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Abstract  
 

In an era of unprecedented population expansion and rapid development, landscapes and 
human settlements are increasingly affected by the deleterious consequences of poorly planned 
growth.  In recent years, green infrastructure planning has emerged from the environmental 
design disciplines as an alternative approach to status quo development with the capacity to 
maintain ecosystem functions and foster community interaction.   

In an effort to assess the prospects of “green infrastructure” oriented planning, policy, 
or project implementation as an alternative approach to development, I engage in an in depth 
analysis of the elements surrounding the evolution of the idea, examine current regional and 
international efforts in dual-case study format, and speculate about the applicability of green 
infrastructure concepts in a development context.  I assert that concerted green infrastructure 
planning can serve to protect sensitive ecological networks, provide feasible alternatives to 
unsustainable growth, and build social capital.  I conclude that the combination of these 
elements has the potential to foster sustainable growth both in the United States and the 
developing world, but should only serve as a component of more holistic development plans.   
 
Introduction 

Evolving, shifting, revolving . . . 

 Since its planetary inception, the Earth has existed in a constant state of active 

transformation.  From geologic metamorphosis to species evolution, climate variation to 

ecosystem adaptation, change is endemic to the Earth dynamic.  However, as technology and 

ingenuity have favored the mass expansion of the human element, mankind has become a force 

whose magnitude and speed threaten to alter the system in unforeseen and potentially 

unsustainable ways.  Although manifestations of this human driven change are present at various 

scales and extents, a particularly palpable example is the radical transformation of the global 

landscape.    

In the decades to come, landscapes worldwide are projected to assume an increasingly 

urban form.  Fueled by factors such as rapid population growth and shifting livelihoods, the 
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number of urban dwellers is set to rise dramatically and double by 2040 (Sandstrom 2002).  This 

influx of urbanites could not only intensify pressure on infrastructure, resources, and municipal 

services, but also catalyze the outward expansion of the urban domain into remaining open lands 

or sensitive natural areas.  Tangible evidence of such “sprawl” and its detrimental effects is 

apparent in cities from Tucson to Teguchigalpa . . .  

As such, intensifying urbanization has captured the attention of development architects 

across the globe concerned with its social and environmental implications both within and 

beyond the urban realm.  Specifically, current urban and land use planning and conservation 

efforts from the grassroots to the international level frequently illustrate a heightened awareness 

of imminent growth and make provisions to steer it towards more sustainable, equitable, and 

livable realities.  

Green Infrastructure is . . . ?   

Accompanying this more intense recognition of impending urban dilemmas has been a 

planning focus on “green:” green spaces, greenbelts, greenways, green building, and most 

recently, green infrastructure.  Subject to various interpretations depending on context, green 

infrastructure can be referred to in an arboreal sense: tree networks within the metropolitan area, 

forests; a hydrologic capacity: watersheds and storm-water buffers; and an open space 

framework: linked public parks.  It encompasses both a concept and a process and is holistically 

defined by Benedict and McMahon as:  

 An interconnected network of waterways, wetlands, 
 woodlands, wildlife habitats, and other natural areas; 
 greenways, parks and other conservation lands;  
 working farms, ranches and forests; and wilderness  
 and other open spaces that support native species, 
 maintain natural ecological processes, sustain air and 
 water resources and contribute to the health and  
 quality of life for communities and people. (2002) 
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For the purposes of analysis, green infrastructure can be evaluated on a component basis, or 

assessed in its entirety - considered at its smallest scale, or expanded to include multiple 

elements working in conjunction with one another. 

Green Infrastructure and Development 

 Just as traditional gray infrastructure accommodates human necessities and activities with 

roadways, sewers, electrical lines, and other man-made networks, green infrastructure provides a 

natural support system that can enhance human vitality via ecosystem stability.  In fact, the 

creation, restoration, and maintenance of green infrastructure often reduces dependence on gray 

networks by allowing natural processes to perform the functions conventionally relegated to gray 

infrastructure.  In addition to the benefits associated with natural systems stability, green 

infrastructure can serve to increase property values in adjacent developments, provide health 

enhancing respites and recreation areas, and reduce urban heat island effects (Benedict et al 

2006).   

