailand received the
Habitat Scroll of Honor Award from the UN for water-related projects.
Bangkok remains both a perfect bedlam and Krung Thep.

Overview

In attempting to understand the complexities of urban ecological sys-
tems, narrow disciplinary approaches appear myopic, minimalist, and
incremental. Under the harshest of light, biology is largely proxy, as
it does not confront the driving forces that perpetuate and pertubate
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urban ecological systems—in-migration from the hinterlands, indus-
trial expansion, consumerist capitalism, and overreaching technology,
among others. Sociology is partially delusion in its avoidance of base
conditions, ecological processes not conducive to “social meaning,” such
as the epidemiologically dangerous klongs, or the constraints on social
systems created by biological ecosystems. Even further, neoclassical eco-
nomics can be seen as a kind of trafficking, with little attention to the
cultural or moral values that underlie human choices. Proxy, delusion,
and trafficking do not seem useful foundations for a true urban ecology.

Instead, interdisciplinary strategies hold the best chances for un-
derstanding and progress, creation of usable knowledge, and effective
application of adaptive management. For patch dynamics, with its focus
on disturbance regimes, the dynamicism of relationships among patches,
and attention to scalar hierarchical interactions, interdisciplinary strate-
gies are essential. The “new paradigm” in ecology that provides the foun-
dation for patch dynamics hints at the interdisciplinary imperative: “A
new ecological paradigm has emerged that recognizes ecological systems
to be open, regulated by events outside of their boundaries, lacking or
prevented from attaining a stable point equilibrium, affected by natural
disturbance and incorporating humans and their effects.”

In this chapter, we examine the interdisciplinary issues and strat-
egies relevant to a patch dynamics approach as it is applied to urban
ecological systems. Many of the issues are common to a wide range of
interdisciplinary research topics and fields. Some are specific to patch
dynamics. A few are specific to patch dynamics applied to urban eco-
logical systems. Based upon this assessment, we review the benefits and
burdens of interdisciplinary research as practiced using patch dynamics.
We suggest some practical mechanics or effective practices to encourage
successful programs of research. Our belief is that an interdisciplinary
patch dynamics approach can invigorate studies of urban ecological sys-
tems and confront the essential issues of twenty-first century cities.

The Standard Litany of Difficulty

There is a standard litany of difficulty associated with doing interdisci-
plinary research. First, it is difficult. There is a pressing need for com-
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mon language, made even more challenging by the use of metaphor.’
Terms like community, competition, evolution, and others can, and often
do, mean very different things within disciplines. Imagine the difficulty
of constructing a definitive glossary of ecological terms acceptable to
biophysical and social science researchers.

Difficulties extend beyond language and include the challenge of
merging fundamentally different theories across different paradigms
and epistemologies.* Assumptions vary, as do the capacity of research-
ers to understand the methods and traditions of researchers from other
disciplines.” Such differences in understanding can, of course, spill over
into difficulties of group interaction. Interdisciplinary research teams
can display a significant lack of patience, trust, and respect, as well as
varying depths of commitment and disagreement over the ownership
of ideas and more.®

There are also institutional difficulties of organization and logis-
tics. These include the effort required to assemble an interdisciplinary
program, the time demands for learning the rudiments of partner disci-
plines, and the commitment required to develop mutual understanding
and willingness to synthesize new ideas, concepts, theories, methods,
data, and conclusions.” Strong organizational and structural constraints
are commonly featured as key difficulties. The doctoral degree system
at research universities encourages both specialization and Thorstein
Veblen’s “trained incapacities.” Even the spatial separation of potential
collaborators within the same university, college, or office building can
act as a barrier to communication.® Hierarchical power structures, con-
centrated authority for decision making, and even “departmental chau-
vinism”” have limited the free trade of ideas and encouraged intellectual
protectionism. Daily and Ehrlich note in a rapid series of economic met-
aphors: “Channels developed to direct flows of capital into university
schools and departments; infrastructure and discipline-oriented reward
systems were established, and positive feedbacks favoring established
disciplines naturally developed, amplifying the career value of a disci-
plinary focus and deepening the channels controlling resource flows.”"

A second charge is that interdisciplinary research is “out of the
mainstream.” Interdisciplinary research is often considered that way be-
cause of the proven reliability of the disciplinary sciences,' the difficulty
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of even defining levels of interdisciplinarity,'? the problems created by
interdisciplinary research in the scientific publication review process,"
and the perceived threat to established disciplinary knowledge develop-
ment and funding."

The issue of time is a key element in the litany: interdisciplinary
research is claimed to take too much of it. Time is needed to learn other
disciplines’ language and meanings, overcome the potential difficulties
of group processes, conduct interdisciplinary analysis of data, and re-
port these results through collaborative writing."”” The overconsump-
tion of time, or at least its increased consumption that is required to
participate in interdisciplinary research, can extend from problem defi-
nition and project design all the way to publication.'® In addition to
time consumption, interdisciplinary research can require sophisticated
and carefully negotiated timing. For example, the challenge of provid-
ing the interdisciplinary research team with needed data from one dis-
cipline to another at the optimal stage of the research project can be
daunting, even if issues of mutual understanding, shared protocols, and
other facets of the research enterprise are agreed upon."”

The litany includes the third charge that interdisciplinary research
is “methodologically challenged.” In particular, the lack of existing and
robust conceptual frameworks means that theorizing and hypothesis
making is often divorced from a clear and articulate interdisciplinary
framework—hence the charge of ad hoc and fragmented efforts at ad-
vancing theory. Similarly, the lack of a common set of protocols, pro-
cedures, and research techniques, which Turner and Carpenter describe
as having “no cookbooks,” makes methodologically rigorous interdis-
ciplinary work even more difficult.'”® An example is the problem of dif-
ferential scales. Mismatches of time and space scales arising out of the
varying disciplinary traditions and techniques can thwart precision and
accuracy, and make integration problematic.”

If interdisciplinary research is charged in the litany of difficulty as
being methodologically challenged, it follows that the litany includes the
claim that interdisciplinary research can be scientifically suspect. Issues
range from too much knowledge necessary for requisite interdiscipli-
nary expertise, which Daily and Ehrlich call the “No Renaissance People

Principle”;* its close corollary that interdisciplinarians must therefore
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be less competent;* and the general perceived lack of depth in interdis-
ciplinary studies.

The merging of inductive-qualitative approaches with deductive-
quantitative procedures adds suspicion, mostly by the deductive-quan-
titative practitioners, but it can go both ways. In particular is the chal-
lenge that inductive approaches are undervalued in ecology.”® There is
also the cloud of murky evaluation. It is difficult to evaluate the com-
parative quality of interdisciplinary research, and few efforts or criteria
exist for such evaluation.?* Hence, assessment remains at the level of
component disciplines, with overall interdisciplinary programs neither
evaluated nor legitimized.

Finally, the litany of difficulty is also personal. Interdisciplinary
research can be seen as career threatening. The publish-or-perish de-
mands of professorship combined with the disciplinary command and
control of the scientific publication system make for difficult career
choices: “Finding appropriate places to publish interdisciplinary re-
search is a more difficult problem. Most journals that publish interdis-
ciplinary work are relatively new and do not (yet) have large readerships
or world-class reputations. This makes it hard to reach desired audi-
ences; it also makes it difficult for young interdisciplinary scientists to
acquire the publishing credentials required for promotion and tenure.
Right now one more over-examination of a trivial issue published in
Ecology, Science, The American Economic View, or Current Anthropology
will count more with a department chair than a path-breaking article in
Ecosystems. Sad, but true.”*

In addition, issues of tenure evaluation, promotion, and reward-
for-work are raised as problematic. Interdisciplinary research has ap-
plied value and usefulness, and is often responsive to public concerns.
This strength often leads the committed researcher to engage in public
education, serve on multiple university and other committees, coteach
or teach in departments other than their own, and engage in activities
that the academy, and in particular its administrators, have found diffi-
cult to consider, credit, or encourage.

Given this long and sober litany of difficulty, why attempt interdis-
ciplinary research and, specifically, why apply its strategies to the patch
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dynamics of urban ecological systems? To answer these questions, we
begin by defining, in working terms, interdisciplinary research.

A Definition of Interdisciplinary Research

There are almost as many definitions of interdisciplinary research as there
are interdisciplinary researchers, and they range from vague (“linking
different disciplines”) to reasonably specific. The National Academy of
Science’s definition is representative and comprehensive: “Interdiscipli-
nary research (IDR) is a mode of research by teams or individuals that
integrates information, data, techniques, tools, perspectives, concepts,
and/or theories from two or more disciplines or bodies of specialized
knowledge to advance fundamental understanding or to solve problems
whose solutions are beyond the scope of a single discipline or area of
research practice.”*

This definition suggests, and we concur, that interdisciplinary re-
search is created when multiple disciplines are integrated during the full
range or cycle of the research process. For patch dynamics applied to
urban ecological systems, this would first include problem recognition,
understanding complex urban ecological patterns and processes; and
theory, a merging of bioecological and socioeconomic theories to ex-
plain complex urban ecological patterns and processes. It would also
include methods, the collection of urban ecological data through the
widest variety of scientific methodologies and at scales suitable to patch
dynamics; analysis, the blending of analytical techniques from different
disciplines; and the application of results, the transfer of patch dynam-
ics insights to general ecology, urban ecology, other physical, biological,
social, and engineering sciences, and policy and management.

Consider the challenges and opportunities of interdisciplinary
problem recognition. A substantive list of core research problems can
be addressed by interdisciplinary patch dynamics—including multiple
scale effects and their emergent properties, interaction of multiple levels
of organizations and agents, interrelationships of fast- and slow-acting
variables, and more. Interdisciplinary patch dynamics may be particu-
larly useful for the analysis of open complex ecological systems, where
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inputs and outputs flux in different sizes, speeds, and patterns. By articulat-
ing urban ecological system research problems in terms that several disci-
plines can contribute to through their base of knowledge, problem recogni-
tion can better reflect the true complexity of urban ecological systems.

Similar arguments can be made for the other stages of the research
process. One of the difficulties described earlier in the litany is that few
evaluation criteria exist to identify or decant true interdisciplinary re-
search from the more vague, and common, interdisciplinary “teams,”
“projects,” or “programs.” In many of these efforts, interdisciplinary
enthusiasm gives way to traditional disciplinary confidence somewhere
early in the study design or data collection stages, only to be rediscovered
during application of results or requests for additional funding.

We suggest a simple yet formidable test. Interdisciplinary research
occurs when at least some of the independent, intervening, and depend-
ent variables in a specific hypothesis being tested are derived from the spe-
cialized knowledge of different disciplines. There is no requirement that
all three variable sets—independent, intervening, and dependent—be in-
terdisciplinary, only that at least some of the variables in the hypothesis be
taken from different disciplines. For an example, we return to Bangkok.

The quality of Bangkok’s water supply is both essential for pub-
lic health and a largely biogeochemical condition. Water quality can be
measured in terms of chemical composition (mg chemical per liter), sus-
pended solids (millions of tons per year), and so forth. As a dependent
variable in urban ecological system research, water quality can be largely
derived from the biophysical sciences, particularly studies of water chem-
istry and human biological response to disease pathogens (figure 4.1).

Intervening variables that influence Bangkok’s water quality are nu-
merous and varied. They include increased human population and per
capita waste generation (liters per day per capita), loss of canals (km’
volume per year), spatial differentiation of population into patches—
the poor living near the remaining klongs with limited or no waste
treatment—and the resulting concentration of waste. At least some of
these variables are from the socioeconomic sciences, such as migration
measures from demography.

The independent variables that drive changes in water quality are
also several. The geology and geography of Bangkok’s natural floodplain
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Independent Intervening Dependent
Global Urban
Investment - > Migration*
(macroeconomics) (social demography)
Government Waste Water
Policies s Treatment* s Quality*
(political science) (political science) (water chemistry)

Floodplain/Climatic

n/ Seasonal
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> Water Flux*
(geology/geography/ (hydrology)
meteorology) y o

Figure 4.1. An interdisciplinary model of water quality and Bangkok’s klongs.
Disciplines are shown in parenthesis. Several of the variables reflect patch dy-
namics characteristics and are identified with an asterisk.

and the meteorologic and climatic processes of monsoons combine to
dictate much, but not all, of the water flux within the urban ecological
system. Government laissez-faire policies regarding city planning, or
the relative lack thereof, lead to limited sewage infrastructure and push
human waste into the klongs. Global economic strategies, which lead to
economic growth within the Bangkok urban region and attract migra-
tion from rural Thailand and elsewhere, drive a significant portion of
in-migration and resulting population increase.

Figure 4.1 illustrates the hypothesis and potential disciplines contrib-
uting to a basic model of water quality in Bangkok. Under our operating
definition, such research would be interdisciplinary research and reflect the
burdens and benefits of that as practiced using a patch dynamics approach.

The Unique Traits of Urban Ecological Systems and
Their Relevance to Patch Dynamics

Given our definition of interdisciplinary research, why then study urban
ecological systems? What unique traits of urban ecological systems
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make a patch dynamics approach a useful research paradigm or tech-
nique? More fundamentally, what, ecologically, defines a city? Pickett
and colleagues define urban ecological systems as “those in which peo-
ple live at high densities or where the built infrastructure covers a large
proportion of the land surface. . . . The boundaries of urban ecosystems
are often set by watersheds, airsheds, comuting radii, or convenience.””’

Cities are, of course, complex systems comprised of people, social
institutions, technologies, infrastructures, and natural environments.?®
The city is both an outward form—expressed as spatial pattern—of
housing, factories, streets, and parks and an inward pattern of life—
expressed as processes—such as cycles of nature, rhythms of work and
play, routes of travel, rules of conduct, and so forth. Modern cities are
strongly heterotrophic ecological systems, that is, highly reliant on external
sources of energy and material resources. Collins and colleagues note:
“Heterotrophic ecosystems are rare on earth, including some marshes,
the deep ocean and streams, but even among such systems cities are
extreme.””

A brief history may be useful. During the Neolithic stages of ur-
banization, the emerging cities of the Indus Valley and Fertile Crescent
relied heavily on local ecological systems. These cities utilized organic
sources of energy and local supplies of drinking water. Cultivated land
was within walking distance of the urban center. Human and animal
wastes were used as fertilizers in situ. Relatively low concentrations of
inorganic refuse, such as glass and metal, were produced. The Neolithic
city survived from resource supplies provided by local ecological sys-
tems and was limited by their capacity.”

A variety of technological and organizational advances released the
urban settlement from reliance on local nature. The paved road made
transport independent of season. The granary and reservoir allowed
storage of food and water. Concentration of administrative and mili-
tary power, its physical form exemplified by the buttressed wall, allowed
the city to conquer other populations and draw from more distant eco-
logical systems. Control of flows became a geopolitical and economic
weapon, as when the city of Florence attempted to redirect the Arno
River to defeat Pisa, its downriver rival. The project was, astoundingly,



INTERDISCIPLINARY ISSUES AND STRATEGIES 87

designed by the aged Leonardo da Vinci and managed by the young
Niccolo Machiavelli.”!

In the modern city, the actual interdependence between the urban
population and its immediate natural areas can be relatively small. The
majority of food, water, energy, and other resources can come from
locations geographically distant. The city relies on what Catton calls
“ghost acreage.”** New Yorkers draw water from upstate, eat vegetables
from California, and drink orange juice from Brazil. One measure of
such importation rates is the concept of ecological “footprint.”*

The larger natural areas of most cities are either limited to provid-
ing recreation, such as parks, or acting as a convenient sink for residen-
tial and/or industrial wastes, such as riverfronts or Bangkok’s klongs.
Smaller natural areas are often engulfed by economic processes that
limit their usefulness, cycling in and out of public and private owner-
ship and access. An example is Baltimore’s abandoned urban lots con-
verting to open space.

The result is an ecological system type particularly appropriate
for interdisciplinary patch dynamics. Alberti and colleagues provide a
partial inventory of unique urban ecological system traits: “Relative to non-
human systems, urban ecosystems have low stability, different dynamics
(complex and highly variable on all temporal and spatial scales), more
non-native species, different species composition (often simplified, al-
ways changed), and unique energetics (antientropic in the extreme).
They have rich spatial and temporal heterogeneity—a complex mosaic
of biological and physical patches in a matrix of infrastructure, human
organizations, and social institutes.”**

In addition, urban ecological systems have (1) high population
densities and resource demands; (2) large-scale habitat modification and
widespread habitat fragmentation; (3) novel assemblages of species, par-
ticularly in association with the exotics described by above; (4) altered
successional patterns and highly managed disturbance regimes; (5) mod-
ified and mitigated natural cycles and climatic conditions, for example,
the urban heat island and air-conditioning of Bangkok or the artificial
watering of Las Vegas; (6) complex social systems with highly variable
spatial patterns—“territories” to social scientists, “patchiness” to urban
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ecologists; and (7) novel combinations of resource fluxes, stresses, dis-
turbances, and responses.

In each case, interdisciplinary patch dynamics approaches have
significant potential for the development of concepts linking nature
and humans, biophysical and sociocultural systems.”® The benefits of
an interdisciplinary patch dynamics approach can be identified at each
stage of the research process—problem recognition, theory, methods
and data, analysis, and application.

The Benefits of Interdisciplinary Patch Dynamics

The application of patch dynamics in its interdisciplinary form has
significant benefits for the study and management of urban ecologi-
cal systems. Some of the benefits derive from the paradigm and tech-
niques of patch dynamics as practiced by biological ecologists. Some of
the benefits derive from interdisciplinary research as described earlier
in this chapter. And some benefits are derived from the synthesis, that is,
there may be extra value in the unique combination of patch dynamics
and interdisciplinary approaches. We consider each stage of the research
process in turn.

PROBLEM RECOGNITION

As the opening example of Bangkok makes clear, the urgency of urban
ecology problems is often a function of the integrity of urban problems,
that is, the interrelationship and tight coupling of social, economic,
cultural, biological, and physical variables into an integrated and com-
prehensive human ecosystem.’® Few, if any, urban problems are narrow
in scope, intellectually provincial, amenable to study by single methods
and simple analysis, or solvable by standard solutions.

The integrity and urgency of urban ecological system problems
are particularly conducive to interdisciplinary patch dynamics, for patch
dynamics well enables the differentiation and complexity of urban sys-
tems to be described in spatially explicit forms. Patch dynamics can act
as a “paradigmatic bridge” linking the concerns of the biophysical ecol-
ogist and the social scientist through variables of spatial differentiation
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(patchiness), temporal cycles, nested scalar hierarchies of effects, and
multiple independent, intervening, and dependent variables.

THEORY

It follows that interdisciplinary patch dynamics has the potential for
broad explanatory power as well as robust prediction and insight. Be-
cause interdisciplinary patch dynamics employs both biophysical and
socioeconomic variables, it can powerfully address research questions
not amenable to single-discipline approaches. Prediction of Bangkok’s
water regime’s quality, distribution, use, disposal, and social impacts is an
example. Because patch dynamics focuses on spatial differentiation, the
density of variation found in urban ecological systems is treated care-
fully, rather than overlooked or oversimplified in theory, model con-
struction, or hypothesizing.

Hence, useful interdisciplinary models of human ecological sys-
tems can be reasonably achieved, with interdisciplinary patch dynamics
providing an important approach for revising and refining such models
at the level of hypothesis testing. An example is the human ecosystem
model (HEM) developed by Machlis and colleagues®” and further ex-
plored by Pickett, Burch, and Grove.*® Figure 4.2 illustrates the most
current version of the model. Within any particular human ecosystem,
including urban ones, a set of critical resources is required in order to
provide the system with necessary supplies. These include biophysical,
socioeconomic, and cultural resources. The flow and use of these criti-
cal resources are regulated by the social system, the set of general social
structures and processes that guides much of human behavior (see box
4.1: “A Brief History of the Human Ecosystem Framework”).

The social system is composed of three subsystems—social institu-
tions, which are the rules and organizations that generate social order; social
cycles of temporal patterns; and the social order, including territory and rank
hierarchy. This social system, combined with key flows, creates the human
ecosystem. Human ecological systems are multiscaled, hierarchically nested,
and amenable to analysis of first-, second-, and third-order effects.

The human ecosystem model as described, with its mix of struc-
ture and process, territory and timing cycles, social institutions and bio-
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Figure 4.2. The human ecosystem framework: critical resources, social system,
and flows. Social identities and hierarchies can play a significant role in the
inequitable distribution of critical resources.

physical flows, is an example of conceptual models that can contribute to
urban ecosystem research. Importantly, interdisciplinary patch dynamics
can “animate” such models—creating interdisciplinary midrange theory
and specific hypothesis from the models’ proposed relationships.”

Patch dynamics, with its focus on nested hierarchy, is particularly
beneficial for examining context, the scale above, and mechanisms, the
scale below, of urban ecological subsystems. As such it can also effec-
tively address emergent properties, such as ghost acreage dependencies,
or infrastructure cohort effects, as well as nonlinearities and spatial dis-
turbances. This ability to address both pattern and process is a feature of
both the human ecosystem model and interdisciplinary patch dynamics.



Box 4.1. A Brief History of the Human Ecosystem Framework

The development of the human ecosystem model began with
the publication of Bill Burch’s Daydreams and Nightmares: A So-
ciological Essay on the American Environment in 1971.* Daydreams
and Nightmares dealt with the environmental issues of the time,
but also called for a scholarly approach to those issues that was
at once “biologically grounded and socioculturally alert.” Reading
Daydreams and Nightmares for the first time in 1974, Gary Machlis
committed to joining Burch at Yale as a doctoral student.