Currently, high costs and technically challenging engineering often hinder the provision 

of adequate gray infrastructure, particularly in the developing world where lack of access to 

sanitation services or clean water is a disappointing norm.  Faced with intensifying 

environmental degradation, infrastructural insufficiency, and a steady increase in demand for 

services due to urban expansion, it is clear that alternative means must be explored that will meet 

the needs of diverse populations and sustain the ecology of the landscapes they inhabit. 

Statement of Purpose 

In order to develop a better understanding of the prospects of “green infrastructure” 

oriented planning, policy, or project implementation as an alternative approach to development, I 

engage in an in depth analysis of the elements surrounding the evolution of the idea, examine 

 4



current regional and international efforts in dual-case study format, speculate about the 

applicability of the concepts in a development context.  

Specifically, I study the forces that provoked an “environmental/social” response by 

focusing on urbanization, sprawl, and their accompanying maladies.  I then briefly trace the 

development of an “environmental” conscience and link this evolution to the popularization and 

spread of the concept of “sustainability.”  Next, I locate green infrastructure within the 

sustainability framework, and explore its own conceptual evolution. 

To provide a base of reference and overall structure for my research, I operate under a 

working definition of green infrastructure that expands upon that offered by Benedict and 

McMahon to include efforts at the individual and community level involving processes generally 

considered to pertain to green building or green design.  Particularly, I study conservation 

subdivision design and rainwater harvesting and consider these efforts in contrast to larger scale 

conservation initiatives.   

For my two case studies, I combine ethnographic findings and complimentary research to 

present a sampling of green infrastructure related projects at distinct scales.  I first examine the 

broad-based efforts of the Sonoran Institute to promote the conservation of open/ green spaces 

and adoption of sustainable land use policies in one of the fastest growing counties of the United 

States, Pinal County, Arizona.  I then explore the grassroots efforts of the Bureau of Applied 

Research in Anthropology (BARA) to utilize green lot expansion and rainwater harvesting to 

enhance environmental quality and livability for residents of the “fringe” communities of 

Colonias del Sol and Flores Magon in Nogales, Sonora, Mexico.  In both case studies, I explore 

the impact of scale and community involvement on the successful creation and implementation 

of green infrastructure projects.  
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I proceed by drawing on the knowledge garnered from both ethnographic case studies 

and my background research to speculate about the prospects of green infrastructure planning as 

an alternative development option.  I assert that concerted green infrastructure planning can serve 

to protect sensitive ecological networks, provide feasible alternatives to unsustainable growth, 

and build social capital.  I conclude that the combination of these elements has the potential to 

foster sustainable growth both in the United States and the developing world but should only 

serve as a component of more holistic development plans.   

Sprawling Urban Shenanigans 

 Sprawl and urbanization are not new additions to the development conundrum; they are 

however, increasingly influential in their ability to significantly alter landscapes, exacerbate 

ecological imbalance, and sustain inequitable social 

structures.  Propelled by factors ranging from 

affordable housing in the exurbs1 or suburban 

“security,” to economic opportunity in the metropolitan 

core, the urban realm is expected to continue its 

outward expansion and inward densification in the 

decades to come.  As a result, or perhaps as part of the impetus, 57 percent of the world’s billions 

and booming population will be classified as “urban” by 2030 (De Toro 2003).  This implies that 

cities that are already scrambling to provide infrastructure and housing, suffering from ecological 

modification, and confronting the juxtaposition of extremes in wealth and poverty, will be forced 

to scramble even more unless there are marked changes in the current patterns of territorial 

consumption.  

 
 “Current metropolitan growth 
and development patterns are 

our biggest single sustainability 
issue.” 

 
                    - John Barnett 
                     New Urbanist Planner 

                     Redesigning Cities, 2003 

                                                 
1 Exurbs: areas between rural and suburban settlement.  
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In order to fully comprehend the future of urban settlement and development, and to 

eventually arrive at an analysis of potential shifts in “territorial consumption,” it is useful to 

examine the factors that have lead to sprawl or urbanization both within the United States and 

abroad in the developing world.  Those elements that have shaped urban dynamics in the U.S. 

are quite distinct from those that are at work in developing nations, and need to be considered as 

such despite the tendency of both scenarios to produce similar environmental and social justice 

dilemmas. 

Urban Evolution in the United States 

 Over the years, U.S. metropolises have been subject to myriad technological advances, 

planning policies, federal programs, and social pathologies that have encouraged landscape 

conversion near the urban fringe, and facilitated outward expansion in the form of sprawl2.  

Among the most significant of these are the increased production and efficiency of the 

automobile, the extension of the interstate highway system through the Interstate Highway Act of 

1956, and the post World War II availability of Veteran’s Homeowners Association (VHA) and 

Federal Homeowners Association (FHA) mortgages and interest deduction from the 

Serviceman’s Readjustment Act of 1944 (Barnett 2003; Ruben 2001).  These factors made 

possible the development of previously unfeasible lands by providing auto-centered transit 

options from the urban core to suburban settlements miles away, and finance for construction 

and home ownership to a select population3.   

Currently, sprawling housing and development continue to devour exurban and rural 

farmlands, forests, and open spaces at rates that surpass those that would normally be expected 

                                                 
2 Defined by planner John Barnett as “low-density urban development rapidly spreading across rural areas; it may 
seem unplanned but is actually the result of complex interactions among government regulations and private 
industries” (288).  In the Tucson General Plan, it is “haphazard growth or outward extension of a city resulting from 
uncontrolled or poorly managed development; often referred to as “leapfrog” development” (A-10). 
3 In this era, white upper-middle class. 
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due to population growth.  In fact, across the United States, rates of land conversion far  

exceed population growth and in the period between 1982-1997, urbanized land increased by 47 

percent while the population grew by only 17 percent; in more alarming cases, urbanization has 

proceeded unchecked despite decreases in population (Benedict et al. 2006).  Unfortunately, this 

trend is prevalent throughout the United States, particularly in the exploding west where 

development in the suburbs, exurbs, and rural remnants has resulted in the continuous collision 

of natural systems and open spaces, ranching and farming interests, and private development. 

Table 1 

Population Growth and Land Development, 1982-1997 
U.S. Region Change in Population Change in Urbanized Land 
Midwest 7.06% 32.23% 
Northeast 6.91% 39.10% 
South 22.23% 59.61% 
West 17.02% 48.94% 
Total U.S.  17.02% 47.14% 

Source: William Fulton, Rolf Pendall, Mai Nguyen, and Alicia Harrison, Who Sprawls Most? How Growth Patterns 
Differ Across the U.S., The Brookings Institution, Survey Series, July 2001, www.brook.edu/es/urban/publications. 

 
Lured by spacious acreage, natural vistas, affordable housing, or the “safety” of distance 

from urban crime and poverty, those who consign themselves to the daily suburb to city 

commute are subject to hours on the road spewing carbon gases all to get from work to home, 

from school to home, from the grocery-store to home, etc.  As they venture further and further 

out, and devote copious amounts of time to transit4, landscapes, ecosystems, and social networks 

become fragmented posing a threat not only to flora, fauna, and natural processes, but also to 

social capital, and equity.   

 In the United States, this sprawl induced social fragmentation manifests itself both in the 

lack of community cohesion and anonymity that often accompany suburban life, as well as in the 

abandonment of the inner city to those without the means to “flee” what has frequently been 

                                                 
4 Often unaccompanied in personal automobiles.   
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constructed as a pathological site of decay to be escaped, avoided, or completely 

renewed/revitalized (Milgram 2002; Wirth 2002).  In the case of the former, auto-oriented life 

and a growing fear of human interaction contribute to the production of isolated settlements and 

gated communities that are meticulously walled off and spatially segregated from urban 

“outsiders” (Davis 1992; Low 2001).  In the case of the latter, the neoliberal model of private 

development in the urban periphery has resulted in the “political-economic homogenization” of 

the suburban realm, and has reframed the urban core as a commodity or destination rather than as 

a place of residence (Ruben 2001). 

 In both cases, the spatial separation associated with suburbia and sprawl has historically 

been linked to class and racial marginalization.  This is especially evident in the destructive 

redlining5, “slum” clearance, and proliferation of modernist housing projects that characterized 

planning practice throughout the 1950s and 60s.  Operating under the assumption that 

displacement, gentrification, and exclusion were justified in the name of growth and “progress,” 

public policies and government initiatives systematically declared areas of the urban core 

blighted to make way for interstate exchanges, arenas, community centers, or private 

developments that would temporarily draw citizens to urban centers. 