At Yale, the oil crises of the 1970s drove the search for new
and interdisciplinary frameworks for studying environmental
problems. A class handout of Burch’s defined an ecosystem as “the
interacting environmental and biotic system that provides the hab-
itat flows that nurture the human species,” and had a hand-drawn
schematic of the “human ecosystem framework” in generalized
form. In 1984, Burch and William DeLuca published a coedited
volume (Machlis and other students contributed chapters) with
a more elaborated version of the framework.® The book included
several case studies that applied selected portions of the model.

By that time, Machlis had begun work at the University of
Idaho with a new colleague, Jo Ellen Force. Machlis and Force
began a series of research projects on national parks, community
stability (particularly of resource-dependent communities), biodi-
versity, and international forestry. All of these projects applied the
human ecosystem framework in some form or another. By 1995,
Machlis began to attempt a more comprehensive conception of the
framework—treating it as a “model to reflect its formal and pre-
dictive properties.” Burch and Force collaborated in this effort, and
in 1997, they collectively published a two-part essay, “The Human
Ecosystem as an Organizing Concept” in the journal Society and
Natural Resources.© The work presented a revised and comprehen-
sive model, describing each variable in some detail.

Both Burch at Yale and Machlis and Force at the University of
Idaho began to use this model version with their graduate students.
Working with Burch at Yale, Morgan Grove and others began to
apply the model to an NSF-funded LTER project for Baltimore,




Maryland. Eventually, Grove, working with his new colleagues such
as Steward Pickett and Mary Cadenasso, began to experiment with
adapting and modifying the model to deal with urban issues of
patch dynamics.? Others began to apply the model to specific prob-
lems—from desert ecosystem monitoring to resource accounting
for Asian megacities. Both Burch and Machlis developed mod-
el-based training programs for urban resource managers in Asia
(Burch in China, Machlis in Thailand), and the current version of
the model reflects refinements to the basic model outlined in the

1997 paper.
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METHODS AND DATA

Interdisciplinary patch dynamics benefits from its capacity to mix re-
search methods and data sets in ways that confront and test theory.
The admixture of methods can include biophysical monitoring—either
remotely sensed or field sampled; measures of flux—using biological
ecology protocols; behavioral studies—particularly, but not exclusively,
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of Homo sapiens; survey research methods; ethnographic studies; and
more.

Importantly, patch dynamics can take this mix of methods and
data and “integrate for insight,” using its focus on spatial heterogeneity
and patch units. Water-quality indices can be mapped upon the land-
scape as well as rent prices, population density, housing age structures,
and energy flows. This common display can provide both inductive and
deductive opportunities for understanding,* and serve to bring meth-
odological order to data sets collected by the different methods of differ-
ent disciplines. Cartography—the discipline of mapping—is the meth-
odological “glue” that can hold interdisciplinary patch dynamics to a
rigorous and robust standard of theory testing. Advances in cartography
have meant, and will continue to mean, advances in patch dynamics.
The dominant example is the advent of advanced geographic informa-
tion systems (GIS) techniques, which we will discuss later in this chapter
and in chapter 5.

Urban ecologists can find themselves, ironically perhaps, “awash in
data,”*! and patch dynamics can provide “greater understanding of meth-
ods and outcomes of different disciplinary components.”* In addition,
the multiple scales and contextual effects derived from multidisciplinary
data collection empower patch dynamics to deal with interdisciplinary
theory, hierarchical scales, and open systems—all important when stud-
ying urban ecological systems.

APPLICATION

Interdisciplinary patch dynamics has significant benefit in its applica-
tion, both to advancing the science of urban and other complex ecologi-
cal systems and the solving of urban problems through policy, planning,
and management informed by urban ecology.

Toward advancing science, interdisciplinary patch dynamics can
help break through the boundaries of disciplines. At course scales, patch
dynamics can serve as a paradigmatic bridge between the biophysical
and socioeconomic sciences. At the finer scale of individual research
projects, the “cartographic commons” created by patch dynamics’ spa-
tial focus and production of maps can serve to reveal new insights cre-
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ated through interdisciplinary hypothesis testing. New knowledge can
be created and used to complement traditional disciplinary work—
providing context and mechanism for many disciplinary findings and
results. The outcome is a broader understanding of urban ecological
system patterns and processes.

Interdisciplinary patch dynamics can also be an important driver
of new disciplinary research questions and new synthesis across disci-
plines. Importantly, scientists engaged in interdisciplinary patch dynam-
ics are likely, though this is admittedly speculation, to develop broader
conceptions of urban systems and processes. Doing patch dynamics can
alter the researchers’ worldview in ways beneficial to their science and
the science of others.

Patch dynamics also has the significant potential to create “usa-
ble knowledge,” that is, a particular form of science application useful
for policy and management.” To be usable knowledge, research results
must directly address decision makers’ needs at the level of detail and
units of analysis appropriate to the decision. Patch dynamics, with its at-
tention to spatial differentiation, is well suited to the creation of usable
knowledge for urban managers and citizens.

By broadening its reach to interdisciplinary theory and hypothesis
testing, patch dynamics can address complex real-world problems not
amenable to traditional disciplinary solutions. It can aid in understand-
ing underlying causes such as our example of Bangkok’s water quality.
Patch dynamics’ spatial explicitness can help create policy options at
different levels of organization—allowing policies and their implemen-
tation to reflect on-the-ground variation in conditions and increasing
the options and effectiveness of urban policy makers. The same “car-
tographic commons” that enables communication between and among
disciplinary scientists can also create a common communication tool
for citizens. Patch dynamics has potential benefits as an educational and
planning tool that laypersons can understand, apply, and claim as a cit-
izen’s tool.

A summation suggests that interdisciplinary patch dynamics is a
useful and beneficial paradigm and approach. It has the potential for
understanding the complexities of urban ecology as an emerging sci-
entific field and urban ecological systems as critical landscapes around
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the world. Hence, what strategies of action do we suggest? And equally
relevant, what are the “mechanics,” that is, practical tasks, associated
with effective efforts to do interdisciplinary patch dynamics research?
Yet again, we examine strategies and mechanisms across the four key
phases of research—problem recognition, theory, methods and data,
and application.

Strategies and Mechanics for Doing
Interdisciplinary Patch Dynamics

The strategies and mechanics for doing interdisciplinary patch dynamics
are not unique. Many of these suggestions would apply to other forms
of interdisciplinary research. Nor are these suggestions unique to patch
dynamics applied to urban ecological systems. Research teams propos-
ing to study other ecological system types might also benefit from many
of these strategies and mechanics for their research enterprise.

PROBLEM RECOGNITION

As described earlier, mutual learning across disciplines, the develop-
ment of common concepts, and an agreed vocabulary are essential
foundations. Surprisingly few interdisciplinary research teams explicitly
construct their vocabularies. One example is the extended biodiversity
gap analysis group convened by Machlis in the 1990s: these researchers’
meetings and first reports included a consensus glossary of technical
language.** A second example is the BES glossary of terms, which is up-
dated on an ongoing basis and accessible in real time through the Inter-
net and as an on-demand, self-published booklet (http://besurbanlexi
con.blogspot.com).

Interdisciplinary problem recognition is almost always enriched
by asking what has happened in this location or landscape mosaic over
time. The historical narrative is a valuable precursor to asking insightful
questions about urban ecological systems. Consider the historical evo-
lution of Bangkok’s klongs. An analysis of historical change is necessary
for understanding dynamic processes and historical contingencies. Re-
search teams will greatly benefit from including urban historians.
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Issues of boundaries and levels of organization are often treated
as challenges to research at the problem recognition stage. In fact, they
may present key opportunities for interdisciplinary problem solving.
Patch dynamics approaches, as well as the human ecosystem model de-
scribed earlier, are largely scale free. A multilevel focus allows for the
questioning of multiple processes and properties emergent at different
levels, all of which can develop new ways of framing problems that can
in turn lead to greater insights. Spatial boundaries and boundary issues
are opportunities to reflect on problem definition from multiple per-
spectives. The commonly perceived differential between administrative
and ecological boundaries may actually reflect the emergent properties
of human ecological system functioning, where political institutions
impact biophysical systems, and landscape geography and geomorphol-
ogy influence political, economic, and managerial systems.

The mechanics of informal meetings, seminars, and workshops lend
themselves to the development of common confidence, trust, and under-
standing.” Exploring place-based history can both energize problem
recognition and develop common interest among disciplinary research-
ers within interdisciplinary teams.*® Early involvement of graduate stu-
dents is likely to encourage a “creative willingness” among experienced
researchers, as student queries about “the obvious” demand answers
that in turn create new insights. Project leaders should never underesti-
mate the value of fine drink and good food in the creation of scientific
research teams.

THEORY

Theory building for interdisciplinary patch dynamics is not unlike the-
ory building for other realms of science: there are multiple paths to pro-
gress and there is no one right way to do it. Because patch dynamics has
a special “eye” for spatial differentiation and interactions across land-
scape patches, its most predictive power is as a “place-based” science. Its
most robust theorizing is likely to be theories of the middle range.
There is, of course, considerable extant theory available to the
patch dynamicist. Patch dynamics theory itself has established a grow-
ing predictive power.”” Hierarchy theory* and its corollary hierarchical
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patch dynamics® are sources of theoretical insights. Panarchy theory
was developed to address multiscale spatial and temporal dynamics of
socioecological systems.* Its similarity to and insights for interdiscipli-
nary patch dynamics should be embraced.

These theoretical resources, and there are many others, do best at
predicting emergent properties and explaining differentiation, both of
interest to patch dynamics. The density of differentiation expressed in
urban ecological systems, that is, the level of patchiness and the intensity
of change across space and time, makes these theories good candidates
for understanding urban ecological systems.

From these theories and other disciplinary traditions as well, con-
ceptual models can and should be strategic options. As Heemskerk and
colleagues note, conceptual modeling can help develop mutual under-
standing of assumptions behind theories and lead to understanding of
interactions—a necessary step toward hypothesis generation.” Earlier
we described the human ecosystem model as a strong candidate.” Grove
and Burch have extended the model to apply even more directly to urban
ecological systems and the problems of patch dynamics.” Whether it is
the human ecosystem model or alternatives, the conceptual modeling
clearly must be able to accommodate patch dynamics’ interest in spatial
differentiation and interactions over the landscape.

Because of the spatial focus of patch dynamics, hypotheses derived
from patch-relevant theory are likely to be (1) interdisciplinary, (2) ex-
pressive of emergent properties, and (3) multiscale. Each has implica-
tions for research strategy. In every case, the optimal test for interdisci-
plinary research is whether a specific hypothesis includes variables from
different disciplines as either independent, intervening, or dependent
variables.

Patch dynamics applied to urban ecological systems provides ample
opportunities for scientific advance, particularly when hypothesis are de-
rived from the theories described above. As Pickett and colleagues note:
“Contemporary ecosystems ecology exposes the roles of specific species
and interactions within communities, flows between patches and the
basis of contemporary processes in historical contingencies. These in-
sights have not been fully exploited in urban ecological studies.”**

Robust hypotheses derived from interdisciplinary patch dynamics
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reflect all the characteristics of sound hypothesis construction elsewhere
in the sciences: (1) clarity and appropriate precision; (2) the capacity to
operationalize, measure, and test; (3) avoidance of truisms, circular rea-
soning, and other forms of marred logic; and (4) potential for replica-
tion. Because patch dynamics is very “place based,” the dangers of treat-
ing idiosyncratic or localized historical contingencies as more generic
patterns or processes should be a constant concern. A useful strategy at
the theory stage of research may be careful thought experiments: place
the hypothesis in Bangkok, transport it to Baltimore, shift it to Beijing,
and if it still makes logico-theoretical sense as a hypothesis, then test the
hypothesis in one or more real-world urban systems.

The mechanics of interdisciplinary theorizing and hypothesis
testing are self-evident but often ignored or undervalued. “Interdisci-
plinary” research teams sometimes succeed at the problem recognition
stage, develop several interdisciplinary grand challenges, and then divide
and go their separate ways. Hypotheses are generated individually, often
within disciplinary boundaries, and then brought back to the research
team for testing. The comfort level of such a strategy is high. However,
the mechanics of doing so can result in significant missed opportunities
for advancing understanding of complex ecological systems. Hence, team
meetings, paired-researcher assignments, explicit hypothesis-testing ses-
sions, and continued informal gatherings all are important to consider.
Generous provision of fine drink and food continues to be an important
organizational tactic.

METHODS AND DATA

If interdisciplinary divergence during the construction of hypotheses is a
challenge to interdisciplinary research, the methods and data-gathering
stage is even more vulnerable to refracted and divergent research. Disci-
plines often have deep ties to a particular research method, and research-
ers tend to be most comfortable using methods and data that were in-
troduced to them during their disciplinary training. Think of sociology
and its common reliance on survey questionnaires or ecology and its
love of quadrat-based sampling.

Yet if interdisciplinary patch dynamics is to be successfully applied
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to urban ecological systems, a new synergy between methods and data
collection must be developed. Water-quality data, whether in Bang-
kok’s klongs or Baltimore’s inner harbor, can still be collected using the
best-available hydrological and water chemistry techniques, but with a
strategic purpose of integration using the patch dynamics approach, a
human ecosystem model, and interdisciplinary hypotheses.

One useful strategy is scaled data framing: the explicit collection and
integration of data such that slower and/or larger variables are used to char-
acterize context and smaller and/or faster variables are used to characterize
mechanisms. Allen and Hoekstra note: “For an adequate understanding
leading to robust prediction, it is necessary to consider at least three levels
at once: 1) the level in question, 2) the level below that gives mechanisms;
and 3) the level above that gives context, role, or significance.”

What scaled data framing does is create opportunities to develop
multilevel data sets rather than discard measurements of a particular
variable as being “wrong” in scale. For example, data on the granting
of sewer permits, such as the number of new permits per month per
capita, may be available only at the county, city, or ward level; water
consumption for household waste management might be collectible for
individual households and aggregated to neighborhood or ward level.
In the development of a patch dynamics data set using the scaled data-
framing strategy, both of these data sets can be useful: county-level
sewer permits providing context for neighborhood wastewater flows
and household water consumption providing a mechanism to predict
sewerage capacity and limits at ward or county level.

Similar arguments and examples can be made for scaled data fram-
ing over time. Variables that operate at faster speeds, such as energy trans-
fers or shifts in market prices, provide explanatory mechanisms for slower
time-scaled variables, such as energy retrofitting of older housing stock
or early adoption of new technologies. What is essential is an a priori
and disciplined plan for data management and a set of agreed core pro-
tocols. For interdisciplinary patch dynamics, such a plan should revolve
around best-practiced geographic information systems (GIS). Numer-
ous textbooks and instruction guides exist for the development of GIS
systems for research.”® Most large cities have GIS operating systems, as
do research programs in urban ecology. Newer systems and hardware
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can accommodate the large and multiple data sets implied by scaled
data framing. Remotely sensed data, census, zoning and city planning
data, and primary data collected on specific variables are all candidates
for a patch dynamics approach. Rather than treat GIS systems as elec-
tronic mylar, only making easier the display of McHarg’s mylar layers of
thematic data,”” advanced GIS tools are available to analyze emergent
spatial properties, dependencies, and relationships among data sets.

From a logistical or mechanics point of view, patch dynamics re-
search requires a heavier investment in data management than many
other forms of social-ecological research. The investment must be
front-loaded, that is, the design of data management systems and proto-
cols should precede data collection and be revised as experience suggests
or requires. The investment should be in adequate hardware (there is
no such thing as too much memory), software and, most important—
wetware: human smarts. The data manager, or data management staff,
should be skilled, experienced, and an integral part of the research
team—not a “downstream” employee asked to “make some data files” or
“handle the data” after research planning and data collection are done.

Like early investment in data management, significant up-front
investment in high-quality cartography is a sound strategy for inter-
disciplinary patch dynamics. Like the data manager, the cartographer
should be a part of the research team from the start and attention to the
cartographic display of data considered an essential element through-
out the research project. In addition, care should be taken to distinguish
between basic GIS output and the creation of insightful maps. Much of
GIS output can be a fog of poor cartographic design.”® For interdisci-
plinary patch dynamics, maps are the common ground of contributing
scientific disciplines.

ANALYSIS

Analysis, like other stages of the research process, requires special atten-
tion if it is to be effective for interdisciplinary patch dynamics. Partly
as a function of interdisciplinary theory, models, and hypotheses, and
partly as a function of mixed data sets and the scaled data framing de-
scribed earlier, analysis within patch dynamics can be challenging. At
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the same time, innovative analytic tools are available to the patch dy-
namicist. The richness and time scale of much urban ecology data make
these tools highly effective.

An example, described earlier, is the use of GIS-based mapping
to display and organize urban ecology data across spatial units. Simple
overlays of population and water quality for Bangkok can be power-
ful in revealing potential relationships. More sophisticated GIS-based
analytical tools can also provide powerful insights. Spatial and statisti-
cal analysis of distances, adjacencies, edge effects, boundary values, and
more are available. Combined, such analyses can describe the spatial
context of urban patterns and processes, creating “location syndromes”
that can be used to create both an archeology or natural history of set-
tlement and practical tools for change detection.

Strategies for using those tools, and there are many others than
those described here, hinge on integration. Redman and colleagues note
that such a multiscale approach requires that “data be collected with
complementary protocols in order to measure action-and-response re-
lationships as well as feedbacks among social and ecological processes.”
Action-and-response analysis will require some form of longitudinal
data, hence the time-scaled data framing described earlier, as well as
historical description for context and background, if patch dynamics is
to reveal spatial processes. Time and periodicity become critically im-
portant variables. New technologies for spatial time-series analysis or
the conversion of spatial data, such as adjacencies or boundary values,
into time-series data sets are potentially important for patch dynam-
ics. New spatial visualization techniques that display change over time
across landscapes are crucial as well.

An important strategy for interdisciplinary patch dynamics is to
overcome the all-consuming attraction of intensive case studies and
begin the equally challenging, and perhaps more insightful, effort of ex-
tensive population studies. Cross-site comparison studies with match-
ing foci can help researchers discover underlying processes. The match-
ing foci can and should be derived from the patch dynamics approach
and human ecosystem models of some kind. The comparisons can, like
singular case studies, use scaled data framing to provide information
on higher-scaled context and lower-scaled mechanisms. Importantly,
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such comparisons can allow the patch dynamicist to evaluate not only
the generalizability of action-and-response relationships, but the poten-
tial influences of context and mechanisms. Does the contextual affect
X in case A appear in case B? Are different contextual effects associated
with the same or similar target-scale conditions or processes? These are
the typical research questions made answerable by such strategies. The
development of extensive-intensive frameworks are essential for scaled
data-framing strategies.

The mechanics of such analyses are surprisingly traditional. The
steps of strong inference, a priori thresholds for accepting hypotheses,
careful testing of the null, and explicit acceptance or rejection of hy-
potheses are all valuable. Research teams should maintain a diligent
watch for reifying concepts, accepting spurious relationships, commit-
ting the so-called ecological fallacy, which may wrongly assume that
mechanisms at one scale are operative at another, data “fishing” for
confirmatory results, and other standard missteps. It may be useful to
separate the responsibilities for data management from analysis, or at
least make acceptance/rejection of specific hypotheses a carefully dis-
tinguished and rigorously held event. Patch dynamics, with its opportu-
nity to discover new and exciting emergent properties, requires—if not
a falsification standard—a warning that researchers should not be too
infatuated with their hypotheses.

APPLICATION TO RESEARCH

The strategies and mechanics for doing interdisciplinary patch dynam-
ics extend to the application stage of research. The results of interdisci-
plinary patch dynamics research projects have bearing and application
for science, for social-ecological studies in general, for urban ecology
specifically, and for decision making.

For general ecology, interdisciplinary patch dynamics is likely to
reveal numerous patterns—particularly discontinuities in emergent
properties. That is, testable hypotheses using the patch dynamics ap-
proach may identify nonlinear relationships between landscape patches
that emerge at certain densities, flux levels, or scales—and that may re-
cede or be replaced at still other thresholds. Hence, patch dynamics has
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application for “fine-tuning” general ecological principles, particularly
at the landscape level, as well as adding to our understanding of the dy-
namicism of complex urban ecological systems.

In addition, patch dynamics’ focus on organizational complexity,
coupled with the methodological strategy of scaled data framing, posi-
tions patch dynamics research to reveal important insights as to scale ef-
fects within urban ecological systems. Ironically, the “scale-free” nature
of patch dynamics allows analysis to systematically focus on processes
and patterns that emerge between scales once they are specified. How
does a mechanism or process at one scale affect system characteristics
at a higher scale? What is the process, or processes, that empowers con-
textual effects to influence system characteristics at a lower scale? Patch
dynamics can help answer these questions, with useful application to
social-ecological theories.