 Interestingly (or outrageously), this subjective selection of areas for “urban renewal” 

often involved the taking of land, homes, small businesses, and centers of cultural significance 

that previously formed the roots of vital, fully functional communities; even more interestingly, 

those areas affected often happened to be predominantly black, ethnically diverse, or of lower 

socio-economic status (Fullilove 2005).  Hence, instead of devising development initiatives that 

encouraged/increased social interaction, equity, or the preservation of livelihoods, government 

                                                 
5 “The practice of denying mortgage loans for properties in some areas of a city, now illegal.  The term derives from 
actual color-coded maps once produced by U.S. government agencies” (Barnett 2003).   
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officials and private developers opted to blatantly and inhumanely disregard those sectors of 

society that served as impediments to growth by treating them as objects to be shuffled around, 

demolished, or displaced at will.   

There was no concern for the potential obliteration of social capital, the shock and 

psychological distress of upheaval6, the loss of a sense of place and identity, or the input and 

desires of those communities who were targeted and sent packing.  Prevented from heading to 

the suburbs or relocating themselves and their families in trans-class or trans-race neighborhoods 

by redlining and transit limitations, the displaced were directed into towering projects of 

exclusion marketed as housing “improvements,” or were forced to seek out virtually nonexistent 

housing alternatives.   

Far from the lively street life and connectivity of their previous neighborhoods, those 

who went the public housing route were backed into a realm of territorial stigmatization and 

incessant urban poverty (Wacquant 1993).  Overtime, housing projects like the Cabrini Greens in 

Chicago developed into ghettoized, virtual breeding grounds of unemployment, crime, neglect, 

and psychological disrepair that ironically7 substantiated the pathological concerns of those who 

had abandoned urban cores in search of suburban security.  In a self-fulfilling prophecy, the 

suburban exodus made possible the increasing degradation of inner cities and downtowns. 

This deliberate detachment from the ghettoes, and social degradation “urban renewal” 

helped to create did not just spatially segregate populations; it economically disadvantaged those 

who hailed from stigmatized areas by making it increasingly difficult for them to shake their 

connection with socially constructed and architecturally enforced marginalization.  To make 

                                                 
6 Root shock: “The traumatic stress reaction to the destruction of all or part of one’s emotional ecosystem” 
(Fullilove 2005)   
7 Modernist urban renewal actually ended up worsening urban dynamics and provided fodder for “white flight” 
mentality (Fullilove 2005).  
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matters worse, development on the urban fringes drew jobs and resources for services and 

infrastructure out of the city, serving to further exacerbate economic barriers and urban lack.   

Fortunately, the overwhelming social and environmental destruction associated with 

“urban renewal” planning and suburbanization has now been realized, and most planning efforts 

in the United States today are focused 

on the creation of policies that 

encourage sustainability across 

environmental and social realms.  This 

has resulted in increased attention to 

“smart growth8” initiatives, downtown 

revitalization efforts, mixed-income 

housing developments, open space 

conservation, and other innovative measures which seek to enhance quality of life and interaction 

among members of all socio-economic backgrounds, while securing the long term vitality of 

ecological systems.  Green infrastructure planning is among the most recent additions to the 

planner’s arsenal as an approach that can serve to not only bridge social divides through 

participatory processes, but also sustain ecological networks. 

 
“Sprawl is bad esthetics; it is bad 

economics.  Five acres are being made 
to do the work of one, and do it very 

poorly.  This is bad for the farmers, it is 
bad for communities, it is bad for 

industry, it is bad for utilities, it is bad 
for the railroads, it is bad for the 

recreation groups, it is even bad for the 
developers.” 

 
- William Whyte 

Urban Visionary and Sociologist 
The Exploding Metropolis, 1957 

 Unfortunately, development dynamics in the United States still frequently exhibit the 

unharmonious collision of man and nature in urban, suburban, and exurban landscapes, and 

continue to promote spatially intensified inequity despite acknowledgement and efforts from 

planners, environmentalists, and concerned citizens alike to combat this troubling tendency.  

Nevertheless, the adoption of sound land use policies and growth practices begins with problem 

                                                 
8 “A clever slogan, no one wants the opposite, to describe efforts to manage new development that avoids sprawl.  
The term is also a way to distinguish managing growth from trying to stop growth” (Barnett 2003). 
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recognition and the formation of creative solutions; perhaps the expansion of green infrastructure 

planning and implementation has the capacity to foster a more sustainable future for American 

landscapes and society. 

Urban Trends in the Developing World 

 Although urban growth in the developing world displays many of the same elements of 

territorial stigmatization and rampant landscape transformation as the United States, there are 

distinct differences in both the spatial arrangement of development and social spheres, the 

direction and flow of urbanization, the ability of governments to cope with demand, and the 

types of threats to the environment and human health associated with the haphazard extension of 

the urban realm.  Due to factors such as globalization, the liberalization of the state, shifting rural 

livelihoods and rural poverty, and an inability to coordinate economic development, urban 

planning, and land allocation (Ooi et al. 2007), urban areas in the developing world are faced 

with overwhelming pressures on ecological systems and municipal services.  The result is often 

environmental degradation, the development of unsanitary conditions that threaten human health, 

stratified centers of crime and violence, and a failure to provide adequate housing and 

infrastructure for the most vulnerable populations of the developing world.   

 This clash of poverty, environmental injustice, danger, and disease is most evident in the 

slums, shanty-towns, favelas, and colonias9 of the developing world where those without the 

means or opportunity to settle in the urban core are forced to spill out into peripheral settlements 

characterized by makeshift dwellings and irregular expansion.  Disconcertingly, estimates 

                                                 
9 The terms slum, shanty-town, favela, and colonia referred to here and somewhat interchangeable and describe a 
wide range of low income settlements and/or poor living conditions (UN Habitat 2003); Lieberherr-Gardiol, 2006 
defined a slum as “a heavily populated urban area characterized by substandard housing and living conditions;” and 
identified common characteristics as: “a lack of basic services, illegal or inadequate building structures, 
overcrowding and high population densities, unhealthy living conditions and hazardous locations, insecure tenure 
and irregular informal settlements, poverty and social exclusion.” 
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suggest that between 25 to 70 percent of urban dwellers are inhabitants of informal dwellings 

that form on the fringes of urban centers and society (Durand-Laserrve 2002).  In fact, studies 

conducted by UN-HABITAT purport that “some 923,986,000 people or 32 percent of the 

world’s total urban population, live in slums; some 43 percent of the urban population of all 

developing regions combined live in slums;” and “some 78 percent of the urban population of 

the least developed countries live in slums” (2003).       

 With statistics as alarming as those presented by the UN, it is not difficult to imagine the 

magnitude of the strain on developing cities that are already struggling to provide services, 

affordable housing, and reliable infrastructure to those residing within the urban territory, let 

alone to those coping with deplorable conditions in the urban perimeter.  What is difficult to 

fathom is the direct impact of spatial marginalization, extreme lack, perilous environmental 

pollution, and intermittent (or nonexistent) water or sanitation services on the millions of 

vulnerable individuals and families forced to inhabit risk-riddled settlements. 

 One tangible consequence of slum development is the continuous threat to the health and 

well-being of residents of informal housing whose physical surroundings and environmental 

conditions often expose them to an array of noxious pollutants, carcinogenic construction 

materials, raw sewage and compounded waste, malady toting pests, and myriad communicable 

and incommunicable diseases (Shueya 2007).  Distressingly, environmental factors (such as 

those afore mentioned) account for “25 percent of all preventable ill-health” with diarrheal and 

acute respiratory infections being the most common assailants to the human body (WHO 1998).  

These physical affronts are in addition to the psychological stress associated with living in a 

constant state of instability and uncertainty, and to the lack of peace of mind, difficulty 

concentrating, and overall decline in mental health that stem from life in a lawless environment.   
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Accompanying this pressure on human health is an attack on one’s feelings of self-worth 

and sense of belonging to greater society.  Due to the negative connotations and associations 

placed on slums and their inhabitants, those who call informal settlements home are often 

relegated to a position not only “outside the city,” but also “outside society” (Lieberherr-Gardiol 

2006).  In a trend that parallels the historic segregation of the urban poor in the United States, 

residents of peripheral dwellings are affected by their isolation and degraded by the territorial 

stigmatization that weighs upon their every attempt to become an integral part of urban society.  