Interdisciplinary patch dynamics has additional strategic applica-
tions, particularly as a paradigmatic bridge between the biophysical and
socioeconomic sciences. The construction of interdisciplinary concep-
tual frameworks, such as the human ecosystem model, and interdiscipli-
nary hypotheses enable the development of new insights into the rela-
tionships between biophysical and socioeconomic systems. Rather than
generating bland generalizations regarding “the environment,” patch
dynamics can be applied to the steady development of a rigorous form
of contemporary social ecology, which Machlis and colleagues have de-
scribed as a “new life science.”®

The results of patch dynamics research in urban ecological sys-
tems has had, and will have, direct application to urban ecology sci-
ence and decision making. The patchiness and complexity examined
by this research strategy are reflective of the real-world complexity and
differentiation of urban systems. For example, the klongs of Bangkok
and the wastelands of row house demolition in Baltimore create, or at
minimum are influenced by, the density of variation within these great
urban systems. For the researcher interested in cities, patch dynamics
has direct application for problem recognition, theory development,
hypothesis testing, methods and data collection, and analysis. For the
researcher interested in process and change across the urban landscape,
patch dynamics is an invaluable paradigm, strategy, and research tool.
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The mechanics of these applications require some ingenuity, crea-
tivity, and intellectual confidence. Publication of results from interdisci-
plinary patch dynamics research is more difficult than other publication
challenges—key journals may shy away from interdisciplinary studies,
the peer review process may take longer, evaluation standards may be
unclear or unavailable and vary by discipline, and there is no single
outlet or publication mode that is paramount. Hence, senior principal
investigators may need to take the lead in publication, bringing junior
investigators and graduate students in as full collaborative partners. Ar-
ticles reporting the results of patch dynamics research will need to be ex-
emplars of conciseness, clarity, and precision. In such articles, assump-
tions should be rare and definitions common. In addition, considerable
care should be invested in the maps, figures, and charts. Cartographic
principles of spatial data visualization should be closely followed, and
the same exemplary characteristics of clarity and precision should be
adhered to, with the added visual requirements of grace and persuasion.

In addition to the traditional journal article, even if it contains
nontraditional interdisciplinary findings, the mechanics of patch dy-
namics approaches may suggest other forms of scientific communica-
tion. Studies of urban ecological systems, with their richness of data
and density of interested readership, may be especially appropriate for
the monograph format, particularly where the research has dealt with
both the patchiness of space and change over time. The opportunities
afforded by electronic publication, dedicated Web sites, and other new
forms of scientific communication are worthy of consideration. Web
sites, with their potential for hyperlinks among topics, data sets, and
units of analysis, are both a rough analog of the patch dynamics ap-
proach and a powerful tool for applying patch dynamics research.
Linked to high-quality, cartographically accurate maps, such Web sites
can become electronic laboratories for patch dynamics research and
communication.

APPLICATION TO POLICY AND MANAGEMENT

Interdisciplinary patch dynamics has specific value in its application
to policy and management. As described earlier, it can create useable
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knowledge for decision makers, resource managers, and citizens. In
part, its value for practice emerges from its focus on spatial variation
and interactions across the urban mosaic and over time. Patch dynamics
can reveal important boundaries, social-ecological patches, and differ-
ences among these patches. It can help evaluate impacts of policy and
management options across a varying urban mosaic—revealing how a
single policy or management strategy may succeed in one location, fail
in another, and have unintentional consequences in both. Its spatial ex-
plicitness may create customized policy options for a patch or group of
similar patches. Its ability to illustrate complexity mirrors the reality of
most social-ecological systems, particularly urban systems.

Interdisciplinary patch dynamics is also valuable for practice be-
cause it integrates variables that decision makers, resource managers,
and citizens are concerned about. To the Thais of Krung Thep, both
neighborhood population change and klong water quality are impor-
tant issues. Interdisciplinary patch dynamics can provide important ev-
idence of relationships and be useful in the struggles over policy and
management choices. By linking social and biophysical conditions with
science, patch dynamics mirrors linkages that exist in the real world of
urban life and can help identify underlying causes, address real-world
problems, and ultimately help make urban life better.!

The mechanics of making patch dynamics applicable to policy and
management are not unique, with one possible exception. Like other
forms of knowledge transfer, the research question and theory must be
described in clear terms, avoiding the disciplinary code that often poses
for scientific sophistication. Methods must be presented as steps toward
results rather than scientific exercises valuable in their own right. Data
should be presented with an eye for clarity and summation rather than
complexity and obfuscation. A large literature on the visual display of
information is available. Patch dynamicists presenting their results to
broader audiences should not only read these guides but follow them.

The possible exception to the common list of reminders regarding
public use of science has to do with patch dynamics’ focus on variation
across an urban patch mosaic. As we have mentioned elsewhere, this
spatial explicitness creates an unusual reliance on maps—base maps,
thematic map layers, GIS outputs, map displays of patch mosaics and
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change over time, and so forth. Hence, effective applied patch dynamics
will partially be dependent on effective public cartography.

Public cartography is demanding, for it requires creativity and
adherence to cartographic principles, sophisticated mapmaking, and a
commonsense understanding of public use. How many public-planning
maps have been produced in stunning colors, only to be photocopied
for the public as indecipherable, fuzzy black-and-white images? Again, a
large “how-to” literature exists.®

Curiosity and Kyosei

Selected strategies and mechanics for doing interdisciplinary patch dy-
namics have been suggested in this chapter. Undoubtedly there are other
approaches and techniques useful to the task. Yet beyond the strategy,
mechanics, and institutional structures conducive to interdisciplinary
patch dynamics, two emotive values seem imperative.

The first is curiosity—a drive to know as much as possible about
what is relevant. Patch dynamics applied to urban systems requires an
intense intellectual curiosity because its focus on flux over time and
space demands an unraveling of relationships that are often hidden,
counterintuitive, and subject to nonlinear effects. The echo of the 1930s-
era Home Owners’ Loan Corporation maps in the racial structure of
many cities today is an example. Only a steady curiosity can hope to
tease out substantive insights from patch dynamics. The surface is all
too often a kind of banal geography—simple mylar on simpler base
map. Interdisciplinary patch dynamics raises the requirement for curi-
osity even higher, for now the researcher must strive to relate variables
and processes from one discipline to those of another. The shift in map-
ping causal variables related to industrial productivity to understanding
the spatial patterns of consumption is an example of a multidisciplinary
insight. While the litany of interdisciplinary difficulties can be partially
overcome by sound strategy and smart mechanics, it is curiosity that
can drive the patch dynamicist or research team to create truly interdis-
ciplinary research, and hence make useful discoveries.

The second emotive value is kyosei, the Japanese concept of “work-
ing together for the common good.” Kyosei is the corporate philosophy of
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the Japanese electronics giant Canon, Inc., and has been applied to both
the company’s business practices and its philanthropy, which includes en-
vironmental programs of international scope. Kyosei requires contribu-
tion (not to be confused with blind conformity) to a common cause and
is an essential element of effective team building. In the case of patch
dynamics research, with its reliance on interdisciplinary teams of sci-
entists, graduate students, and staff, team building is essential for long-
term success. The project director and the data manager, GIS specialist
and statistician, ecologist and social scientist must all be able to practice
kyosei. Interdisciplinary patch dynamics is predominantly a team- or
group-oriented form of social-ecological research. Commitment to a
common cause and the delivery of individual expertise and insight to
the group effort are both necessary and rewarding, as kyosei describes.

Combining curiosity and kyosei with the strategies and mechan-
ics of patch dynamics can be both challenging and exhilarating—a
potent scientific tool for examining difficult questions. The result can
be an interdisciplinary patch dynamics that confronts the issues of the
twenty-first century urban ecological systems—the “perfect bedlam” of
Bangkok, and not just Bangkok.

From Bangkok to Las Vegas

Las Vegas sprawls on the flatland of the harsh and arid Mojave Desert.
Its annual rainfall is four inches. The original frontier town was a way
station on the route from Salt Lake City to Los Angeles. In 1829, ar-
tesian springs were discovered and the site was named Las Vegas: “the
meadows.” Gold strikes in the area in 1860 created Las Vegas as a mining
town for provisions and supplies, and the boom-and-bust pattern of
American gold mining was played out in traditional cycles of economic
hyperdevelopment and decline.

In 1928, the U.S. Congress passed the Boulder Canyon Act, funding
what was then the world’s largest dam, on the Colorado River. Construc-
tion of Boulder Dam brought thousands of workers, millions of dollars,
and large-scale water infrastructure to Las Vegas. In the American West,
water mixed with money creates energy, and energy was required by the
U.S. military buildup in the western part of the country between the
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two world wars. The Las Vegas Army Air Corps Gunnery School was
established to take advantage of desert climate flight conditions, and
the Basic Magnesium Plant was built to take advantage of the abundant
energy supply.

Gambling was legalized in 1931, and the “swamp cooler,” a technol-
ogy for air-conditioning, was introduced. Gambling attracted tourists,
as did the short residency for uncontested divorce, and air-conditioning
powered by Boulder Dam—produced electricity helped make visiting
Las Vegas pleasurable. Bugsy Siegel opened the Flamingo in 1946, com-
bining mob funding and control, Hollywood fantasies and celebrities,
theme resort planning, and the provision of vices.* Other casinos fol-
lowed, and Las Vegas became a major tourist destination.

With the decline of mob control in the 1970s, the casinos became
corporate, and the creation of “planned communities” made the real
estate industrial complex of speculation, housing development, and
population growth the new “engines of growth” for Las Vegas. These
planned communities often were built with bond-financed infrastruc-
tures, a modicum of services, and little “intercommunity planning.”

The population of Las Vegas soared. The city and its surrounding
county grew 483 percent from 1960 to 1990. The modern tourist in-
dustry—a postmodern mix of gambling, which is now called “gaming,”
family theme parks, conventions, and the sex trade—has driven desert
accommodations to astounding levels. As Kunstler notes, Vegas has be-
come a growth “metajoke”: “The hotels on the four corners—Excalibur;
New York, New York; MGM Grand; and the Tropicana—contained all
together more hotel rooms than the entire city of San Francisco.”®

The ecosystem demands of Las Vegas reflect the hypergrowth of
economic development and absurdist infrastructure. There is low annual
rainfall even for a desert environment—for instance, Tucson, Arizona,
in the Sonoran Desert has three times the rainfall of Las Vegas. The res-
idents of Las Vegas average 325 gallons per day water consumption, a
higher per capita amount of consumption than any other city in the
world.”” Groundwater overdrafts are creating subsidence of infrastruc-
ture foundations; the high mineral content of water supplies combined
with Las Vegas’s sewage and pesticide/fertilizer runoffs result in poor
and declining water quality. Ironically, the arroyos of Las Vegas can se-
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Plate 1. Framework for complexity of social-ecological systems. The three di-

mensions of complexity are spatial heterogeneity, organizational connectivity,
and temporal contingency. Components of the framework are arrayed along
each axis, increasing in complexity from top to bottom. A more complex un-
derstanding of spatial heterogeneity is achieved as quantification moves from
patch richness, frequency, and configuration to patch change and the shift in
the patch mosaic. Complexity in organizational connectivity increases from
within-unit processes to the interaction of units and the regulation of that
interaction to functional patch dynamics. Historical contingency increases
in complexity from contemporary direct effects through lags and legacies to
slowly emerging indirect effects. While not shown in the figure, organizational
connectivity can be assessed within and between levels of organization.
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Plate 2. Comparison of land cover classifications derived from high-resolution National Agricultural Imagery
Program (NAIP) imagery and mid-resolution Landsat TM imagery of the same area. (a) High-resolution im-
agery for an area in New York City; (b) classifies those portions of the area with tree canopy cover, using the
NAIP imagery; (c) classifies the same area using the Landsat TM data (National Landcover Database). Com-
paring (b) and (c) shows that Landsat TM data are insufficient for detecting fine-scale vegetation in the more
heterogeneous parts of the study area.



@® UFOREPlots [] County Boundaries

NLCD 2011

[] Barren Land B Developed, High [ | Developed, Open [[] Mixed Forest
B Cuitivated Crops Developed, Low  [7] Emergent Herbaceous [l Open Water
[7] Deciduous Forest [Jl] Developed, Medium [ Evergreen Forest [[] Pasture/Hay
[] Woody Wetlands
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Plate 6. Home Owners’ Loan Corporation map for Baltimore city, 1937. The
inset description reads: “Security Grading: Declining. Location: The portion
of the Ward lying south of Druid Hill Park bounded on the East by Mt. Royal
Terrace; South, North Avenue; West, Reistertown Road. Description: An old
residential section seriously threatened with negro encroachments. A small sec-
tion along Reistertown Road consists of fairly modern two story brick rows.
Mixed—some negroes, some owners of long standing still occupying old resi-
dences—converted apartments containing white collar class-skilled mechanics,
etc., Population 1930 (whole ward) 38,596, 10.5% negro, 8.7% foreign born.
Population increase since 1920 (whole ward) 14.7%. Favorable Features: Druid
Hill Park and good transportation. Detrimental Features: Obsolescence and
negro encroachment.”
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Plate 7. Urban tree canopy cover and PRIZM lifestyle market categories. Neigh-
borhood patches in Baltimore can be classified using PRIZM lifestyle market
categories. The size of the circle indicates the amount of residential canopy
cover in each neighborhood. Neighborhoods may have similar levels of popu-
lation density, and households may have similar levels of income and education
but are at different life stages. Differences in the amount of urban tree canopy
cover per neighborhood may be significantly associated with household life
stage.
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Plate 8. Legacies of redlining: Comparing the HOLC map of security zones (a)
with a map of urban tree canopy cover (b) shows that neighborhoods classified
as “hazardous” or “declining” in 1937 still had the lowest rates of canopy cover in
2007 and the highest concentration of vacant lots and buildings in 2012.
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verely flood like the klongs of Bangkok—even an inch of rain can cause
flooding due to soil type and poor drainage planning.%®

With one thousand new residents arriving each week,*” and water
supplies constrained by the Southern Nevada Water Project and other
supply streams, Las Vegas may reach its absolute limit within the decade.
Decadal droughts and climate change may hasten the crisis, for which
the human systems of Las Vegas may be uniquely ill prepared. Kunstler
notes: “In evolutionary biology, at the threshold of extinction organisms
often attain gigantic size and a narrow specialty of operation that leaves
them very little room to adapt when their environment changes even
slightly. This is the predicament of Las Vegas.””

From the “perfect bedlam” of Bangkok to the “metajoke” of Las
Vegas, urban ecological systems reflect the challenges of the twenty-first
century settlement of Homo sapiens. To manage these challenges may
require a new kind of ecology and, perhaps, a new kind of ecologist.
Interdisciplinary strategies hold the best chance for understanding and
progress, the creation of useable knowledge, and effective application of
adaptive management (table 4.1). Interdisciplinary patch dynamics may
be a substantive tool of use and purpose in these efforts.
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Table 4.1. Benefits and recommendations for interdisciplinary patch dynamics

Variable Benefits Recommendations
Problem Historical narrative neces-  Benefit from use of historians
recognition sary for understanding Informal meetings, early
dynamic processes and involvement of graduate
historical contingen- students
cies (called place-based =~ Examine boundary and scale
histories) issues to develop new ways
Multiscale focus, ability of framing problems
to identify emergent
processes
Theory Special “eye” for spatial Explore patch dynamics, hier-
differentiation archy, and panarchy theories
Theories developed useful ~ Develop conceptual models
for predicting emergent  Patch dynamics being “place
properties and differen- based” means that historical
tiation contingencies should be
Patch dynamic theories are constant concern
likely interdisciplinary, Use thought experiments:
expressive of emergent place the hypothesis in sev-
properties, and multi- eral locations to check for
scale logico-theoretical sense
Need to develop joint Team meetings, paired research
hypotheses assignments, explicit hypoth-
eses sessions, and continued
informal gatherings with fine
drink and victuals
Data and Methods should have “stra- ~ Synergy between methods
methods tegic purpose” to fit the and data collection must be

patch dynamics, human
ecosystem model, and
interdisciplinary hy-
potheses

developed
Use scaled data framing by
context and mechanism and

time
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Table 4.1. continued

Variable Benefits Recommendations

Requires heavy investment A priori and disciplined plan
in data management for data management, and a

Spatial representations set of agreed core protocols
(maps) are the visual Use best-practice GIS
“common ground” for Design of data management
contributing scientific systems and protocols should
disciplines precede data collection

Data managers and cartogra-
pher should be integral part
of research team

Analysis GIS-based mapping for Need to use complementary
display and organization protocols among disciplines
of interdisciplinary data to measure “action and re-
across spatial units used sponse relationships as well
to reveal relationships as feedbacks”

Spatial and statistical an- Need longitudinal data and
alytical tools useful for historical description to un-
identifying patterns and derstand dynamic processes
processes Need cross-site comparisons to

discover underlying processes
Application Results of interdisciplin- Principal investigators may

ary patch dynamics has
bearing on science and
practice

Ability to identify scale ef-
fects, emergent proper-
ties, nonlinearities, and
dynamic processes

Ability to rigorously iden-
tify links between human
and ecological systems

need to take lead in publi-
cations, bringing in junior
investigators and graduate
students as full collabora-
tive partners

Articles need to be concise,
clear, and precise with lots
of definitions and care given
to visual displays, figures,
and charts

continued
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Variable

Benefits

Recommendations

Publication may be more
difficult and take longer

Value for practice emerges
from its spatial variation

This paradigm can reveal
boundaries of different
social and ecological
units and differences
between them

It allows evaluation and
local targeting of policy

Integrated variables that
decision makers, man-
agers, and citizens are
concerned about

Addresses real-world
problems and identifies
underlying causes, help-
ing to make life better

This type of data has partic-
ular fit to other forms of
publication; Web sites with
hyperlinks to data sets,
topics, and maps

Specific application to policy
and management by devel-
oping useable knowledge

To be useful to decision mak-
ers, the knowledge transfer
needs to have the research
question described in clear
terms, avoiding jargon;
methods presented as steps
toward results; and data
presented with clarity

Data on visual display of
information should be
consulted

Particular caution needed for
how to display maps as the
spatial representation is the
key “bridge” between disci-
plines when using interdis-
ciplinary patch dynamics
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Pixels, Plots, and Parcels

Data Issues and Strategies

The Need for New Empirical Strategies for a Patch
Dynamics Approach to Urban Ecology

he transition to an ecology of cities using a patch dynamics ap-
proach is a conceptual advance in urban ecology.' This concep-
tual advance requires novel empirical strategies to address its
four underlying propositions: (1) analogs to mosaics; (2) spatial,
organizational, and temporal complexity; (3) an integrative pursuit; and (4)
linking science and practice. In this chapter, we use a building metaphor
and the image of a Greek temple facade to describe our empirical strategy.
In the first section we describe some of the critical building blocks: pixels,
plots, and parcels. These building blocks are crucial to our second section,
the data platform, which provides the foundation to our building. The third
section describes the supporting columns that rest on the foundation and
support the roof. These columns are four ways of knowing: long-term mon-
itoring, experiments, comparative analyses, and modeling. Finally, we have
the research themes that make up the roof. These research themes are con-
structed from midrange theories from the biophysical and social sciences.

Building Blocks: Pixels, Plots, and Parcels

Remote sensing pixels and field plots are two of the most familiar and tra-
ditional approaches to collecting ecological data. These two approaches

13
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have been important types of data collection for making the urban-rural
comparisons associated with an ecology in cities. The use of parcels has
emerged as an important unit of analysis for an ecology of cities for both
research and decision making. In this section, we discuss the strengths
and weaknesses of these building blocks in terms of our four proposi-
tions.

PIXELS

Remote sensing is the science of obtaining information about an object
or area through the analysis of data acquired by a device that is not in
direct contact with the object or area.” Sensors can be passive or ac-
tive. Remotely sensed data are made up of pixels, which are the smallest
physical unit in a raster or gridded image. Pixels can be characterized in
terms of their spatial, spectral, radiometric, and temporal resolutions.
Two familiar types of remotely sensed data sensor devices are Landsat
thematic mapper (TM) and light detection and ranging (LiDAR). Land-
sat TM is an example of a passive-sensor multispectral device that can
be used to classify the land cover of an area. LiDAR is an example of
an active-sensor laser device that can be used to measure surface to-
pography and the heights of objects on that surface, such as trees and
buildings.

Remote sensing can be a powerful approach for collecting data
about urban ecological systems for several reasons. First, remotely
sensed data can be used to create a census of an entire urban ecological
system. Remotely sensed data can be used to classify an urban ecological
system into mosaics of different patches. Based on data of interest or on
research questions, there may be many different types of mosaics in an
urban area. If remotely sensed data are collected over time, changes in the
patch mosaic can be measured.

Analogs Versus Mosaics

Urban ecological systems are highly heterogeneous and this heterogene-
ity is manifest at a fine spatial resolution. Until recently, only coarse- and
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Figure 5.1. Comparison of land cover classifications derived from high-resolution
National Agricultural Imagery Program (NAIP) imagery and mid-resolution
Landsat TM imagery of the same area. (a) High-resolution imagery for an area
in New York City; (b) classifies those portions of the area with tree canopy cover,
using the NAIP imagery; (c) classifies the same area using the Landsat TM data
(National Landcover Database). Comparing (b) and (c) shows that Landsat TM
data are insufficient for detecting fine-scale vegetation in the more heterogeneous
parts of the study area. (See also Plate 2.)

midresolution remotely sensed data have been available. For instance,
regional vegetation cover data have typically been derived from midres-
olution Landsat TM satellite imagery, where the resolution is 30 meters
and each pixel is therefore 9oo m*. Although midresolution imagery has
been sufficient for mapping the green analogs that have been the focus
of an ecology in cities, these data are insufficient to accurately discern
phenomena such as vegetation cover among other elements of urban
form across the entire mosaic (figure 5.1 and plate 2).

Patch delineation and characterization. Data produced from high-
resolution remote sensing can be used to delineate and characterize an
urban area as a patch mosaic. There are two basic approaches to this
process of delineation and characterization of patch mosaics. The first
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approach is to use “given geographies” such as preexisting adminis-
trative boundaries, which include county, municipal, and subdivision
boundaries, or U.S. Census boundaries such as tract and block group
boundaries.

An important issue associated with the use of given geography
boundaries is called the modifiable area unit problem (MAUP). The
modifiable area unit problem is a potential source of error associated
with spatial data using aggregated sources.” When the attributes of spa-
tially heterogeneous phenomena such as the distribution of households
are aggregated and treated as homogenous within specified areas, the
summary statistics for those geographies can be influenced more by the
boundaries used than by the underlying spatial patterns of the origi-
nal data. As we noted previously, administrative and census data can be
summarized in a number of different ways and for different purposes.
The fact that there are numerous administrative and census units of ag-
gregation and analysis illustrates that social geographies are modifiable.