Categorized as dangerous threats (Body-Gendrot 2000), those who dwell in the fringes are often 

intentionally relegated to their realms of lawlessness by governments and political decision-

makers who lack the creativity or financial tools to provide the support, services, rights, and 

opportunities that inhabitants of the urban periphery desire, demand, and deserve.   

 

 

 

 

 

“From Lagos to Sao Paulo to Dhaka slum dwellers subsist outside the formal economy 
amid raw sewage and along toxic rivers, building shacks on unstable hillsides or in 

flood plains, picking though garbage or discarded electronics to earn a dollar a day.” 
 

- Mike Davis 
Urban Anthropologist, Sociologist 
           Planet of Slums, 2004 

 

In a disturbing continuation of segregation and stratification, the labeling of the urban 

poor as “dangerous,” “outsiders,” or “others” fuels notions of fear in the hearts and minds of 

existing urbanites whose trepidation of contact with “undesired” members of society compels 

them to seek out physical and spatial isolation.  The result is the development of fortified 

enclaves and walled cities where human interaction is intentionally discouraged by the creation 

of defensive architecture and design.  Socially, this deliberate separation of different sectors of 

society exacerbates disparities and provides a tangible physical reinforcement of marginalization.  
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 A primary motivator behind the increase in defensive architecture and planned exclusion 

is a growing sense of fear and distrust in the stability of society as a whole, and a tendency to 

perceive migrants and “squatters” as miscreants to be avoided.  This has resulted in increasing 

investment in security features (such as armed guards and alarm systems) and surveillance 

technology to protect those members of society with the means to inhabit defensible spaces 

(Bakalaki 2003).  As part of their retreat to the realm of gates and constant monitorization, 

inhabitants become accustomed to life in “mini-worlds” where home-car-work-car-home 

becomes the daily reality, and interaction with diverse sectors of society is limited, as intended.   

In addition to blatant marginalization and its associated societal dilemmas, the spatial 

segregation of citizens through defensive architecture can also decrease social mobilization for 

the provision of public services, and impede efforts to combat infrastructural deficiencies (Tesh 

2008).  This can be attributed to the ability10 of those living within urban enclaves and fortified 

cells to attempt to “solve public problems with private solutions” (Burt 2006).  As neoliberal 

policies continue to shape development dynamics by controlling state involvement and affecting 

the capacity of the government to supply effective public goods such as housing, infrastructure, 

and services11, the private sector or civil society are frequently relied upon to step up and fill in 

the “gaps.”  Within this structure, citizens with the means to alleviate state insufficiency often 

take matters into their own hands and direct their efforts away from concerns pertaining to the 

well-being of society as a whole and towards the resolution of personal dilemmas.   

For example, when faced with unreliable water service, the able buy bottled water; when 

frustrated with a lack of educational opportunities, the privileged send their children to private 

schools; when confronted by the societal effects of poverty and lack of affordable housing, those 

                                                 
10 or perceived necessity 
11 Schools, hospitals, police, fire . . .  
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willing to pay flee to fortified enclaves (Davis 1992).  As a result, causes championing the right 

to clean water, sanitation services, equitable housing, and spaces of public interaction for 

everyone - for all citizens – loose momentum.  They end up on the shoulders of the marginalized 

and struggling whose daily burdens are already heavy loads to bear.   

This demobilizing mix of privatization, stigmatization, marginalization, social 

stratification and environmental degradation hinders the creation of sustainable urban centers in 

the developing world, and the United States alike.  As long as this dastardly combination 

continues to shape the global growth modus operandi, sprawling, inequitable, and largely 

unsustainable development will persist . . . 

The time for intervention and development reformation is now; the trends are clear, the 

implications are unsettling, and the threat of unplanned and unregulated growth to urban 

populations and environments is looming and eminent, if not already evident.  Given this 

projected urban disarray, the need for ingenuity, creativity, and foresight in urban design and 

land use planning is imperative, as is the mobilization of citizens around the world to take 

matters of inequity and urban “greening” into their own hands.  It is the integration of 

progressive concepts into strategic or comprehensive city plans combined with citizen action that 

allows sustainable cities to be envisioned and realized.   

The Response 

The idea that cities should be “green,” livable, equitable places to live, work, and play is 

not a novel concept; it is the product of decades of evolving theory, practice, philosophy, and 

research about the appropriate relationship between man and the environment (Benedict et al. 