The modifiable nature of spatially aggregated social data can cause
analytical problems. Block groups may be similar in size but yield mis-
leading comparisons, depending upon the homogeneity of the social
phenomena that are included. For instance, boundaries might be drawn
to distinguish between three given areas of detached, single-family
homes, with one area containing mostly young couples and small chil-
dren, another area predominantly retired couples, and a third made up
almost entirely of young couples and small children but also including
a recently built, high-density, multistory apartment complex for sen-
ior assisted living. In this example, a comparison of median family age
among these three areas would yield very different results, even though
they may be similar in geographic size and predominant housing type,
because of the large population living in the high-rise for seniors in the
third area.

The MAUP also presents a challenge when researchers attempt
to combine ecological data with given geographies and spatially aggre-
gated social data. For example, the entire area of block group X might
be classified as residential land use, while block group Y might include
both residential land use and a forested park classified as open-space
land use. In a comparison of these two scenarios, the two block groups
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might have similar overall household characteristics, but the relation-
ship between household characteristics and land cover would yield very
different results because block group X contained only residential areas
with high levels of grass cover and low levels of canopy cover, while
block group Y contained a mix of residential and forested land use and, for
the whole area, had much higher levels of canopy cover. If the comparison
between block groups X and Y does not account for the presence of the
forested area in block group Y, then block group Y will incorrectly appear
to have much more canopy cover per household than block group X.

There are several strategies to minimize these two types of the
MAUP. The first is to conduct the analyses based upon the smallest unit
available. This will usually produce relatively more homogenous aggre-
gations. For instance, block groups may be more socially homogeneous
than census tracts. However, this does not necessarily address the prob-
lem of ecological heterogeneity of the given social geographies. In this
case, the use of dasymetric analyses are useful when given social geogra-
phies must be used with ecological data. Dasymetric maps are a type of
map where the boundaries for data analysis are constrained by supple-
mental information. For instance, census block group data can be com-
bined with land cover data by constraining the land cover data to only
the area associated with the residential land use within the census block
group. In this case, the residential land use data are the supplemental
information. If parcel-level land use data are available, the resolution of
the dasymetric analysis can be improved even further.*

An alternative to the use of given geographies is a second approach
in which the urban patch mosaic is delineated and characterized by
using the original, unaggregated data and their associated geographies.
For instance, spatial clustering techniques can be applied to land cover
data or household data and their associated parcels to create “derived
geographies” of homogeneous areas.” However, the creation of derived
geographies may not always be possible because such analysis may be
too computationally intensive or household data may be unavailable
due to privacy issues. Also, derived geographies may not always be de-
sirable because they are not meaningful or useful for decision making.
In these cases, given geographies will need to be used and the strategies
described above may be employed to minimize the MAUP.
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Mosaic Complexity and Pixels

Remote sensing data are often a complete census of the landscape.
Thus, remote sensing data are effective for delineating and classifying
an urban area into a set of patches. The first three components of spatial
complexity can be quantified with these data: patch richness, frequency,
and configuration. When the delineation and classification is repeated,
both patch change and change in the mosaic over time can be measured.

Remotely sensed data can be aggregated to different levels of so-
cial or ecological organization. Process variables can be quantified to
measure within-patch dynamics, such as the normalized-difference-
vegetation-index (NDVI) to quantify vegetation productivity. In most
cases, however, remote sensing data are not effective for directly meas-
uring the range of organizational complexity components, from within
unit processes to the functional interactions for the patch mosaic within
and between levels. However, cross-unit interactions within and among
levels may be hypothesized and the processes inferred indirectly based
upon changes in the patch mosaic over time. For instance, between
two time periods (T, and T)), patch type A may change to patch type B
(A->B); or when A is a member of a higher-level patch 1, patch type A
may change to patch type B (A->B), but when A is a member of higher-
level patch 2, patch type A may change to patch type C (A>C). Remote
sensing can be used to indirectly test these hypotheses.

Remote sensing data cannot be used to directly measure tempo-
ral complexity. Similar to the case for organizational complexity, time-
series data are needed and temporal complexity can only be inferred by
predictions and quantification of changes in patch patterns over time.

Integration and Pixels

Remotely sensed data are useful for social, ecological, and interdiscipli-
nary patch analyses. As discussed in chapter 3, remotely sensed data can
be used to delineate and classify both structural elements of urban areas
such as land use, land cover, and new classifications such as HERCU-
LES, and process phenomenon such as land use change or vegetation
productivity.
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Figure 5.2. BES field-sampling types and locations in the Gwynns Falls water-
shed. BES plots for long-term vegetation sampling, stream-sampling sites, and
meteorological stations (MET) are distributed along a gradient from urban to
suburban to rural. Field-sampling sites are also located in Baisman’s Run, a
native reference site northeast of the Gwynns Falls watershed.

PLOTS AND OTHER TYPES OF DIRECT MEASUREMENTS

An ecology in cities approach often uses plot-based methods developed
in nonurban areas and applies them to their urban counterparts. For
instance, study plots have been implemented in urban parks as analogs
of rural forests and in vacant lots as analogs of post-agricultural fields
or prairies. Similarly, hydrologic gauging stations have been established
in urban streams in the same way they are used in wild and rural areas
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(figure 5.2). Although the main focus of these comparisons has been to
study and monitor differences in population and community dynam-
ics and ecosystem processes, these comparisons have also demonstrated
that the methods and measurements developed for nonurban areas can
be applied to urban ones. Examples of typical measurements include veg-
etation abundance, density, and species composition; vegetation growth
rates and condition; leaf litter decomposition rates; and soil and hydro-
logic biogeochemical properties and processes. These nonurban sites are
not only a source of methods, they can also serve as “native reference sites”
for understanding the long-term changes in the urban patch mosaic.

In addition to plot-based methods, there are other types of direct
field-based measurements from the biophysical and social sciences. In
community ecology, there is a variety of observational and collection sur-
veys for sampling plants, mammals, fish, and birds. Likewise, in the social
sciences there are observational and interview survey approaches. The
main point is that there are diverse and well-developed approaches from
the biophysical and social sciences to directly measure biophysical and
social structures, processes, behaviors, attitudes, preferences, and so on.

Analogs Versus Mosaics

The transition from an ecology in cities to an ecology of cities requires
a shift from comparisons between urban-rural analogs to comparisons
among different types of patches within an urban patch mosaic. When
we make this shift, we confront several issues, including sampling strate-
gies; sample size; the so-called ecological and atomistic fallacies; linking
databases using spatial hooks; and costs, permissions, and privacy.
Sampling strategies: gradients and categories. The first issue is asso-
ciated with developing a field-based sampling plan for the entire urban
patch mosaic. Several sampling strategies have emerged: (1) gradients; (2)
random, spatially independent grids; and (3) stratified, random sampling.
Sampling strategies to collect field data may use gradients of difference
along an ecological, social, or combination of variables to determine
where to locate field plots. Some examples of gradients include topogra-
phy, distance from urban core, population density, socioeconomic status,
or ethnicity. These gradients may be direct and measurable along linear
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Figure 5.3. Central Arizona—Phoenix LTER field-sampling plan. Field-sampling
plots are located based on a grid matrix to distribute plots randomly and spa-
tially independently (n = ~200).

transects or they may be indirect, and therefore not quantifiable using a
literal transect approach. Field-based data can be distributed randomly
and spatially independently as points using a grid matrix (figure 5.3). Fi-
nally, plots can be randomly distributed based upon an a priori stratifica-
tion of specific patch categories, such as soil type, land use (figure 5.4 and
plate 3), or lifestyle group (figure 5.5 and plate 4).

A special case of a field-sampling strategy is when data are collected
to measure anticipated changes in the patch mosaic (BACI: before-after-
control-impact). This involves sampling before, during, and after a change
in a patch or sets of patches. Examples of predicted change include climate
change, economic recovery, and demographic shifts. Cases of planned
change include new environmental regulations, stormwater projects,
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® UFORE Plots
ﬂ County Boundaries

Figure 5.4. Distribution of Baltimore urban forest effects model (UFORE) vege-
tation field plots. UFORE plots are stratified and randomly distributed based on
twelve land use categories (n = 400; 200 Baltimore City, 200 Baltimore County).
(See also Plate 3.)

and community redevelopment projects (figure 5.6). In these cases, it is
important to collect identical data from reference sites—similar unaf-
fected areas—so that comparisons can be made to determine whether
changes associated with the BACI were unique to that patch or observed
in similar patches in the rest of the mosaic.

Number of samples needed. A second issue is the adequacy of the
number and distribution of plots necessary to sample across the urban
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Figure 5.5. Distribution of BES household telephone surveys. The BES house-
hold telephone survey is stratified and randomly distributed based on a classi-
fication including sixty-six lifestyle groups (n = 3,000). (See also Plate 4.)

mosaic. The use of field-based strategies depends upon collecting data
from a sufficient number of plots or field observations in order to achieve
the statistical degrees of freedom required for the number of variables or
categories included in the statistical model. This issue has been less prob-
lematic in the past because researchers have used relatively coarse indices
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Figure 5.6. Example of planned change: stormwater structures built by Balti-
more County Department of Environmental Protection and Sustainability in
the Gwynns Falls watershed.
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such as population density, socioeconomic status, ethnicity, impervious
surface, or vegetation cover as the basis for their sampling design.

When we shift to an ecology of cities, the number of required ob-
servations might be quite large. For instance, the combination of social
and ecological data may result in a large number of patch categories.® In
this case, a substantial number of field observations may be necessary
or the number of categories may have to be strategically limited. The
number of field observations can also increase quickly if it is necessary to
account for confounding land use histories and contexts associated with
each plot or field observation. For example, there are seven land use cate-
gories in figure 5.3, twelve categories in figure 5.4, and sixty-six categories
in figure 5.5. In the Baltimore Ecosystem Study, we have conducted a peri-
odic telephone survey of sixty-six lifestyle market categories over the past
fifteen years. Approximately three thousand completed telephone surveys
are necessary per time period for the Baltimore metropolitan region in
order for us to make comparisons among different lifestyle patches.

Ecological and atomistic fallacies: levels of organization, aggregated
data, and inferences. The so-called ecological fallacy and the atomistic
fallacy refer to inferences made from one level of aggregation to an-
other, particularly when those levels are based upon area. In sociology,
the smallest unit of analysis is the individual; this increases to higher
levels of organization such as groups, communities, regions, and socie-
ties. Neighborhoods are an example of a spatially based social aggregate.
Ecological fallacies may occur when two variables are observed at one
level and assumed to have a relationship at a lower level. For instance,
we might observe relatively high levels of income and high rates of su-
icide in certain neighborhoods. We would be wrong to assume, using
these data, that high-income individuals are more likely to commit su-
icide. Atomistic fallacies are the reverse, when two variables at one level
are inferred to be related at a higher level. The atomistic fallacy is also
sometimes called the individualistic fallacy.

Linking databases using spatial hooks. Field-based data require spa-
tial hooks in order to link databases together. There are two ways to
create these hooks: spatial coordinates such as latitude-longitude, and
unique property addresses. Spatial coordinates are necessary when a
specific location is important for repeated measurements, colocating
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different types of data collection, or linking to remotely sensed data.
Addresses are often necessary to connect with a variety of administra-
tive data, particularly social data collected by other organizations. In the
case of telephone surveys, for instance, the telephone list for a survey
can be acquired to include both latitude-longitude and address, while
field observations and interviews can be recorded with both an address
and GPS location when surveys are conducted. All of these data can
be linked to and leverage census geographies. These geographies in-
clude demographic and socioeconomic data from the census and can be
joined with other sources of data, such as different types of commercial
marketing data. For example, marketing data about household expendi-
tures on lawn care supplies and services can be used as proxy estimates
of residential land management practices.

Cost, permissions, privacy. The use of plots is constrained by several
practical issues. First, there are the costs of data collection, and when
laboratory analyses are required, processing and analyses of samples can
be cost prohibitive. Additionally, data quality assurance can be costly.
Second, physical access to both public and nonpublic properties for
field sampling can be difficult to obtain, requiring permission of land-
owners, tenants, or managers. When ownership or tenancy changes or
landowners change their minds, access to field sites can be lost and cause
inconsistencies in long-term data sets. Finally, the privacy of individuals
and households might need to be protected. To keep data anonymous,
well-developed methods exist for accessing, sharing, and aggregating
data containing personal identifying information (PII).

Mosaic Complexity and Plots

Field-based data collection is typically not effective for describing the
spatial complexity of patch mosaics because it is not a census, 100
percent sample, of an area. It is conceivable that field data could be col-
lected on a sufficiently dense spatial pattern that spatial patterns could
be extrapolated. Examples can be found in belowground mapping for
contaminated groundwater, for instance, but these approaches are not
frequently used on a widespread basis in urban ecology.
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Field observations are effective strategies for directly measuring
processes associated with the full range of organizational complexity,
from within patch processes to boundary interactions, and functional
interactions for a patch mosaic within and between scales.

Time-series, field-based data are also effective for directly measur-
ing each type of temporal complexity. These data can be used to meas-
ure direct and indirect contemporary relationships between phenom-
enon. Field data can also be used to purposefully sample and measure
slow and fast rates of change, thresholds, and legacy effects.

Integration and Plots

Numerous methods exist in the social and biophysical sciences for col-
lecting field-based data. Social and biophysical data collections can be
co-located (figure 5.7 and plate 5), facilitating the integration of data
from diverse disciplines.

PARCELS, A CRITICAL UNIT OF ANALYSIS

Parcels are the basic unit of urban land ownership. Although land can
be owned by all types of public, private, and community actors, the
fact remains that all land and water is delineated into parcel bounda-
ries and has an assigned ownership. Neither ownership nor bounda-
ries are immutable and can change over time. The empirical ability to
digitally examine and integrate social and ecological characteristics for
both the parcel unit and across a regional extent is relatively new. The
widespread adoption of geographic information systems (GIS) by fed-
eral, state, and local governments has greatly increased the availability
of high-resolution geospatial data. Cadastral data are particularly valu-
able. These include information such as the boundaries and ownership
of land parcels and the location of infrastructure such as streets, storm
drains, and retention ponds. Cadastral information that has been main-
tained by local governments in hardcopy format is increasingly available
digitally. Parcel data can include attributes such as building type, age,
and other building characteristics such as the number of bedrooms and
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Figure 5.7. Linking pixels, plots, and parcels. Pixels (land cover) and plots (tele-

phone, ethnographic, and vegetation surveys, and soil plots) can be co-located
at the parcel scale. (See also Plate 5.)

bathrooms, condition, the transacted value in the most recent sale of the
property, owner, land use, and zoning.” Cadastral data can be combined
with high-resolution land cover data to distinguish vegetation extent,
structure, and productivity between private property and public rights-
of-way, including along streets.
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Analogs Versus Mosaics

Parcel data are effective data for characterizing the entire patch mosaic
because they are a complete census of an entire urban area and all own-
ership types. Since most of the land in urban areas is not the “urban-
rural” analogs of an ecology in cities, the use of parcels is critical for the
shift to an ecology of cities.

Mosaic Complexity and Parcels

Parcel data, on their own, are similar to remotely sensed data in terms of
their ability to address different types of mosaic complexity. Parcels are
effective for quantifying spatial complexity and limited in their utility to
measure organizational and temporal complexity. Parcels have spatial lo-
cation and spatial dimensions: perimeter, area, slope, height, shape, adja-
cency, and orientation (front/back). Parcels can be employed to minimize
the risk of the modifiable area unit problem because they can be used to
derive geographies or can be aggregated, using dasymetric techniques, with
given units of analysis such as neighborhoods, watersheds, and munici-
palities.® Unlike pixels, however, parcels are also a fundamental patch unit
and level of organization. Subparcel analysis is also possible, for example,
to investigate differences between biophysical and social features of front
and backyards in residential areas.” Parcels and their owners have social
and ecological histories, and their geographies and attributes can be docu-
mented and described over time through a variety of sources (figure 5.8).'

Integration and Parcels

Parcels are a basic unit of decision making. Since parcels have two
spatial hooks, latitude-longitude and address, they can be linked to
remotely sensed and field-based data by geographic location and to a
variety of administrative and commercial data by address (figure 5.7).
These spatial hooks and diverse data sources permit parcels to be
characterized with a variety of social and ecological phenomena such
as household and firm locational choices; consumption behaviors;
and land management practices associated with land cover, vegeta-
tion productivity, and biodiversity. These data can be further combined
with a variety of archival data that are address based, including real estate



130 DATA ISSUES AND STRATEGIES

Figure 5.8. Changes in parcel boundaries over time in Baltimore. The first column

shows conditions in 2005, combining a remotely sensed image and parcel bound-
aries. The middle column shows parcel and stream boundaries in 1915. The third
column shows the overlay of the two time periods. The top row shows significant
change over time, with the construction of a highway and displacement of a stream,
while the lower row shows little change in a downtown neighborhood of Baltimore.

transactions, business directories, legal and health records, biographies
and diaries, photographs, and neighborhood association minutes." This
emphasis on historical data suggests the importance of partnerships with
urban historians and organizations that are responsible for the curation of
historical data such as state and municipal archives and historical societies.

Data and Links to Decision Making

Data sources to characterize urban social-ecological systems are not
limited to those produced by scientists. Indeed, recent growth in the de-
veloping fields of “Big Data” and “Smart Cities” highlights the opportu-
nity to combine the exploding growth of different types and sources of
data to produce new understandings, policies, plans, and management.
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At a local scale, there is a growing trend among city governments
to develop GIS-based systems that monitor a wide range of indicators in
nearly real time. For instance, a number of U.S. cities have developed pro-
grams that provide accurate and timely intelligence that can be used to
develop effective strategies and tactics, rapidly deploy resources, and fa-
cilitate monitoring and assessments. A pioneering example is the CitiStat
program developed by the City of Baltimore (www.baltimorecity.gov/
news/citistat/). Cities have begun to use their CitiStat approach in com-
bination with their 311 telephone portals. The 311 system functions in
three ways: citizens reporting problems to the city, citizens requesting
information about city services, and as a mutual learning system that
builds upon the first two functions. The novel idea behind the 311 ser-
vice is that this information exchange is genuinely two-way. In a sense,
the city’s 311 system functions as an immense distributed extension of
the city’s perceptual systems, harnessing millions of local “eyes on the
street” to detect emerging problems or report unmet needs.'?

The development and use of 311 systems suggests two essential
principles for how cities can increase their ability to learn about them-
selves. First, technologies like 311 amplify the voices of local amateurs
and “unofficial” experts and, in doing so, they make it easier for “offi-
cial” authorities to learn from them. The second principle is the need
for cross-disciplinary flows of ideas that can challenge the disciplinary
stovepipes of knowledge, data, interests, and advocacy associated with
many government agencies, NGOs, and the training of professionals.
This second principle is increasingly realized by the diversity and in-
terdisciplinary nature of sensing and interpretation facilitated by the
Web, the combination of social networks and locational data, and new
forms of amateur cartography built upon services like Google Earth and
Yahoo! Maps. Local perceptions, behaviors, and knowledge that had so
often remained merely in the minds of neighborhood residents can now
be translated into digital maps and shared with the rest of the world.
These new tools have begun an immense change in the exchange and in-
terpretation of data because data no longer need to be created by distant
professionals. These data can be used to map blocks that are not safe
after dark, playgrounds that need to be renovated, community gardens
with available plots, or local restaurants that allow dogs. Locals can map
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location of trees, leaking sewers, and stream bank erosion. These tools
enable residents to map their history as well—where things were or what
things were like—creating and sharing long-term local knowledge."

The scale of these observations can extend from a neighborhood to
the entire planet as these local data and knowledges become networked.
Formal examples of these types of systems include public health officials,
who increasingly have global networks of health providers and government
officials reporting outbreaks to centralized databases, where they are auto-
matically mapped and published online. A service called GeoSentinel tracks
infectious diseases among global travelers and the popular ProMED-mail
e-mail list provides daily updates on all known disease outbreaks around
the world." Although these types of systems are intended to be early-warn-
ing systems on specific topics, they are likely to become interdisciplinary as
the interdependence of challenges and solutions is recognized, facilitating
comparisons and learning among scientists and decision makers.

The huge volume, diversity, and novelty associated with these ex-
amples can create a hypnosis of the daily now. Because of this, the need
to understand the dynamics of change can be forgotten. Public agencies,
nonprofits, businesses, and community groups often do not perceive
their data to be part of a long-term data set, nor do they have the re-
sources to archive their data. It is also not guaranteed that some of these
organizations will persist over the long term. Thus, there is a need to ac-
quire, document, and archive the ephemeral daily now of these diverse
streams of data so that we can understand the medium- and long-term
change in urban ecological systems. This is a challenge that has not yet
been solved for urban ecological research and decision making.

From Pixels, Plots, and Parcels to the Empirical
Foundation for a Patch Dynamics Approach:
An Extensive-Intensive Data Framework

In Baltimore we have developed a parcel-relevant approach that com-
bines both plot-based and pixel-based data in an extensive-intensive
sampling framework (figure 5.9). Pixels are a type of extensive data,
plots are a type of intensive data, and parcels are a level of analysis. This
framework fulfills key requirements of our patch dynamics approach.
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This framework can (1) be applied to the entire mosaic; (2) quantify the
full range of spatial, organizational, and temporal complexity; (3) include
social and biophysical data; and (4) incorporate diverse sources of data,
particularly decision makers’ data and their units of decision making.

We define “extensive sampling” to be sampling where the subject
matter or geographical coverage is diffuse or widespread and sampling
is typically designed to monitor change over large areas. In contrast,
“intensive sampling” typically implies: (1) sampling in a particular area
with a dense array of sampling points, (2) sampling where information
on a restricted range of topics is sought by probing them deeply with
an intricate schedule of questions, or (3) sampling involving mixed-
method approaches that combine quantitative and qualitative data. Ad-
ministrative and commercial data are examples of data that may be both
extensive and intensive. For instance, property, health, energy and water
use, and product consumption data are direct measures and detailed
characterizations of all households within an urban patch mosaic.

This framework can be used in a number of ways. An extensive-
intensive sampling framework provides the ability to link pattern
and process, create scaled data frameworks, and address the full range
of spatial, organizational, and temporal complexity (figures 5.9 and 5.10).
In general, extensive sampling may be more useful for measuring pattern
and inferring process, while intensive sampling may be more appropri-
ate over time for the direct measurement and quantification of process
and mechanism, particularly the motivations of social actors. A joint
extensive-intensive data framework provides complementary sampling
opportunities. Extensive sampling provides a basis for developing strat-
egies for more intensive sampling, including the formulation of stratified
sampling plans across space and time. Intensive sampling can be used to
validate extensive data because the same phenomenon can be measured
both extensively and intensively. For instance, vegetation productivity can
be measured using both remote sensing and field-based measurements.
Intensive sampling can be used to generate more detailed, process-based
and mechanistic models. Subsequently, extensive sampling provides the
basis for generalizing process-based models across space and time.

Our research in Baltimore on long-term trends in environmental
justice illustrates how extensive and intensive data can be combined to
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Figure 5.10 Example of non-census data organized by scale and time for the city

of Baltimore from 1800 to 2000.
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examine patterns and processes that structure the urban patch mosaic
over the long term. In 2010, the law journal Environmental Law pub-
lished the article “Cities as Emergent Systems: Race as a Rule in Organ-
ized Complexity” by Charles Lord and Keaton Norquist.'> What Lord and
Norquist set out to understand and report in their article was a central
question that has long troubled the environmental justice community:
which comes first, the environmental disamenities or the community?
In other words, do environmental hazards exist and then disadvantaged
communities move nearby because of the lower housing costs? Or are
environmental hazards placed near communities that lack the political
power to prevent the locating of the environmental hazards?

Lord and Norquist assembled a database of long-term extensive
and intensive data to conclusively answer these questions. For their re-
search in Baltimore, extensive data included census data at the tract level
from 1940 to 2000. These data were used to characterize neighborhoods
by race and income. Lord and Norquist reviewed Baltimore’s nuisance
and zoning laws from the mid-1910s to the present. Intensive data in-
cluded individual zoning variance applications. Lord and Norquist iden-
tified every application for a zoning variance since zoning was established
in the 1930s. Each application was coded for whether the variance was
associated with an environmental hazard or not. For variance applica-
tions associated with an environmental hazard (n = ~1,000), the court
case decision and testimony were examined to determine whether the
variance was approved or declined and to scrutinize the detailed legal
reasoning behind the decision. Also, the parcel address associated with
every application was mapped and coded as either approved or declined.

Lord and Norquist were able to definitively establish that there was
a racial bias in zoning decisions, but that racial bias decreased over time
(figure 5.11), coinciding with the period over which the city became pre-
dominantly African American and reforms were instituted to the zoning
variance approval process.

Lord and Norquist were also able to establish that the actions of
the Federal government’s Home Owners’ Loan Corporation (HOLC)
created a legacy of disinvestment and decline in specific neighborhoods
in the city. Those areas that were redlined in the 1930s were and remain
predominantly African American communities (figure 5.12 and plate
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Figure 5.11. Correlation between race and distance to disamenities in the city of
Baltimore from 1940 to 2000.

6). Documents that accompanied these maps, produced by the HOLC,
reveal that in addition to housing age and condition, other factors such
as household race, immigration status, and occupation were important
in determining the level of “risk” for lending in these communities. Ad-
ditional historical research on restrictive covenants and minutes from
neighborhood improvement associations show that racial discrimination
continued long after the HOLC maps were produced.

Four Supports for Knowing: Monitoring, Comparisons,
Experiments, and Modeling

Research in Baltimore is organized around the idea that long-term social-
ecological research can be viewed as a table with four legs: (1) long-term
monitoring, (2) comparative analyses, (3) experiments, and (4) modeling.
This strategy is modified from an analysis by Carpenter (figure 5.13).*° The
table metaphor suggests that the largest goal of the scientific enterprise is
understanding or theory, represented by the table top. For complete under-
standing of a topic, such as urban ecological systems in the long term, all
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four activities are important. To the extent that one or more of the activities
are absent or poorly developed, understanding will be incomplete.

Long-term monitoring. In BES, long-term monitoring includes
a variety of social and biophysical data that are organized within our
scalable data framework, including both extensive and intensive data.
Long-term monitoring is intended to continue for decades into the fu-
ture. Consistency of method, overlapping of methods when it is neces-
sary to change instruments or approaches, regularity of sampling, and
continual quality assurance and quality control are features of success-
ful long-term monitoring.”” The collection of long-term data includes
those from historical sources, such as archives and published records.
Paleoecological approaches also extend long-term data into the past.

Comparative analyses. Comparative analyses occur between social
and ecological geographies, political and management units, and peri-
ods of time within the BES research area. Comparative analyses can also
be made with other urban research projects.

Experiments. Traditional manipulative experiments are difficult
to carry out in urban watersheds due to concerns about environmental
justice and regulatory constraints on human subjects research.’* How-
ever, spatial variation in the nature and extent of land cover, that is, the
urban-rural gradient, provides numerous opportunities for experimental
variation of factors controlling biophysical and social parameters. In addi-

Figure 5.12. Home Owners’ Loan Corporation map for Baltimore city, 1937. The
inset description reads: “Security Grading: Declining. Location: The portion of
the Ward lying south of Druid Hill Park bounded on the East by Mt. Royal Terrace;
South, North Avenue; West, Reistertown Road. Description: An old residential
section seriously threatened with negro encroachments. A small section along
Reistertown Road consists of fairly modern two story brick rows. Mixed—some
negroes, some owners of long standing still occupying old residences—converted
apartments containing white collar class-skilled mechanics, etc., Population 1930
(whole ward) 38,596, 10.5% negro, 8.7% foreign born. Population increase since
1920 (whole ward) 14.7%. Favorable Features: Druid Hill Park and good trans-
portation. Detrimental Features: Obsolescence and negro encroachment.” (See
also Plate 6.)
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LTSER Science

Models
Integration
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Temporal Context and Trends

Comparative Analyses
Spatial Context and Patterns

Experiments
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Figure 5.13. Long-term social-ecological research (LTSER) platforms are similar
to a table with four legs, each of which is essential to the integrity of the whole.
The four legs are long-term monitoring, comparative analyses, experimentation,

and modeling.

tion, planned changes such as efforts to improve sanitary sewer infrastruc-
ture, stream restoration projects, implementation of Baltimore’s urban tree
canopy goal, and conversion of abandoned lots to community managed
open space are all examples of potential experimental opportunities. The
planned changes can be treated as “natural” experiments or BACI studies.
These management efforts provide strong opportunities for integration of
biophysical and social sciences and for education and outreach.

Modeling. A long-term goal of social and biogeophysical modeling
activities in BES is to establish an “end-to-end system” of models and ob-
servational instruments to gather and synthesize information on social
and biogeophysical components of the human ecosystem represented
in the human ecosystem framework. This synthesis includes a number
of interacting components: (1) individual and institutional behaviors,
(2) the urban landscape and infrastructure, (3) ecosystem services and
other push/pull factors, and (4) climate. The combination of these com-
ponents is used to understand flux and storage of water, carbon, nutri-
ents, and latent heat in terrestrial and aquatic systems. We use a suite
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of biogeophysical models to simulate water, carbon, and nitrogen cycle
processes and a set of econometric and structural models to simulate
locational choices and patterns of land development and change at mul-
tiple levels of organization across the region. Coupling of these models
is intended to provide predictive understanding of the feedbacks among
environmental quality, ecosystem services, locational choice, and land
development and redevelopment. Working with decision makers, we
employ specific policy scenarios aimed at enhancing sustainability in
the Baltimore region related to water quality and carbon sequestration
to motivate its coupled modeling and synthesis activities. These models
can be used with decision makers to test future scenarios based upon
current conditions, future trends, and possible policy interventions.

Improving the structural integrity of the table. Although these are not
shown in figure 5.13, it is useful to imagine that there are side and cross-
member supports that improve the structural integrity of the table. The rea-
son for imagining these structural connections is that the connections among
long-term monitoring, experiments, comparative analyses, and modeling
can be used to strategically enhance the overall effectiveness of urban ecolog-
ical research and decision making. For instance, long-term monitoring data
may provide baseline and reference data for experiments. The findings from
experiments may indicate the need for new types of long-term data. Com-
parative analyses require long-term monitoring and suggest how the patch
mosaics perform under different social and ecological conditions. Modeling
activities are crucial for formalizing our existing knowledge of how a patch
mosaic functions under different conditions as well as identifying gaps in
our observational systems and current theory. For example, models might
be used to identify new input data needs, which require changes to long-
term monitoring, or for new process parameters, which require experiments
to better understand the relationships among components of the system.

Putting It All Together: Data Framework, Supports for
Knowing, Midrange Theories

The visual representation of our data strategies, fully assembled, is the fa-
cade of a classical Greek temple composed of three primary elements (figure
5.14). The first element is the foundation of the temple, or our multilevel
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Figure 5.14. The LTSER data temple, with specific BES research themes included.

data framework, which provides the base for all our activities in Baltimore.
This base is made up of pixels, parcels, and plots, which are organized using
our extensive-intensive approach (figures 5.9 and 5.10). The second element
of our temple is the four columns, or research types (figure 5.13), which we
originally introduced with Carpenter’s table. These research types are sup-
ported by the data framework and, in turn, support the roof of the temple,
representing research themes. Each research type uses our patch dynamics
approach and pursues different types and levels of complexity appropriate to
the research theme. Also, each of these supports can be connected with each
other in order to strategically enhance the overall effectiveness of the urban
ecological research program. In figure 5.14, the roof of the temple is made up
of our current BES research themes. Each theme is (1) developed from mid-
range theory, (2) can be detailed using the human ecosystem framework,
and (3) is located in Pasteur’s quadrant of use-inspired basic research.

Conclusion

This chapter has described recent advances and future directions in em-
pirical strategies for an ecology of cities and patch dynamics approach.
These empirical strategies are relevant to both researchers and decision
makers. From a research perspective, scientists need to consider the em-
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pirical changes required in the transition from an ecology in to an ecol-
ogy of cities. In the case of both research and decision making, there will
be increasing needs for analytical capacities: data, computation, tools,
and expertise. From a practical perspective, cities increasingly need the
ability to assess, monitor, and evaluate their ability to achieve bench-
marks set by their sustainability and resiliency goals."

The ability of cities to achieve their goals will depend upon their
capacity for conducting assessments, generating scenarios, and inform-
ing decision making. These tasks require that cities establish informa-
tion-gathering, analysis, management, and communication capacities—
that is, informatics. It is also crucial that such sustainability-based infor-
matics platforms be transparent, contribute to developing trust among
decision makers, stakeholders, and constituents, and build support for
action. Sustainability-based informatics will require physical, biologi-
cal, and social data at relevant temporal, spatial, and decision-making
scales, the computational capacity to store, document, and analyze these
data, the statistical tools for such analysis, and the contributions of data
and analysis from diverse sources. Much of this increased capacity will
occur through partnerships among practitioners and researchers, and
subsequent training of students. At a local scale, there is a growing trend
among governments and NGOs at local and state levels to develop GIS-
based systems that monitor a wide range of indicators in nearly real time.
It is important not to treat GIS as an end in itself but rather as a tool for
informatics in service of conceptual and practical research questions. It is
likely that improved informatics for sustainability will require more fre-
quent interactions and even collaborations among practitioners and re-
searchers, simultaneously improving our knowledge about the ecology
of cities and enhancing the tools and capacities to manage urban eco-
logical systems. Ultimately, these partnerships are likely to become em-
bedded in recently established offices of sustainability in government,
universities, and businesses as they attempt to address interdependent
problems with interdependent solutions.
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Cholera in London and Urban Tree
Canopy in Baltimore
Linking Science and Decision Making

Through Patch Dynamics

patch dynamics approach is useful for decision making in

urban systems in several important ways. Many of the issues

that decision makers address include the entire urban mo-

saic or areas that are influenced by the patch mosaic context.

Issues are often complex and involve social and biophysical drivers and

outcomes. Extensive and intensive data are needed as well as different
ways of knowing.

In this chapter, we present two examples to illustrate the utility of

a patch dynamics approach for decision making: London’s cholera epi-

demic of 1854 and Baltimore’s urban tree canopy goal and sustainability

plan. We have also chosen these two examples because they exemplify

two important inflexion points in how we conceive of cities: the San-

itary City that emerged in the late 1800s and the Sustainable City idea

that emerged in the late 1900s. The cholera epidemic of 1854 in the Soho

district of London was an important event that led to advances in public

investments, public administration, and science, which were important

to the emergence of the Sanitary City. Baltimore’s urban tree canopy

144



LINKING SCIENCE AND DECISION MAKING 145

goal and sustainability plan is representative of the changes necessary
for the Sustainable City: managing the entire urban mosaic, polycentric
forms of governance, and interdisciplinary science. In order to clearly
connect our examples to a patch dynamics approach, each illustration
is described in terms of the story, the ways of knowing, the data frame-
work used, and the advances in practice and science.

The Advent of the Sanitary City:
London’s Cholera Epidemic

The story of London’s cholera epidemic of 1854 and the Broad Street
pump has become relatively well known outside of epidemiology be-
cause of Edward Tufte’s use of it and John Snow’s map in Visual Expla-
nations and Steven Johnson’s engrossing account in The Ghost Map.*
The following illustration is based primarily on Johnson’s narrative.

There are many facets to the story that unfolded between Sep-
tember 1 and September 8, 1854, in the Golden Square neighborhood of
Soho. The story’s most essential elements are the neighborhood’s living
conditions, the rise of cholera, a race to stop the epidemic, the removal
of a pump handle, and a historic turning point in science and practice
that transformed urban living.

Nearly seven hundred people would die before the epidemic was
over. Most of those who perished lived on or near Broad Street. It was
not the first outbreak of cholera in a city, or even the first in London.
Yet the responses to the epidemic led to changes in the public admin-
istration of water supply and sanitation, changes in public health data,
and advances in scientific fields of study, theories, and data analysis. The
responses also led to a triumph over prejudice.

In 1854, London contained 2.5 million people within a thirty-mile
area. In its most dense areas, London had a population of 432 people per
acre. In comparison, present-day Manhattan has a population density
of about 100 people per acre. In 1854, Londoners depended upon water
supplies from either private companies or community wells. Many of
the government roles that we now associate with the contemporary city
did not exist then: safe water supply, sanitary disposal of human waste
and refuse, and public health regulations. The Broad Street pump in the
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Golden Square neighborhood was well known as a source of cool and
clean water.

The epidemic started slowly on Monday, August 28, and did not
begin to subside until September 8. The epidemic was dramatic because
of its intensity and impact. Most victims died within twelve hours; some
lasted only two. By Saturday, September 2, full carts carried the dead
down the street. As many as one hundred people died in a single day.

There were two primary theories in 1854 for explaining cholera
outbreaks: miasma and contagion. Miasma theory was based on the idea
that diseases were transmitted by poisoned air from unsanitary places.
The alternative theory, the concept of contagion, was that diseases were
transferred from one person to another, but few thought cholera was
transmitted by water. The miasmists’ theory was reinforced by prejudice
against cities and the poor. Many miasmists were revolted by the foul air
of inner-city areas. The miasmists also believed that moral rectitude was
a predictor of whether persons fell ill. Thus the poor, associated with
uncleanliness and drunkenness, were more susceptible because of their
supposed moral failings. The morality component of the miasmists’
theory had the useful benefit of explaining inconvenient evidence that
might cast doubt on their theory. For example, if the disease killed some
members of a household but others survived, then the explanation was
that those who died were somehow less morally upright. Not only were
the victims dead, they were also slandered with innuendo to explain and
justify their demise.

The two main protagonists of our story are John Snow and Henry
Whitehead. Snow, forty-two, was a surgeon and apothecary who was
consumed with the practice of medicine and the intellectual challenge
of science. Snow lived ten blocks from Broad Street. He subscribed to the
contagion theory based on his observations of how the disease attacked
the human body. If the miasmists were right and the disease was asso-
ciated with foul air, then cholera should affect the human respiratory
system. But this was not the case. Snow observed that cholera affected
the human digestive system, specifically the small intestine. Snow be-
lieved, therefore, that cholera was associated with what people ingested,
not what they inhaled. To understand cholera and the epidemic, Snow
believed that there must be some predictive patterns in what the cholera
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victims ate or drank. To test his theory, Snow wanted to observe that
pattern at the city scale.

Henry Whitehead, twenty-eight, lived one block from Broad Street.
He was an assistant curate at St. Luke’s Church and passionate in his
ministry. Whitehead did not have his own theory of cholera, but he did
have his own local observations. He had been visiting members of his
congregation in Golden Square and adjacent neighborhoods. What he
heard were variations of the miasmist theory. The poor were dying in
Golden Square because of their moral failings or constitutional weak-
nesses. But Whitehead knew his parishioners in Golden Square. They
were dying, but they were no more immoral or weak than the residents
in nearby neighborhoods.

Snow and Whitehead would eventually join forces, contributing
materials to a report on the epidemic on behalf of the St. James Vestry.
Before any report could be written, however, the mystery of the epi-
demic had to be solved. Snow thought the source of the sickness came
from water, not from bad air. Neither Snow nor Whitehead believed that
these people were dying because of their moral condition. This affected
the explanations they sought.

LONG-TERM MONITORING

Several data sets were essential for Snow to move beyond his street-
level, direct observations and enable him to observe patterns at the city
scale. These data included maps of drinking water sources in the city,
including the Broad Street pump and others nearby. He also had the
city’s maps of drainage patterns. Crucial to his investigation, Snow had
the Weekly Returns of Birth and Deaths from London’s registrar general,
William Farr.

Farr’s Weekly Returns of Birth and Deaths was one of the first ex-
amples of observational systems for surveying broad patterns of disease
in a city. The report was based on information conveyed to Farr by local
physicians and surgeons. Farr asked these sources to record deaths and
report the cause of death when possible. These reports recorded not
only deaths and disease but also the deceased’s age, sex, occupation, and
parish district.
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Farr subscribed to the miasmist theory of cholera and believed
that elevation was the best environmental predictor of the disease. After
an earlier cholera outbreak in London, in 1849, he began summarizing
cholera deaths by elevation. Farr’s results showed that the higher eleva-
tions were the healthier places to be. But Farr, aware of Snow’s water-
borne contagion theory of cholera, had added a new variable: sources of
drinking water. This openness to alternative explanations and the data
that might evaluate them was a remarkable commitment to a scientific
approach on the part of Farr.

As the epidemic erupted, Farr provided Snow with initial calcu-
lations for the week of August 28. When Snow mapped these data, it
was clear that reports of cholera deaths in London were concentrated
in the Golden Square neighborhood. Between Thursday, August 31, and
Saturday, September 2, eighty-three deaths had been reported in Soho.
Snow asked Farr for the entire list, including addresses. Snow suspected
the Broad Street pump was the source of the epidemic, but he was going
to need to map the drinking patterns of the epidemic’s victims.

While Snow was mapping the patterns of cholera deaths and their
water habits in the Soho district, Whitehead was attending to those who
were in cholera’s grip. Whitehead noted that in one affluent home in
Soho, all twelve residents died. In contrast, in one of the most unsani-
tary homes in the district he visited, no one was ill. These observations
caused Whitehead to further doubt the miasmist theory.

COMPARATIVE ANALYSIS

Snow realized that his pattern data would not be enough to conclude
that the Broad Street pump was the source of the epidemic and not foul
airs or moral failings. To do this, Snow needed two sets of cases (table
6.1: B and C). Although Snow already knew that he had victims who
lived in Golden Square and drank the water from the Broad Street pump
(A), these victims could have died from either the water or the foul airs
of the neighborhood. To partially discredit the miasmist theory, Snow
needed to find Golden Square residents who had survived the foul air
and had not drunk water from the Broad Street pump (B). To confirm
his waterborne theory and further test the miasmist theory, he needed
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Table 6.1. Comparative analysis to test the miasmist theory

Broad Street water consumption

Location Yes No
Local (Golden Square) A B
Nonlocal C _

cases in which victims had drunk the water from Broad Street and had
not lived in the foul air of the Golden Square neighborhood (C).

Using Farr’s list of cholera deaths by address, Snow created a men-
tal map of where the victims had lived. Using this, Snow had a sampling
plan and set off to learn about the ten nonlocal victims (C) and their
water-drinking habits. Two of the nonresident victims were a tailor and
his son. The son had gone out in the middle of a hot night to fetch
water from the Broad Street pump. Three other victims were children.
Their parents reported that the children attended school near the Broad
Street pump and would drink from the pump before and after school.
Relatives of three other victims told Snow that the victims preferred the
water of the Broad Street pump even though there was another source
that was closer. Finally, Snow interviewed the Ely brothers to learn about
the deaths of their mother and cousin. The brothers told Snow that their
mother preferred the water from the Broad Street pump and they reg-
ularly had this water brought to her. Further, their cousin had been vis-
iting their mother and had consumed some of the water delivered from
the Broad Street pump. Snow had accounted for all ten of the nonlocal
victims—and they all had drunk water from the Broad Street pump.