2006).  However, the prevalence of individuals, municipal planning departments, national 

councils, and intergovernmental development agencies touting “sustainability,” “smart growth,” 
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or the integration of “green infrastructure” into anything from neighborhood plans to operational 

goals is relatively recent and is illustrative of a growing environmental and social consciousness 

worldwide. 

Both in the United States and abroad, notions of environmentalism have evolved over the 

years to such an extent that few development agendas today fail to push for - or make reference 

to - futures founded in “ecologically friendly” or “environmentally sound” practices.  With roots 

in the mobilizing milieu of the 1960’s, “environmentalism” as a social movement gained 

momentum after Rachel Carson’s 1962 release Silent Spring that tracked and criticized the 

alarming effects of human growth and industry on the environment (Tesh 2008).  It was the first 

major time the natural world was considered in a context of vulnerability to human actions, and 

her revelations ushered in a new era of social mobilization for environmental causes.   

Operating within the space created through the broadening of environmentalism both in 

the U.S. and across the globe, development proposals began to integrate concepts with “green” 

inclinations and in 1983 and 1987, “sustainability” and “sustainable development” made their 

debut at the first meetings of the United Nations’ World Commission on Environment and 

Development, or Brundtland Commission.  A rather ambiguous idea, “sustainable development” 

has been interpreted and reinterpreted myriad times since its Brundtland birth, but was originally 

defined as development that “meets the needs of the present without compromising the ability of 

future generations to meet their own needs” (World Commission 1987).   

Although it appears to have been primarily focused on environmental components at its 

earliest formation, the theoretical framework of “sustainable development” has since expanded 

and is generally perceived to depend on the achievement of three distinct goals working in 

conjunction with one another: (1) environmental quality, (2) social equity, and (3) economic 
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development (Levy 2006).  In this capacity, sustainable development attempts to fuse 

environmental, social, and economic concerns and proposes that “sustainable” progress in any 

one area is less feasible without concerted efforts to secure progress in the other two.   

In its purely environmental state, or in its triad manifestation, “sustainable development” 

has raced through the halls, classrooms, and applied research centers of academia, wheedled its 

way into government policies, and presented itself as the main objective of U.S. and international 

development agencies and organizations worldwide.  In its popular rampage, it has inspired 

numerous methodologies, approaches, and commitments to achieving “sustainable 

development,” ranging from the “Sustainable America” report of the President’s Council on 

Sustainable Development12, to the UN Millennium Development Goals13, to the urban objectives 

put forth by HABITAT/Istanbul + 514.   

 Common to most documents that reference the “s” word is an attempt to clarify how one 

might transfer the idea – the written concept - into substantial actions that measurably foster 

                                                 
12 Officially titled Sustainable America: A New Consensus for Prosperity, Opportunity, and a Healthy Environment 
for the Future, this report was released in February 1996 by the President’s Council on Sustainable Development 
(then President Clinton).  Motivated by Brundtland-esque notions of sustainability, the ideas behind the goals are 
best captured in the council’s vision statement: “Our vision is of a life-sustaining Earth.  We are committed to the 
achievement of a dignified, peaceful, and equitable existence.  A sustainable United States will have a growing 
economy that provides equitable opportunities for satisfying livelihoods and a safe, healthy, high quality of life for 
current and future generations.  Our nation will protect its environment, its national resource base and the functions 
and viability of natural systems on which all life depends” (President’s Council 1996).  It’s primary goals are to: 
relate to: “1) environmental health, 2) economic prosperity, 3) equity, 4) conservation of nature, 5) stewardship, 6) 
sustainable communities, 7) civic engagement, 8) population stabilization, 9) international responsibility and 
leadership, and 10) equal access to educational opportunities” (President’s Council 1996).   
13 The goals established as a result of the September 2000 United Nations Millennium Summit.  Adopted as part of 
the “global agenda” and agreed by all member countries, they aim to: “1) eradicate extreme poverty and hunger, 2) 
achieve universal primary education, 3) promote gender equality and empower women, 4) reduce child mortality, 5) 
improve maternal health, 6) combat HIV/AIDS, 7) ensure environmental sustainability, and 8) develop a global 
partnership for development” (http://www.un.org/milleniumgoals/).  Although all goals work together to promote 
sustainability, goal number 7 is particularly relevant to urban environmental health and sustainability.  Controversy 
exists over the feasibility of realizing these goals by the 2015 time frame set by the member countries, but studies 
and monitorization indicate that progress is indeed being made in several key areas, particularly those related to 
human health.   
14 The resultant objectives of the June 6-8, 2001 Special Session of the UN General Assembly; assert that efforts 
must be made worldwide to secure 1)“adequate shelter for all,” and 2) sustainable human settlement development in 
an urbanizing world” (De Toro 2003). 
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“sustainable” development.  Despite ample skepticism about the likelihood and legitimacy of the 