Snow also used his mental map of cholera victims to identify local
areas in the Golden Square neighborhood where there were few deaths (B).
Two cases stood out: the laborers of the Lion Brewery and the St. James
Workhouse. The Lion Brewery at 50 Broad Street had seventy work-
ers but not one death had been reported for that address. Snow visited
the brewery and interviewed the owners, Edward and John Huggins.
The Hugginses were perplexed that none of their employees had been
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stricken with the disease. Snow asked about the source of their drinking
water. The Hugginses reported they had their own sources of water: a
private pipeline and well. Snow visited the St. James Workhouse at 50
Poland Street, home to 535 people. Snow interviewed the workhouse di-
rectors who also reported that their establishment had a private pipeline
of drinking water; residents had no reason to get water from the Broad
Street pump even though it was less than fifty yards from their door.

Within twenty-four hours of receiving the list from Farr, Snow
had interviewed surviving family members and neighbors of more than
seventy of the eighty victims. Based on his mental map, Snow had built
a comparative case against the Broad Street pump. Of the ten persons
who lived distant from the pump, all could be connected to drinking
water from the pump (C). In substantial cases of local residents who
had not fallen ill (B), they had private sources of water. Further, of the
local persons who had died (A), sixty-one of the seventy-three could be
conclusively tied to the Broad Street pump.

EXPERIMENT

Three events occurred during the epidemic that can be conceived of as
experiments. First was the contamination of the Broad Street well. The
Broad Street well was known for its clear and cool water and it certainly
appeared so when Snow inspected it on Sunday, September 3. Although
the reason for the change was unknown, by the time Snow drew water
samples from the well the next day, the water was cloudy and he saw small
white particles. Snow was not able to conclude anything from his inspec-
tion of the water, except to note that the water quality had changed.

The second experiment occurred on Tuesday, September 5. The
board of health had become sufficiently alarmed by the epidemic that it
ordered the streets to be washed with chloride of lime to purge the neigh-
borhood of its miasmatic foul airs. The epidemic continued to spread.

The third experiment was installed on Friday, September 8. The
night before, the board of governors of St. James Parish had held an
emergency meeting to assess the continuing spread of the epidemic and
consider alternative options to end it. Snow attended the meeting and
claimed that he knew the cause of the epidemic. He described the high
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number of deaths associated with residents who lived near the well, the
absence of deaths among those who lived nearby but had different sources
of drinking water, and the fatalities among those who were not local but
had drunk the water. Snow concluded that the evidence clearly indicated
that the well was the source of the epidemic and that the pump handle
needed to be removed so that water could no longer be taken.

The board of governors was reluctant. The well had a reputation
for cool, clean water. The governors were also fully aware of the stench
of the neighborhood. Yet they were running out of options. The gover-
nors voted and the pump handle was removed the next morning, one
week after the epidemic had exploded throughout the neighborhood.
The epidemic subsided, though historians have since argued that al-
though the pump handle was removed for the right reasons, it had no
effect because the original source of contamination had ended and the
well water was no longer a risk.

MODELING

What about the original source of the contamination? Snow had no
mechanistic model for how the well had become contaminated. The
government would initiate several investigations to determine the cause
of the epidemic. The paving board would inspect the well for any direct
openings for contamination. It found none, and the government’s investi-
gations would offer no conclusive evidence for the cause of the epidemic.
Dissatisfied with the government’s response, the Vestry of St. James
decided in November 1854 to form its own investigation of the chol-
era epidemic. Snow and Whitehead were asked to work together on the
team. It was at this time that Snow created a revised version of his now
famous map showing the street layout of the Golden Square neighbor-
hood, the location of the Broad Street pump and nearby pumps, the
residence of the cholera victims, and the likely “consumption” bounda-
ries of residents for each pump (figure 6.1).2 It was at this time too that
Whitehead established the mechanistic explanation for the outbreak.
In the vestry report, Whitehead recounted his observations, which
ran counter to the miasmist theory. He described many cases of well-kept
homes whose residents had died and filthy homes whose inhabitants
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Figure 6.1. Snow’s map of the Golden Square neighborhood, the Broad Street
pump and nearby pumps, and the location of victims of the epidemic. The
height of the stacked lines indicates the number of persons who died at the
address. Snow did not make this map, which was part of his report, until after
the pump handle had been removed and the epidemic had subsided.

survived. Snow calculated the data in terms of upper and lower floors
(wealthy households occupied upper floors and poorer households lower
floors in the same apartment) to show that cholera had struck residents
regardless of class. The picture that emerged was clearly a case against the
Broad Street pump. Yet the well was known for its high-quality water. Fur-
ther, the paving board had found no obvious openings for contamination.
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Figure 6.2. 40 Broad Street and the home of the Lewis family. A leak from the
deteriorated cesspool in the front of the house connected to the Broad Street

pump was the source of the cholera contamination.

Whitehead realized that if Snow was right, there had to be an initial
case of cholera whose “evacuations” had somehow been introduced into
the Broad Street well. Whitehead reexamined the list of deaths for any
cases that had occurred during the initial outbreak among those who
had lived close to the well. In the list, Whitehead found “Baby Lewis,” 40
Broad Street, who had become ill on August 28. Whitehead went to the
home of Baby Lewis, where Mrs. Lewis was still living. Whitehead asked
Mrs. Lewis how she had rinsed her baby’s dirty diapers and disposed
of the washing water. Mrs. Lewis replied that she dumped most of the
buckets of dirty water down a drain in the backyard. However, she had
also dumped some of the buckets into a cesspool in the basement of
the front yard. When Whitehead reported what he learned to the Vestry
Committee, the committee hired a surveyor to inspect the cesspool and
any possible connections to the well. The surveyor found that although
the cesspool was constructed to connect to the sewer, the cesspool was
deteriorating and leaking into the Broad Street well (figure 6.2).
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The responses to the cholera epidemic in 1854 led to changes that are
fundamental to the transition to the Sanitary City: public administra-
tion of water supply and waste disposal, regulation of living and work
conditions, and changes in public health data. The short-term and im-
mediate change in practices was the removal of the Broad Street pump
handle. Over the long term, London would engage in massive public
works projects to provide safe drinking water and effective sanitation
systems for the city’s residents. These public works projects would be
a model for similar projects in cities throughout the industrializing
world. These projects would also reconceptualize the proper role of gov-
ernment in ways that endure to this day. Government could and should
directly “engage in protecting the health and well-being of its citizens,
particularly the poorest among them; . . . a centralized bureaucracy of
experts can solve societal problems that free markets either exacerbate
or ignore; . . . public-issues often require massive state investment in
infrastructure or prevention.”* Industrial cities, as a grand experiment
of global scope, would become safe places to live.

The cholera epidemic also led to changes in science. The London
Epidemiological Society had been formed in 1850. The 1854 cholera epi-
demic drew attention to the growing need for epidemiological data and
statistics that could be linked to the changing role of government. Snow
would invent a new form of mapping and spatial analysis, now called a
type of Voroni polygons, that combined the extensive data that Snow
had received from Farr and water consumption boundaries that came
from Snow’s local knowledge of residents’ likely paths to fetch water.
Such local knowledge might be considered an example of the concept of
“urban villages” presented in chapter 3. The epidemic and its resolution
cast the miasmist theory further in doubt. Germ theory would even-
tually emerge, miasmist theory would be discredited, and the cholera
bacterium (Vibrio cholerae) would be isolated and identified.

SUMMARY

The cholera epidemic of 1854 was part of an important transition in in-
dustrial urbanization from an unsanitary, laissez-faire model of govern-
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ance to a more sanitary, progressive model of governance. The story of
the cholera epidemic, the Golden Square neighborhood, and Snow and
Whitehead was also an implicit illustration of how a patch dynamics ap-
proach to urban ecological systems can be used. Snow and Whitehead
raced to combine extensive data about the water supply and sanitary
systems and Farr’s weekly death and disease reports with their own local
knowledge and direct observations and interviews of residents in the
Soho district. Addresses provided a spatial hook. They combined social
and biophysical data. The water supply boundaries associated with com-
munity wells and private sources were one type of patch. Within-patch
and between-patch interactions were investigated as well as levels of or-
ganization from the human digestive system to the city’s water systems.
Snow and Whitehead built their understanding of the system through
long-term monitoring, comparative analysis, experiments, and mecha-
nistic models. They combined science and practice and advanced both
domains within Pasteur’s quadrant.

The Emerging Sustainable City: Baltimore City’s Urban
Tree Canopy Goal and Sustainability Plan

The linkages between science and decision making can be dynamic and
iterative (figure 6.3). In this story, we describe the interactions between
science and decision making and how the cycles of these interactions
led to advances in both domains (table 6.2). We describe this story over
seven cycles of feedbacks. During this time, Baltimore became one of
the first cities in the United States to establish an urban tree canopy
goal, in contrast to the many Million Tree campaigns that have been
announced. Over those feedback cycles, the city’s tree program, Tree-
Baltimore, would be linked to other sustainability goals and broaden its
connections to diverse stakeholders and other city programs.

THE STORY, PART I: ESTABLISHING AN
URBAN TREE CANOPY GOAL

Cycle o: Riparian denitrification and riparian tree buffers. The Baltimore
region is characterized by ecologically functional watersheds and stream
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Figure 6.3. Dynamic links between science and decision making: an abstracted

cycle of interactions among scientists and decision makers.

valleys that have contributed to Baltimore’s economic and cultural his-
tory. An early test of our Baltimore urban research project was to apply
and demonstrate the utility of forested watershed studies from the
Coweeta, H. ]. Andrews, and Hubbard Brook Experimental Forests® to
an urban watershed system. All are LTER projects in the United States.
One of the initial questions that BES asked, using a watershed approach,
was “Do riparian patches, thought to be an important sink for N in
many nonurban watersheds, provide a similar function in urban and
suburban watersheds?”

Somewhat surprisingly, BES analyses found that rather than sinks,
riparian patches had the potential to be sources of nitrogen in urban
and suburban watersheds. This finding could be explained by observing
changes in hydrologic connectivity among riparian and upland patches
in urban watersheds. This change in organizational connectivity was
caused by the incision of stream channels and reduction in infiltration
in upland patches due to stormwater infrastructure, which led to lower
groundwater tables in riparian patches. These changes in patch con-
nectivity produce what is called “hydrologic drought,” which creates
aerobic conditions in urban riparian soils and decreases denitrification,
an anaerobic microbial process that converts reactive nitrogen into ni-
trogen gases and removes it from the terrestrial system.®
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Table 6.2. Dynamic cycles and feedbacks of science and decision making

Science: Theory

Decision making:

Cycle and/or methods Management concern
PartI: 0 Riparian denitrifi- Riparian tree buffers
UTC goal cation
1 Urban hydrologic Urban tree canopy
drought (UTC) policy
2 High-resolution land UTC goal
cover mapping
3 Ecology of prestige All lands, all people:
the new forest
landowner
4 Political economy of Environmental equity
place and justice
Part II: 5 UTC prioritization tools ~ Multiple sustain-
UTC goal ability goals
and sustain- 6 Civic governance Stewardship networks
ability plan Diffusion of knowledge
7 Adoption of inno- UTC prioritization

vation and markets

Cycle 1: Urban hydrologic drought and urban tree canopy policy. Based
upon BES findings about urban riparian patch function, the Chesa-
peake Bay Program reassessed its goals for forest restoration of riparian
patches in urban areas.” Given that riparian patches in deeply incised
urban channels were not likely to be functionally important for nitrate
reduction in urban watersheds, the program focused instead on estab-
lishing broader urban tree canopy (UTC) goals for entire urban mosaics
with the idea that increases in canopy cover across the city would have
important hydrologic and nutrient cycling benefits to the bay.® This
change was associated with research showing that urban trees reduce
stormwater runoff by interception, evaporation, and transpiration, and
thus slow or reduce the flow of stormwater.
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Cycle 2: High-resolution land cover mapping methods and UTC goal.
The City of Baltimore decided to participate in the Chesapeake Bay Pro-
gram’s urban tree canopy initiative that was stimulated by the BES find-
ings. Before the city could establish a goal, however, it needed to quantify
the amount of existing and possible canopy cover for the entire city
patch mosaic. For this analysis, the city defined possible canopy cover
as those patches that did not have existing tree canopy cover and were
not roads, buildings, or water. Furthermore, the city needed to know
how much of existing tree canopy patches was in public ownership, par-
ticularly in parks and public rights-of-way such as street trees. These
questions required detailed, parcel-level analysis. The midresolution,
remotely sensed data of an ecology in cities approach were insufficient
for this analysis.

Through BES, we developed new methods for combining high-
resolution, remotely sensed imagery and LiDAR data in order to pro-
duce highly accurate and visually representative data at the parcel level
(figure 5.1). Visually representative and parcel-level analyses were two
important requirements that decision makers had for the development
of these methods. The data product needed to be visually representative
at a parcel level in order to convince decision makers and the general pub-
lic that the data were realistic and therefore legitimate because the data
corresponded to how they thought of and perceived their environment.
A tree should look like a tree, not a pixel. Summarizing the data in terms
of parcels was important because it is the basic unit of decision making
and management. The city needed to know how much of the existing and
possible urban tree canopy was under its management and how much
was associated with other types of ownership or management.

The results from these new land cover mapping methods indicated
that the existing canopy cover for the city was 20 percent. The pres-
ence of canopy cover varied from 1 percent to 85 percent across dif-
ferent neighborhood patches. Given the combination of existing and
possible canopy cover by neighborhood, some neighborhoods could
ultimately have a canopy cover as high as 97 percent or as low as 29 per-
cent. In terms of ownership patches, public ownership—street trees and
parks—contained only 20 percent of the existing canopy patches and 14
percent of the possible canopy patches; while private ownership con-
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tained 80 percent of the existing and 85 percent of the possible canopy
cover. Thus, the city’s urban tree canopy goal would be severely limited
if it depended only upon conserving existing trees and planting new
trees on public lands.

With this information, the city knew the extent of existing and
possible canopy cover and its distribution by ownership type and by
neighborhood. Yet the city did not know what the canopy goal should
be. Recent watershed research in the region had indicated watershed
health declined significantly when existing canopy cover fell below 43
percent. Given that the city’s existing canopy cover was 20 percent, and
in consideration of how to “sell” its canopy goal, the city set a target of
nearly doubling its canopy cover, from 20 percent to 40 percent.

Cycle 3: An ecology of prestige and an “all lands, all people” approach.
Given the limited role of public lands to achieve the city’s UTC goal,
the city recognized that it needed to adopt an “all lands, all people”
approach that addressed the entire patch mosaic. The importance of
residential patches to the city’s UTC goal required a better understand-
ing of the social factors that predicted variations in the distribution of
existing and possible urban tree canopy on residential patches among
different neighborhoods. Our analysis employed a variety of extensive
data from the U.S. Census at the block group level. These data included
total population, income, education, family size, life stage, and race and
ethnicity. Using dasymetric mapping techniques, land cover data were
constrained to the residential land use of each block group and included
in the analysis. The results from this research suggested a phenomenon
that we call an ecology of prestige.’

An ecology of prestige is based upon the essential idea that hous-
ing styles, yard characteristics, tree and shrub plantings, and green
grass can be considered social-ecological symbols, reflecting the type
of neighborhoods in which people live."” These social-ecological sym-
bols can be interpreted as the outward manifestation of each neigh-
borhood’s placement in a social hierarchy of group identity and social
status in the urban patch mosaic. As such, trees and other yard-care
behaviors can be understood as something that is socially valuable,
namely, an individual’s publicly visible contributions to upholding
neighborhood prestige."*
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Three important findings emerged from our research on neigh-
borhood patches and an ecology of prestige in Baltimore. The first find-
ing was that lifestyle factors such as family size, life stage, and ethnicity
appear to be stronger predictors of private residential land management
than population density or socioeconomic status. The second finding,
which builds on the first, is that the relationship between lifestyle in-
dicators and residential landscape structure and practices provides
evidence for the idea that there are ecological indicators of different
neighborhood-based and geographically coherent markets associated
with different groups’ needs, sense of social status, and group identity
(figure 6.4 and plate 7). These two findings suggested the need for novel
marketing campaigns that differentiated between and promoted UTC
efforts to different types of neighborhoods in Baltimore. The third find-
ing was that these relationships were temporally complex. Temporal lags
existed between changes in neighborhood characteristics and canopy
cover. Neighborhood lifestyle characteristics in the 1960s were the best
predictors of existing canopy cover in the 2000s. This finding caused us
to reevaluate our research on long-term trends in environmental justice
in relation to the city’s tree canopy goal.

Cycle 4: Political economy of place and environmental equity and
justice. An important component of our research in Baltimore is called
a political economy of place. Essentially, we seek to understand what
social and economic factors cause neighborhood patches to improve,
others to remain relatively stable, and others to decline. Precipitated
by Lord and Norquist’s work on environmental equity and justice de-
scribed earlier,'* we found that seventy years later, the current distri-
bution of existing canopy cover and vacant lots and buildings was still
closely associated with the Home Owners’ Loan Corporation neighbor-
hood patch classification in 1937 (figure 6.5 and plate 8). In other words,
the actions taken by the HOLC institutionalized a racially based pattern
and legacy of disinvestment characterized by poor housing quality and
limited neighborhood amenities such as street trees and parks, which
can still be observed today. This finding and Lord and Norquist’s legal
research suggested the potential need for a remedial environmental jus-
tice component to how the city prioritized the implementation of its
urban tree canopy goal.
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Figure 6.4. Urban tree canopy cover and PRIZM lifestyle market categories.
Neighborhood patches in Baltimore can be classified using PRIZM lifestyle mar-
ket categories. The size of the circle indicates the amount of residential canopy
cover in each neighborhood. Neighborhoods may have similar levels of popula-
tion density, and households may have similar levels of income and education
but are at different life stages. Differences in the amount of urban tree canopy

cover per neighborhood may be significantly associated with household life stage.
(See also Plate 7.)
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Figure 6.5. Legacies of redlining: Comparing the HOLC map of security zones
(a) with a map of urban tree canopy cover (b) shows that neighborhoods clas-
sified as “hazardous” or “declining” in 1937 still had the lowest rates of canopy
cover in 2007. (See also Plate 8.)

THE STORY, PART II: UTC AND SUSTAINABILITY PLAN

Baltimore’s UTC goal was set before the city developed its sustainability
plan. Yet, the city’s sustainability plan, accompanied by an overall shift in
focus on urban sustainability approaches and practices, has significantly
influenced how the city’s UTC goal will be achieved.” First, there has
been a shift in terms of governance and involvement of multiple sectors
and stakeholders toward more involvement and collaboration within and
among public, private, NGO, and community stakeholders. In the case
of city agencies, for instance, there is increased collaboration on projects
among agencies to achieve multiple sustainability goals. In other words,
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rather than a one-to-one-to-one approach (agency-project—sustainability
goal), there is a growing transition toward a many-to-one-to-many ap-
proach. Second, there is growing recognition that there are complementary
and alternative approaches to “gray” engineering solutions that include
both “green” bioengineering solutions and behavioral changes. Finally, it is
increasingly clear that the entire urban patch mosaic and the connectivity
among patches needs to be considered in designing structural solutions
and behavioral changes of all types in order to achieve the city’s sustaina-
bility goals. Thus, the science and tools for the implementation of the city’s
UTC goal are shaped by these shifts in urban sustainability.

Cycle 5: UTC prioritization tool and multiple sustainability goals.
The city’s UTC goal is a significant environmental component in the
city’s sustainability plan. Baltimore City’s Department of Recreation
and Parks is the city agency primarily responsible for the implementa-
tion of the UTC goal. However, the UTC goal has also been connected to
other sustainability goals and other agencies.'* Some of these sustaina-
bility goals include education and awareness, cleanliness, greening, pol-
lution prevention, and transportation (www.baltimoresustainability.
org/). A survey of city agencies found that nine other city agencies had
programs that were directly or indirectly associated with the city’s urban
tree canopy. Thus, new methods were needed to facilitate collaboration
among public agencies as well as groups from other sectors, including
NGOs, private interests, and community groups.

Working with these local partners, BES scientists and students de-
veloped new UTC methods. The purpose of these new methods was to
prioritize where to plant trees based upon diverse sustainability goals
and to promote collaboration among stakeholders associated with these
goals. Essential requirements were that the methods could incorporate
social and biophysical data from diverse sources, organize these data at
socially meaningful units of spatial analyses—neighborhood and parcel
patches—for the entire city spatial mosaic, and understand the organ-
izational complexity of stakeholders in terms of similarities and differ-
ences among stakeholders by sector type and level of organization.

We employed a stakeholder process of interviews, discussions,
and written surveys with twenty-five public agencies and organizations.
Some of the results of this process are shown in figure 6.6, which shows
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Figure 6.6. Urban tree canopy (UTC) prioritization and similarity of organiza-
tions based on prioritization goals. The summary map (a) shows UTC prioriti-
zation for Baltimore at the neighborhood scale based on a stakeholder process
(n = 25 organizations). The tree diagram (b) shows which stakeholder groups
are similar in what they consider the most important factors for prioritizing
where to plant trees. Groups closer to each other are more similar.

a summary map of prioritization for the city based on neighborhood
patches. The three most popular criteria for where to increase UTC were
water quality (impervious surfaces), public health and safety (urban
heat island), and the presence of community stewardship groups.'” The
accompanying diagram illustrates the affinity of government agencies,
businesses, NGOs, and community groups in the similarities of their
preferences for different prioritization criteria. Interestingly, participants’
preferences did not correspond to their sector type. For instance, the pri-
orities of the city’s Department of Public Works were more similar to
some local NGOs than to the city’s Department of Public Health.
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Cycle 6: Civic governance, diffusion of knowledge, and stewardship
networks. The results from the stakeholder process coupled with imple-
mentation of the city’s UTC goal in priority areas indicated the need
to better understand the organizational complexity of the city’s stew-
ardship networks. BES researchers employed midrange theories of civic
governance in order to understand how governance structures and
processes in the city have changed as the city shifts its focus to urban
sustainability approaches and practices. We noted earlier that we antic-
ipated a shift toward more coordination and collaboration among sec-
tors and levels of organization. To test this idea, we surveyed all known
stewardship organizations in Baltimore (n = 390) and collected spatially
explicit time-series data to observe these types of changes in organi-
zational complexity across the city mosaic at the neighborhood level
(figure 6.7).'¢

These data are useful for decision making in several ways. First, the
presence and density of stewardship groups had already been identified
as an important criterion for prioritizing where to plant trees (figure
6.7b). Second, the similarities or complementarities among organiza-
tions in terms of their interests (figure 6.6b) can be used to build coa-
litions for working in neighborhoods that have been identified as high
priorities (figure 6.6a). Finally, the organizational diagram (figure 6.7a)
can be used to identify which groups are influential in terms of sharing
information and other resources and which organizations are marginal.
This information can be used to diffuse knowledge through existing
networks and modify the network to be more inclusive.

Cycle 7: Adoption of innovation and UTC prioritization and mar-
kets. As the TreeBaltimore program has planted trees, it has needed to
evaluate how successfully the program has reached its goal in terms of
priority areas (cycle 5) and types of markets (cycle 3). To address this
need, we have begun a new cycle of research using midrange theories of
“adoption of innovations” to evaluate the social and ecological factors
that may affect whether homeowners adopt sustainability practices such
as tree plantings, rain barrels, and rain gardens. This research also serves
as a form of business analysis for the TreeBaltimore program.

We have combined the UTC prioritization classification (cycle 5)
with administrative data for tree plantings from the fall of 2013 (figure
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Figure 6.7. The environmental stewardship network for the city of Baltimore
and neighborhoods where organizations work. In the network diagram (a) of
environmental stewardship organizations in Baltimore in 2011 (n = 390 organi-
zations), larger circles mean the organization has more connections with other
organizations. At right (b), the number of environmental stewardship groups
per neighborhood is illustrated. Groups that work at the citywide level are not
included in the density mapping.

6.8). Figure 6.8a shows the spatial distribution of “free giveaway” tree
plantings in terms of the UTC prioritization. The results indicate that
the fewest number of plantings occurs in high-priority areas. Further, the
city’s Forestry Division and an NGO, the Baltimore Tree Trust, are the
only two organizations that work exclusively in this high-priority patch
type. Only the Parks & People Foundation, another NGO, works in all
priority patch types.

When these tree programs and other stormwater “free giveaway”
programs are examined by market type (cycle 3), the results show that
two market types, upscale avenues and high society, have the highest rates
of adoption and the highest rates of existing canopy cover (figure 6.9).
Clearly, the idea of trees resonates with these two groups. However, the
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Figure 6.8. Mapping tree plantings by UTC priorities and the organizations that
planted the trees. (a) Tree plantings in the fall of 2013 by UTC prioritization cat-
egory at the neighborhood level. (b) Number of trees planted by organization
for each UTC prioritization category.
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Figure 6.9. Odds ratio for urban greening programs in Baltimore using ESRI’s
(Environmental Systems Research Institute) tapestry market classification. Ex-
pected rate of adoption is equal to a value of 1, based on household populations
for each market type in the city. Two neighborhood types—upscale avenues
and high society—have both the highest levels of existing canopy cover and the
highest rates of adoption of “free giveaway” programs.
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adoption rates of other types of neighborhoods are lower than would be
expected. Based upon adoption of innovation theory, TreeBaltimore and
BES have begun interviews and alternative program strategies to explore
how varying the types of messages, messengers, and social-ecological
patch contexts might affect whether different types of neighborhood
patches adopt these sustainability practices.

THE DATA FRAMEWORK AND WAYS OF KNOWING

The data framework and ways of knowing for the UTC science and de-
cision-making cycles have employed a combination of extensive and in-
tensive data (figure 6.10) and long-term monitoring, comparative analysis,
BACI experiments, and models. Extensive social and biophysical data have
been used to characterize the urban mosaic of neighborhood patches in
terms of UTC markets and priorities. As those patches change, we will be
able to observe changes in patch richness, frequency, and configuration.
We have used intensive surveys to describe organizational connectivity
within and among levels in terms of functional flows of information, staff,
and funds and their connections to neighborhood patches. Time-series
data have been employed to observe lags and legacies that affect the types
and rates of change in different neighborhood patches.

The tree-planting programs can be treated as “natural exper-
iments.” City agencies and NGOs have provided their tree-planting
administrative data. When these data are mapped to addresses and
connected to neighborhood patch classifications, we have “natural ex-
periments” to evaluate which messages and messengers are most effec-
tive with different neighborhoods. Follow-up experiments are possible
by modifying the messages and messengers for different types of neigh-
borhoods and monitoring the changes in the effectiveness of tree pro-
grams. Ultimately, the goal of these natural experiments is to improve the
performance of these programs in different neighborhood patch types.

Currently, there are a number of mechanistic, biophysical models
that link urban tree canopy extent, location, structure, and species with
ecosystem processes and sustainability goals. For instance, these models
can relate changes in urban tree canopy to changes in urban heat island
and stormwater quantity and quality. From the social sciences, there
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Figure 6.10. Extensive-intensive data framework for Baltimore’s UTC goal (cy-
cles 1-7).

are emerging conceptual models of stewardship networks, diffusion of
knowledge, and adoption of land management practices.

SUMMARY

Our story of Baltimore’s urban tree canopy goal and sustainability plan
began with understanding how changes in the organizational complexity
of riparian and upland patches affected denitrification in urban water-
sheds. Since then, we have progressed through seven cycles of advancing
science and decision making in terms of social and biophysical midrange
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theories and methods, and the ability to assess, prioritize, collaborate, and
evaluate the city’s tree canopy in the context of its sustainability goals.
These advances are not limited to the City of Baltimore. In less than
ten years, more than sixty-five UTC assessments have been completed,
covering more than nine thousand square miles and 850 communities,
and including 30 million people: from small towns to large counties in
the United States and Canada. The State of Maryland has legislated that
the UTC approach to land cover assessment be used to quantify changes
in land cover every five years for the entire state: from its most wild areas
to urban regions. In the case of New York City, the Department of Parks
and Recreation has used its UTC assessment and prioritization analysis
to set a goal and prioritize its tree-planting capital budget: ~$40 million
per year for ten years, $400 million total. An important outcome in gen-
eral is that UTC assessments and prioritization analyses have facilitated
the shift toward an “all lands, all people approach” for urban areas, in-
tegration of social and ecological knowledge and data, and multiagency
and stakeholder collaboration to achieve urban sustainability goals.

Conclusion

We have used two examples to illustrate the utility of a patch dynamics
approach to advance both understanding and management of urban
ecological systems. We conclude with a few observations. First, a patch
dynamics approach involves understanding spatial, organizational, and
temporal complexity. It is important to match the appropriate levels of
complexity to the research or practical question. More complexity is not
always necessary or better; but a little bit more is often useful. Second, we
have not offered a cookbook guide to applying a patch dynamics approach
for linking urban ecology and decision making. The framing we have pro-
vided of propositions, a patch dynamics approach, and data strategies is
more akin to a compass and gyroscope to guide the way forward. The way
forward is a struggle, with frustrations and rewards, curiosity and kyosei,
but the struggle is important because the science of urban ecological sys-
tems is relevant and integral to enhancing the sustainability and resilience
of our dominant form of human settlement: the city.
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Metacities and an Urban Land Ethic

he city is preeminently a place of difference and of differenti-

ation. Early theorists who wished to explain how the city was

different from earlier kinds of settlements often pointed to

the origin of its different inhabitants from different villages,
clans, or tribes, or noted the variety of skills that could exist among the
diverse inhabitants assembled as a result of the surpluses that cities have
always commanded.

The existence of difference and the process of differentiation have
intrigued scholars in many disciplines and urbanists of many stripes. The
flags under which these scholars of difference and practitioners of dif-
ferentiation march are numerous: anthropologists and sociologists may
speak of spatial variation, biophysical scientists speak of heterogeneity
when they are dressed up and patchiness when they are dressed down,
geographers may speak of locale, and of course real estate professionals
speak—in triplicate for emphasis—of “location, location, location.”
Even the formal structure of urban areas has accumulated a general lex-
icon of difference: districts, wards, parishes, blocks, ghettos, barrios, and
neighborhoods, for example. The authors of this book themselves rep-
resent different perspectives, training, and experience concerning urban
systems. Among us, many specialties can be identified: geography, soci-
ology, rural development, community forestry, landscape ecology, plant
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ecology, disturbance ecology, conservation, geographic information sci-
ence, and biogeochemistry, among others. Perhaps it takes differences to
best understand and deal with difference.

Difference goes well beyond the abstract. Particular places have
their own monikers that are steeped in the connotations and content
of difference—the Mainline in Philadelphia, Smoketown in Louisville,
Venice in Los Angeles, Pigtown in Baltimore, Greenwich Village in New
York City, Southie in Boston. All of these labels and more bear the rich-
ness of real and particular difference. Spatial difference speaks power-
fully of the varied content of specific places within urban areas, and
of the spatial contexts of these particular locations. Notably, difference
and the perception of difference change through time. Smoketown once
stood for a neighborhood of German brick makers but became a code for
an upwardly mobile African American neighborhood after the Civil
War. Now it is a label that lives in the memories and conversations of a
few old families.

Such difference, differentiation, and change have been the sub-
stance of this book. We have been attuned to the heart of the urban
situation that has characterized cities from the ancient Near East to the
exploding megacities of Asia and Africa. But it is not simply difference
for the sake of describing difference. Rather, the concern embraces what
difference accomplishes and what it entails. Difference in urban places
is potent and kinetic. Difference, even within the so-called creative class,
and the serendipitous frissons of innovation that result from informal
contact across boundaries of experience, age, training, and motivation,
is said to fuel much of what cities seem best able to produce. Difference,
when the way is clearly open, is a spur to upward mobility. Difference
fuels the specialized markets of mom-and-pop businesses or garage en-
trepreneurs, and difference lends much of the interest to urban life—the
Lebanese grocery, the old-world deli, the quiet Olmsted park, and the
always-crowded neighborhood basketball court, its empty rim bearing
the frayed tatters of a long-gone net.

So at the core of the urban phenomenon is differential and its in-
teraction. We do not say that all difference is anchored in space, although
it often is. Rather, difference, even of the most abstract sorts, like status
and wealth, always has some spatial expression. The elderly black man
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stepping aside in deference to a white person of any age and sex on a Jim
Crow sidewalk in the American South of the early twentieth century is
a temporary spatial expression of social status—though a regrettable and
sad instance. Also implied in this spatial example is the reality that in some
other locations in that same Jim Crow city, the elderly black man’s sta-
tus would have had a very different expression, as even grown men and
women might have respectfully acknowledged an elder community leader.

If spatial variation is a general way to express differentiation, then
how things and influences move through urban areas is important. Var-
iation can be represented as spatial mosaics—often in maps. Mosaics
thus become the field of description and action, parsed by discrete or
fuzzy boundaries, or by broad gradients of change. The elements of var-
iation might be denoted as patches, and some patch arrays might be
usefully thought of as networks. In such a spatial array, what becomes
significant is which patches are adjacent to each other, and how things
and influences move through the mosaic. Some movements may be by
“conduction” or contact, such that only things from adjacent patches
will appear in or influence a neighboring patch. In such cases, the nature
of the boundaries between patches—whether they are strong or porous
—is important. Social perception can be as potent a boundary as a
physical wall. Alternatively, networks of infrastructure or long-distance
flows, such as by wind, bring influences from far away. Social and finan-
cial influences are particularly susceptible to long-distance flux. So un-
derstanding the structure of mosaics, graded fields, boundary structure,
and spatial networks is important to understanding the fundamental
nature of urban systems as systems of spatial variation. Patch dynamics
is the concept that we have used throughout this book to frame and
support understanding the existence and function of spatial variation
within urban systems.

Space

We have used the term space as though it were not freighted with impli-
cations and assumptions. Many physical scientists might interpret space
as an empty medium, described by Cartesian x, y, and z dimensions. It is
the ideal vacuum in which classical physics takes place. Of course, con-
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temporary physics recognizes space to have shape and to be translatable
theoretically into time, and indeed to be filled with dark matter.

Contemporary social sciences also recognize the fullness of space.
Henri Lefebvre said that a view of space as an empty medium, devoid
of social meaning, was a trick of central authority. Space was presented
as empty and merely cadastral in order to be sold and ruled by elites.
His 1968 masterwork, The Production of Space, explains how central
authorities strip space of social meaning in order to impose their own
values and processes on it and the people who would use and occupy
that space.! Space as an abstraction is commoditized and centrally con-
trolled. It is also the subject of spatial planning, a top-down regulatory
strategy that operates on big blocks of territory, often portrayed as quite
uniform, and that has often applied ideal theories, such as modernism,
as its planning logic. Spatial planning has in some cases resulted in quite
extreme obliteration of local functional urban variation, as noted by
Jane Jacobs’s still cogent critique.? The top-down appropriation of space
erases many of the kinds of difference that this book has embraced and
rejoiced in. Lefebvre does an excellent job of explaining the social vi-
olence resulting from this tactic, but he falls short in acknowledging
the biophysical violence this appropriation wreaks. If space is a social
construction, as he says, we conclude that it is equally an ecological con-
struction. This insight has been increasingly recognized by urbanists,
landscape architects, and urban designers since the 1980s.’

The significance of these insights is that empty or abstract space
does not really exist in the city of difference. Variation has a multitude of
dimensions, each of which suggests its own kind of meaning and value
for the elements of urban mosaics, which leads to a consideration of
place.

Place

Place is lived space. The values and meanings attached to urban spatial
variants convert them each to perceived and lived places. The term place
here is perhaps best thought of in the context of “sense of place,” an
expression of customary and vernacular knowledge and experience by
people and communities of the spaces they live in, move through, and
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otherwise use. The concept of sense of place recalls the idea of urban
villages identified in chapter 3. They are places that emerge from space
layered with values, meaning, rules of behavior, and feelings of attach-
ment. They merit names such as these Baltimore locales: Hampden
(pronounced without the “p”), Sandtown, Roland Park, Butchers’ Hill,
Madison East End, and so on for a total of 276 recognized neighborhood
designations in Baltimore City alone. They are places where resident
strangers recognize each other and where, at their best, neighborhoods
provide the raw material for the incredible energy of cities as cradles of
innovation and novelty.

Urban villages can also be crucibles for resilience. Resilience is not
asimple bouncing back to some preordained state, for in fact such a state
does not exist for any city. Urban systems are increasingly recognized as
virtually constantly changing systems. Demography, density, economy,
infrastructure, building stocks, transportation routes and technologies,
all change at various rates and in different locations. Rather than resist
change, the contemporary concept of resilience acknowledges that cit-
ies and their components must adapt to changing opportunities, con-
straints, resources, and threats.* Engineering resilience, in the sense of
building a system that is elastic in the face of expected stress, or political
resilience, in the sense of promising that things will be as they were be-
fore some crisis, both have their place. However, they are not the way
toward adaptive change. Engineered systems aim to remain in a narrow
stated range of tolerance: a bridge must bear certain loads and with-
stand calculated crosswinds. Politicians wish to protect their tenure by
keeping potential voters within their pre-crisis comfort zones. But cities
and their constituent urban neighborhoods must adapt to social, eco-
nomic, and environmental changes of many types that occur at many
rates. An urban system, or indeed a neighborhood, that supports insti-
tutions that can adjust to change, that builds human and social capital
with the skills to meet change effectively, that diversifies economic activ-
ities to allow choices in the future, or that marshals information in ways
that allow citizens to benefit from changing conditions, is engaging in
resilient behavior.

Social construction of space can be authoritarian or democratic.
The revolutionary impulse of the 1960s led to an appreciation that all



METACITIES AND AN URBAN LAND ETHIC 177

citizens could be involved in the creation of place within the urban
realm.” Kevin Lynch’s documentation of the personal mental maps of
residents of Boston,® the growth of environmental justice both as activ-
ism and as scholarship, and the growth of neighborhood-based revitali-
zation are all roots and symbols of the growing democratization of urban
patch construction. The shift from centralized spatial planning to more
localized urban design is a professional shift that occurred over this same
time frame. Sense of place honors people’s perceptions and the local
knowledge possessed by individuals, social groups, and institutions,
even those who are usually disenfranchised.

Although place is a personally and socially focused set of percep-
tions and values, it has aspects that can be measured. Chapter 5 has sum-
marized a variety of strategies for measuring socially and ecologically
meaningful patchiness. Both spatially extensive and spatially intensive
data strategies exist. Importantly, the remotely sensed strategies of plan-
ning and regional assessment, and the fine-scaled, plot-based measure-
ments of biophysical patterns and processes usefully meet at the level of
property parcels in urban areas. Parcels or their aggregates are the units
of management in human settlements. Their boundaries in some form
often appear in even objective land cover classifications.

Landscape, as an expression of place, can be seen as a medium for
joint action in urban systems. Joan Iverson Nassauer has emphasized
that landscape in urban systems can be a powerful medium for inter-
action and action.” Landscape, in the sense of the view outside, is the
principal window on a sense of place. It is a view that can be shared, dis-
cussed, and envisioned by a community or diverse group of stakehold-
ers. A landscape perspective can lead to effective and accepted designs in
urban places that take the social and other dimensions of urban systems
into account.

Complexity is an important aspect of place. Various chapters in
this book have addressed three dimensions of complexity: spatial, or-
ganizational, and temporal.® The spatial aspects of complexity address
much more than abstract space. Consequently, the hierarchical aspects
of patch complexity, ranging from simple difference and frequency of
different parch types to the configuration of a patch mosaic and the
functional connections within the mosaic, all apply to place. It is the
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content of the patches, which are in the social realm and represented
by the things we have described above as defining place, that can be the
subject of this axis of complexity. It is content that is place, not abstract
space, that is imbued with complexity.

The organizational dimension of complexity likewise embodies
features of lived place. These features are crucial elements of the human
ecosystem model. How are people organized? What purposes do they
organize for? How are formal and informal institutions structured and
linked? A nested hierarchy of organization begins with individuals, ex-
tends through households, through various informal and formal organ-
izations, and may conclude with formal government and governance
arrangements.

Finally, there is temporal complexity. This dimension emphasizes
that not all important interactions in a heterogeneous, patchy mosaic
may be instantaneous or contemporary. Temporal complexity increases
as historical influences play into contemporary relationships, as lagged
interactions become important, and as structural legacies of past con-
ditions are seen to have contemporary influence. The spatial nature of
such temporal effects is often quite strong, as seen, for example, in the
management of urban tree canopy.

As important as the dimension of “place” is above and beyond ab-
stract, controlled urban space, accounts of place often ignore its bio-
physical environmental aspects. This lapse goes back to the founding of
the idea of social construction of space. This is a literature that resides
predominantly in philosophical and social realms. The ecological as-
pects of place have often been neglected. To remedy this neglect, the
ecosystem concept comes into play.

Ecosystem

The ecosystem is defined as a bounded volume of the Earth contain-
ing biota, the physical environment, and the interactions between these
components.” Although the term space is often used in the definition
rather than volume, we hasten to add that such use does not imply
the Lefevbrian authoritarian abstract. Rather, ecosystems are defined
by their content, and hence are more akin to the social conception of
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“place.” Ecosystems in biology represent the structure and fluxes of par-
ticular places. And we have seen that the ecosystem concept in the con-
temporary world, including or perhaps especially urban areas, always
includes humans and their institutions, artifacts, actions, and effects.
Hence, the ecosystem in general terms and human ecosystems as spe-
cific instances of this generalized concept are places that have socially
constructed meaning as well as what may to some social scientists and to
people in general seem to be dry biological and biogeochemical content.

The richness of the social content of ecosystems is well represented
by the human ecosystem model. Some incarnations of the model em-
phasize the social sphere while pointing to crucial biophysical com-
ponents that support and interact with the social system. Other rep-
resentations flesh out additional detail in the biophysical components
of human ecosystems as a framework and highlight the important work
that sphere does. In this respect, the human ecosystem model points to
some of the same aspects of relevance that the idea of ecosystem services
is meant to embody.'” Human ecosystems, whether all their occupants
or dependents realize it or not, provide the essential services to support
life, resources for livelihood, biotic and biogeochemical regulation of the
environment, and the artifacts and phenomena that embody cultural
and spiritual value. It is not a stretch at all to say that human well-being
rests on the foundation of the human ecosystem, and that many of the
economic and social crises that fill the headlines emerge from the bad
use people make of their human ecosystem home.

The ecosystem is a preeminently integrative concept. Such inte-
gration has been the desire since the origin of urban human ecology in
Chicago, although we have seen how that early attempt fell short. An
important alternative integrative tool is the POET model, in which the
nature of social change in specific places was a function of the human
population, its organization, the environment, and technology.'" Per-
haps in ecosystem terms, we could see these as a designation of the big
components of a human ecosystem. The point is that integration and
interactions of components are key to understanding how urban sys-
tems are put together and how they change. Feedbacks are the mecha-
nisms, and both human and biophysical features are the components.

We expect that almost any ecosystem model constructed to repre-
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sent a place at the human scale of perception or action will be spatially
heterogeneous. Hence, patch dynamics as a methodological window
becomes an essential tool for understanding and working with human
ecosystems. Sometimes researchers set the boundaries of ecosystems
so as to emphasize the homogeneity within them, as when a patch is
modeled as an ecosystem or a uniformly forested watershed is instru-
mented to assess the processes within it. But even when homogeneity
is a goal, often there is some real heterogeneity within the patch that
must be understood. The uniform forest cover may shift through dom-
inance by different species from the lowest to the highest elevations in
the watershed, or small areas subject to previous human activities or
natural disturbances may be silently present within what appears to be
a uniform forest from a distance. It is best never to assume that an eco-
system delimited for some research or explanatory purpose is uniform
until it has been examined in depth. Our experience suggests that the
first best assumption about human ecosystems, and even of the patches
recognized within them, is that they are internally heterogeneous. In ad-
dition, the heterogeneity within ecosystems is associated with the mod-
ifiable areal unit problem. How heterogeneity is bounded in large units
on the ground will determine how we understand these patches.

Not all features of human ecosystems are benign. Biophysical haz-
ards as well as social constraints exist. Among the biophysical hazards are
such events as natural disturbances, along with topographic and climatic
risk factors. Wildfires, floods, tsunamis, earthquakes, tornadoes, hur-
ricanes, ice storms, and blizzards are familiar natural agents of phys-
ical disruption of system structure. Of course, in human ecosystems,
vulnerability is a hybrid condition that marries hazardous events with
socially derived structures, infrastructures, and management strategies
in a location.!? Poverty, poorly constructed infrastructure, and lack of
information are often part of the social narrative of “natural” catastro-
phes. Furthermore, the ability of an urban system or one of its com-
ponents or districts to respond to disturbance varies with the human,
social, and financial capitals that can be mobilized in response. Here
again, the concept of system resilience is relevant.

Human ecosystems, because they exhibit dimensions of spatial
(place), organizational, and temporal complexity, require adaptive deci-
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sion making. As indicated in chapter 6, decision makers’ issues present
the opportunity to define problems and approaches democratically with
a comprehensive roster of stakeholders. Selection of socially acceptable
interventions, partnerships among private and public actors, and joint
assessment of the efficacy and equitability of outcomes characterize
adaptive approaches. Engagements with community-based sustainabil-
ity planning processes and contributions of a patch dynamics approach
to measuring milestones toward meeting sustainability goals are im-
portant features of human ecosystem practices. Because interventions
by designers, planners, and managers in social-ecological systems are
necessarily place specific, a patch dynamics perspective is an important
ingredient for decision making. All such interventions can helpfully be
recognized as manipulation or generation of ecosystem components
and the consequent changes in interactions among system components.
Ultimately, management is a human ecosystem phenomenon.

One of the themes of this book has been the contrast and comple-
mentarity of ecology in the city versus ecology of the city. Of course, by
city, we mean the entirety of the urban mosaic, including old core cities,
new interstate interchange developments, suburbs of various ages, and
varieties of exurbs and urban fringe settlements. The world’s emerging
urban megaregions' are even characterized by the embedding of rural
and wild lands and by a proliferating urban-wildland interface."

Traditionally, ecology in such complex urban contexts has focused
on analogs of the wild and managed habitats that ecologists have long
studied. Such work has been termed ecology in the city, and has sought
out vacant lots as analogs of post-agricultural fields, wooded parklands
as analogs of forests, and wetlands and riparian zones tucked away be-
yond the pale of development for their own interest. This work has been
important for enhancing the quality of human life in cities, for con-
serving and restoring biodiversity in urbanized areas, and for informing
urban planning and design. But an ecology in cities takes the vast ma-
jority of the urban environment as background and context rather than
as an active part of the system of interest. In contrast to such a focus on
“green” or clearly biologically dominated patches as separate ecosystems
within the urban matrix, is the conceptualization of the entire urban
mosaic as an ecosystem in itself. This broader conception is an ecol-
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ogy of the city. It employs the ecosystem concept as inclusive of human
components and artifacts along with cultural and social meaning, in
addition to the biotic and physical components that have engaged ecol-
ogists outside of cities for more than half a century. In this sense, the
ecosystem conception is the third layer of connotation in urban areas.
The first is seemingly abstract space, the second is the lived, perceived,
and humanly valued sense of place, and the third is the ecosystem as a
human, functioning feedback complex. Ecosystem fills out the richness
of space and place.

The Future: Patch Dynamics and the Metacity

We combine the patch dynamics approach, which has been the familiar
theme of this book, with a new idea, that of the metacity, to orient us to-
ward the future. Below, we define the metacity concept and link it with
patch dynamics. While the intent of both the patch dynamics concept
and the more recent metacity concept can be both deeply technical and
applied, something of their power is indicated by the poetic intelligence
of Italo Calvino in his imagined account of Marco Polo’s reports of the
urban glories of Kublai Kahn’s empire.”” The multiple perspectives of
urban form and function recounted by Marco Polo to the kahn are in
fact different manifestations of only one city, Polo’s beloved native city
of Venice. And these perspectives focus as much on the future as on the
past, pointing to the great dynamism of the urban realm: “Journeys to
relive your past?” was the Khan’s question at this point, a question which
could also have been formulated: “Journeys to recover your future?”'®
Patch dynamics is our theoretical lens to account for the great het-
erogeneity within and among urban areas and for supporting models
of change through time. We have explored patch dynamics from several
perspectives as a contribution to understanding the city of the pres-
ent, much like the multiple images of Venice reported by Marco Polo.
But ultimately these various models can be put together to provide a
more comprehensive understanding of an urban region than any sin-
gle model, map, or history. Our patch dynamics approach recognizes
spatial heterogeneity in both the social and biophysical phenomena of
urban ecosystems. Importantly, the term urban ecosystem embraces the
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spatial mosaics and heterogeneity of place recounted in the previous
sections of this chapter. Even the term urban landscape is intended to
include the complex heterogeneity of entire urban settlements or urban
regions, not to be a label for only the green patches within cities and
suburbs, or the green tendrils in exurbs.

Patch dynamics has been shown to be a methodology that can be
shared between the social and the biophysical sciences, one that helps
both kinds of specialty measure heterogeneity but, more important, can
help them jointly pose questions and establish shared research agendas.
Patch dynamics as method and viewpoint adds understanding to the
spatial, organizational, and temporal dimensions of complexity of cit-
ies, suburbs, exurbs, and indeed entire urban megaregions. Only this is
known for sure: a given number of objects is shifted within a given space, at
times submerged by a quantity of new objects, at times worn out and not
replaced; the rule is to shuffle them each time, and try to reassemble them."”

Patch dynamics alerts us to the fact that large urban systems com-
prise smaller, changing, and interacting components. The dynamics of
the component parts are the mechanisms by which the larger system
within which they are nested either changes or remains similar in the
aggregate through time. Such dynamics can be referred to as metady-
namics. They are dynamics of the unit above the collection of contained
elements. Because of the patchy nature of urban settlements, and the va-
riety of dynamics and spatial configurations of those patches, a “meta-
city” view of urban structure and dynamics emerges. Contemplating
these essential landscapes, Kublai reflected on the invisible order that sus-
tains cities, on the rules that decreed how they might rise, take shape, and
prosper, adapting themselves to the seasons, and then how they sadden and
fall in ruins.'®

A metacity can be considered to consist of a variety of mosaic land-
scapes, each of which reflects particular perspectives on urban structure
and functioning. For example, there may be landscapes of process such
as demography, social norms, resource use, economic investment, bio-
physical regulation of environmental extremes, and the control of bi-
ological diversity, among others. Each of these landscapes has its own
spatial pattern of drivers and outcomes, and these landscapes can in-
teract to produce hybrid outcomes as well. Together, a complex array
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of patches and shifting mosaics constitutes a spatially extensive, patchy,
and mutable metacity. This conception is applicable at any scale relevant
to the consideration of urban systems, from small neighborhoods to the
largest urban megaregions."

But perhaps patch dynamics is most important, in this era of rapid
globalized urbanization, as a tool to help envision and bring about de-
sirable urban futures. Guided—we hope—by civic and democratic sus-
tainability planning, patch dynamics reminds us that urban areas are
patchy at all spatial scales. Patches have the potential to interact both
through adjacency and teleconnections,” and the entire mosaic of
patches at a given spatial scale is subject to change as patch identity,
patch size and shape, and the nature of the boundaries between patches
all shift. How these changes occur, what drives them, and what adaptive
capacities of the patches and the mosaic are established or degraded
during such change are the stuff of resilience. The catalog of forms is
endless: until every shape has found its city, new cities will continue to be
born. When the forms exhaust their variety and come apart, the end of cit-
ies begins. In the last pages of the atlas there is an outpouring of networks
without beginning or end, cities in the shape of Los Angeles, in the shape
of Kyoto-Osaka, without shape.” However, rather than give up in the
face of the novel urban forms now emerging in Bangkok or Las Vegas,
which we have discussed in chapter 4, or in Calvino’s Los Angeles and
the Kyoto-Osaka megaregion, or in cities as diverse as Kampala, Uganda
in East Africa, or the Sdo Paulo—Rio de Janeiro agglomeration in Brazil,
understanding the different kinds, scales, and changes in heterogeneity
offers a way forward.

Because there is no climax state for cities, no final industrial or
developed Valhalla, the best we can hope for is the adjustment to inter-
nally and externally driven changes and shocks. Climate change, shifts
in livelihood, changes in the fashions and identities of lifestyle, migra-
tion of persons and groups, spatial shifts in global investment and disin-
vestment, the decay and degradation of building stocks and infrastruc-
ture, and the periodic catastrophes of earthquake, storm, and flood are
among the many shocks to the familiar and sometimes socially desired
status quo. How urban systems marshal, create, distribute, or degrade
the various kinds of capital that allow adjustment to such internal and
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external shocks determines whether any given urban system or patch
within a system will meet the challenge of change. Patch dynamics is the
arena and the interactive template for resilience.”? [Kahn:] “And I hear,
from your voice, the invisible reasons which make cities live, through which
perhaps, once dead, they will come to life again.”*

The metacity, with its various landscapes or spatial mosaics de-
fined by the fluxes of material, energy, information, and people; and
by the spatial distribution of people’s individual and collective decision
making; and by the joint outcomes of fluxes and decisions, is a model
that both allows the poetry of Calvino and the rigor of urban structure,
metabolism, and complexity to be accounted for. Calvino’s vision re-
minds us of the many layers of description and the myriad perceptions
that must contribute to a spatial and dynamic view of cities and exten-
sive urban regions. There is one further bridge between the human and
the natural that we must point to in the emerging global network of
metacities. As for the character of Andiria’s inhabitants, two virtues are
worth mentioning: self-confidence and prudence. Convinced that every in-
novation in the city influences the sky’s pattern, before taking any decision
they calculate the risks and advantages for themselves and for all worlds.**

Urban Land Ethics

The environmental ethics of urban systems is the final ingredient in the
recipe for desirable futures. In the realm of the biophysical, with its at-
tention to conservation and to ecological restoration, the concern with
desirable and just futures can be labeled the land ethic. This powerful
idea, introduced by Aldo Leopold in 1949, was novel at the time for its
suggestion that it was possible to take an ethical stance toward the use
and management of land.” This is in contrast to a utilitarian view of
the land and the categorization of its animal inhabitants as beneficial
versus harmful. Leopold conceived of people, wildlife, plants, soils, and
water to be members of a single land community. He thought that the
central question of the land ethic was how to live on a piece of land
without spoiling it. The land ethic has been central to the development
of the field of environmental ethics, and it has helped guide new gener-
ations of scholars and practitioners in exploring and applying the deep
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philosophical implications of Leopold’s seminal ideas.” The land ethic
remains one of the most familiar entry points for biologists into the
complex and evolving field of ethics.

LEOPOLD’S LAND ETHIC AND URBAN LANDS

The land ethic of Leopold at first glance appears to have little connec-
tion with urban lands. Leopold’s ethic emerged from his personal ex-
perience in the management of wildlife populations in the American
West, and later with the restoration of a degraded farm in Wisconsin. In
our reading of Leopold’s essays,”” we have found the urban realm to be
absent. His own concern, and that of later applications, was and is with
ranches and farms, forests and mountain landscapes; with how to view
predatory “varmints,” wildland conservation; and with how to manage
natural resources. Leopold’s ethical stance can be viewed as moving be-
yond the utilitarian ideology of the Progressive Era during which he
himself was trained. He emphasized that people should be part of a
community of the land: that humans were obliged to figure out how to
live with the other creatures—and, by extension—the other processes
that were a feature of any landscape.

It might be argued that Leopold’s use of “land” stood in for the
ecosystem concept which, although it had been introduced in 1935, was
not yet a common idea in scientific or management discourse. Leopold
also lived at a time when a majority of Americans still inhabited small
cities, rural towns, or farms. Consequently, many of his lay readers, stu-
dents in forestry and wildlife management, and professional colleagues
would have had personal experience with farming, woodlot manage-
ment, and controlling predatory or crop-damaging wildlife. Urban sys-
tems would likely have been relatively rare or newly adopted homes in
their personal experience, and essentially irrelevant to their professional
concerns. Even many urban residents at the time had recent family his-
tories of, or close existing ties with, farms and rural livelihoods.

We argue, however, that in spite of Leopold’s personal distance
from the urban—though he ultimately became a professor at the Uni-
versity of Wisconsin in the city of Madison—the ethical door he opened
also leads into the city. A scientific argument for this stance emerges
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from the parallel we draw between Leopold’s idea of “the land” and the
current view of the ecosystem. It is an easy conceptual step from being
a member of the land community to being a part of a human ecosys-
tem. If many human ecosystems are now also urban or parts of urban
megaregions, so, then, must the ethical concerns of that membership in
that ecosystem community be retained. Urban systems are landscapes,
ecosystems—or, more simply—land in the sense of the grounded and
connected biological-social community that was Leopold’s concern.
Why not consider what a land ethic means for cities? Why not em-
brace environmental justice and environmental citizenship along with
the familiar urban concerns with social justice as an outcome and as a
process? Indeed, the increasingly common desire for sustainability in
urban systems requires equal consideration of biophysical environmen-
tal integrity, economic viability, and social equity. Because sustainability
is a normative, socially negotiated goal, it must have ethical content,
and ethical dimensions exist in all three realms of sustainability—
environment, economy, and society—as well as in their interactions.

AN URBAN LAND ETHIC AND PATCH DYNAMICS

Patch dynamics recognizes urban ecosystems as spatially heterogene-
ous or patchy. Thus, contrasts based on discrete boundaries or gradual
changes in structure and process across urban regions are fundamental
features of urban life. Patch dynamics also applies to urban areas as in-
tegrated ecosystems, embracing the physical, biological, social, and built
components. The spatial heterogeneity in each of these major catego-
ries of ecosystem structure is relevant to its function and to its inter-
action with each of the other components. The patch mosaics that are
the raw material for patch dynamics are mutable through time. Indi-
vidual patches change in composition and internal structure, change in
the kind or intensity of processes supported, and change in their degree
of connectivity to adjacent and distant patches. All of these kinds of
changes characterize the dynamic aspect of a patch mosaic. Time and
space are equal concerns of patch dynamics, as are local and distal con-
nections. In other words, patch dynamics is about differentials in struc-
ture, process, connection, and change.
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An ethical treatment of any landscape must acknowledge the
pervasive spatial structure and the differentiation of processes that exist
within that landscape mosaic. This requires knowing what role each patch
type plays in the dynamism and functioning of a mosaic. Patch dynamics
thus suggests an ethics of biophysical completeness. And because urban
patch dynamics also has social dimensions, so must an urban land ethic
take into account social inclusion—the equity of social and economic
opportunity, and the role that social segregation plays in access of per-
sons and groups to power, resources, status, and other social features.

Because patch dynamics focuses on all kinds of urban patches, the
ethical relevance of all patches is clear. Social and economic inequities
have environmental implications that can feed back quite strongly on
human well-being. Whether environmental equity can be said to exist
or not depends on how environmental hazards, benefits, social status,
and power align across space. Furthermore, inclusion, exclusion, ineq-
uity, and equity all have spatial distributions, and these are often not
static through time. Rather, there are numerous legacies of past injus-
tices that echo today; our example has been the current locations of
high vacancy and abandonment that echo the mortgage redlining prac-
tices of the early decades of the twentieth century.

AN URBAN LAND ETHIC AND ECOLOGY OF CITIES?

Under the banner of ecology in the city, an urban land ethic would focus
on the effects of human and institutional ideologies, plans, decisions,
and activities on particular “green” patches within the urban fabric.
At different times and places, such ecotopes, or ecologically important
locations within cities, might receive ethical assessment in their roles
as sacred groves, cemeteries, pleasure grounds, parks, nature reserves,
symbols of historical or cultural significance, or private property. A
utilitarian ethic of the ecosystem services that emerged from patches
dominated by biotic elements has been articulated.?® However, focusing
on specific patches seen as biological elements within the built envi-
ronment conceives of them as isolated ecosystems and suggests their
preservation and management as distinct locations. The broader ethical
stance within the paradigm of ecology in the city might be stated in a
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requirement that ecotopes must be included in the city either for human
well-being, as cultural amenities, or because of the intrinsic value of
wildlife, for example.

An example of the contrast between ecology in the city versus ecol-
ogy of the city shows both the value of biophysical inclusiveness and the
need for an ethical dimension of that inclusiveness. Under the ecology
in paradigm, one of the kinds of patches regarded as important in cities
has been riparian areas of streams. Following the model of landscape
function that emerged from agricultural landscapes, city policy makers
transferred to their management tool kit the rural approach that ripar-
ian zones would help clean urban streams. However, detailed studies
of Baltimore streams documented that the capacity of urban riparian
zones to reduce nitrate pollution was severely impaired by streambed
erosion and isolation of the floodplains from the groundwater table.
Consequently, upstream areas and their vegetated components such as
trees and pervious areas were recognized to be functionally important
in controlling stormwater amount and quality.” Thus, if there is to be
an ethical consideration, even from an instrumental point of view, of
urban riparian zones, it is not sufficient to view them as isolated green
patches. Rather, riparian function is something that has a more exten-
sive distribution throughout broader urban patch mosaics. The ecology
of the city exposes unexpected functional connections, and hence sug-
gests that the targets of ethical concern should not be isolated to biolog-
ically dominated patches.

The paradigm of ecology of cities must therefore result in a dif-
ferent approach to an urban land ethic. Rather than focus on isolated,
island-like ecotopes or green patches, the ecology of cities suggests at-
tending to the biophysical aspects throughout the urban region. Mem-
bership in the urban land community—the urban ecosystem—brings
with it the ethical consideration of numerous things, including:

* organisms, wherever they exist or move in the urban ma-
trix;

* biogeochemical processes, those that process so-called wastes
as well as those that support resources used by people;

* heterogeneous patch mosaics that permit coexistence of
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different species and social arrangements, and that support
diverse ecological functions;

+ biophysical amenities that provide cultural services as well
as those that directly affect human well-being.

In other words, the existence value, the intrinsic value, the building of
human virtue, and the duty to protect ecological structures and pro-
cesses are among the motivations for ethical consideration of all parts
of the urban ecosystem. And the urban land ethic recognizes social jus-
tice and equity, embracing its complexity and diversity of meanings. But
from my words you will have reached the conclusion that the real Beren-
ice is a temporal succession of different cities, just and unjust. But what I
wanted to warn you about is something else: all the future Berenices are
already present in this instant, wrapped one within the other, confined,
crammed, inextricable.*

It is unfortunate that an environmental ethic has been so little ex-
plored in the context of urban systems. The land ethic is traditionally
applied in wild lands, rural landscapes, and in areas where biological
conservation values are paramount. This brief discussion suggests that
there can be a land ethic for urban systems. This would complement the
well-developed ethic of social justice and social equity that exists already
for urban systems. And there is no denying the significance and efficacy
of this social view in areas of environmental justice, both in terms of the
distribution of biophysical goods, services, and hazards, and in the just
civic and institutional procedures for allocating those benefits and bur-
dens. But what of the ethics of the use and abuse of the biophysical com-
ponents of urban ecosystems? This question is modestly investigated
or acted upon. What is the ethics of the ecology of all urban patches,
even those that are not obviously “green”? The rubric of sustainabil-
ity is one attempt to bring environment into the normative fold, of
course. Because sustainability is a civic and democratic set of goals that
by definition embraces environmental, economic, and social outcomes,
it suggests that an ethical treatment must exist in all three constituent
realms and in their interaction. What this means is an open frontier of
scholarship and civic dialog for which we have only questions at this
time. We might rephrase Leopold’s question about the land ethic for the
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urban situation: “How can we share a lived place without ruining it?”
Who shares, including individuals, groups, biota, fluxes, and structures?
What is the implication of an urban land ethic for planning, design, in-
tervention, and restoration? What are the just procedures and outcomes
of inclusive environmental justice in urban systems? How might a sense
of place and the recognition that urban areas are ecosystems in whole
and in part influence the articulation and application of an urban land
ethic? These are ethical questions that will help guide a patch dynam-
ics approach toward equitable and resilient futures for our emerging
metacities.
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Further Readings

Readers may seek greater depth in some of the ideas and topics identified in this book.
We provide the following readings, organized by topic and then in chronological order.
We also list The BES Urban Lexicon. As we note in chapter 4, interdisciplinary projects
benefit from developing and formalizing a shared vocabulary. The BES Urban Lexicon
is such an example for urban ecology research. Updated on an ad hoc basis, it is freely
available to anyone who wants to use it and open to contributions outside of BES. We
welcome additons that you might have to offer in this endeavor to further the goal of
nurturing a larger urban ecology community.
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