implementation of sustainable practices15, there has been no significant reduction in the breadth 

of development-related agendas that pay homage to “sustainable” roots or are motivated by 

“sustainable” ambitions.  The fields of urban and land use planning and community development 

planning are no exceptions, and from conservation easements to community networks to green 

infrastructure, efforts to approach urban sustainability from a planning perspective are on the rise 

. . . 

The Green Network Approach 

 The current increase in consideration of “sustainable” urban planning and development 

practices like “green infrastructure” can be greatly attributed to the burgeoning global penchant 

for environmentalism and sustainability (“green”) discussed above; however, concerns about the 

pressing need to direct urban growth towards greater stability and cohesion across social and 

environmental spheres has repeatedly been a source of distress for various urban visionaries, 

designers, philosophers, anthropologists, landscape architects, scientists, and government 

officials over the course of the last two centuries.  It is the combined contributions of these 

“people and nature” oriented analysts and futurists that eventually lead to the development of 

“green infrastructure” planning within the sustainability framework.    

Perhaps the most critical component of what would eventually constitute green 

infrastructure planning is the push from forward thinking individuals to expand efforts in the 

United States and abroad to conserve land and preserve vital natural resources and habitats.  

From George Perkins Marsh’s call for conservation management of forested lands in his 1864 

publication of Man and Nature, to landscape architect Frederick Law Olmsted’s preservation of 

                                                 
15 For example:  What is being sustained, and for whom?  Sustainable until when? – can one actually determine time 
frames?  Are not the terms “sustainable” and “development” natural opposites and is there not any way that the two 
could actually be utilized or implemented in tandem?   
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parks, floodplains, and river basins in his creation of Boston’s Emerald Necklace16 - Theodore 

Roosevelt’s establishment of the National Park System17, to growing investment in nature 

reserves in countries throughout Latin America and the “ecologically sensitive” world - the 

protection of valuable lands and ecological systems has become an increasingly essential 

practice, particularly in an era of ever-more-ominous development pressures. 

Along with the expansion of conservation endeavors, another influential development in 

the advancement of the green infrastructure platform has been the critique and redirection of 

planning and design to incorporate more sustainable practices in urban environments.  Among 

the most influential and civically active in their identification of - and public outcry against – 

deleterious development, are William Whyte and Jane Jacobs.  In the case of the former, Jacobs 

was greatly disturbed by the “modern18” planning that characterized mid-20th century urban 

development and resulted in social stratification, automobile dependence, and the destruction of 

viable communities, streetscapes, and public spaces (Jacobs 1961).  Her criticisms are captured 

in her 1961 release The Death and Life of Great American Cities that harangues city planners for 

their failure to recognize and sustain successful urban centers, and urges society to embrace a 

renewed interest in the relationships between people and spaces - humans and the built and 

natural environment. 

For Whyte, suburban sprawl and its associated urban decay, inefficiency, and detrimental 

landscape transformation occupy the majority of the critiques presented to the public in his The 

Exploding Metropolis: A Study of the Assault on Urbanism and How Our Cities Can Resist It of 

                                                 
16 Series of linked linear parks in Boston.   
17 Events borrowed from Benedict and McMahon’s chart “the Rise of Green Infrastructure” in Green Infrastructure: 
Linking Landscapes and Communities, 2006.  For a more detailed historical evolution, see table 2.1, pages 24-25.   
18 Le Cobusier inspired city planning that sought to “eliminate the street” and “constrict the social universe” into 
architecturally delineated public and private zones in a “coherent and predictable pattern of solids (buildings) and 
voids (spaces)” (Low 2005).   
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1957, and subsequent novel The Last Landscape of 1968.  Although both works increase 

awareness about the need for intelligent urban design, it is his later publication that addresses the 

numerous shortcomings of poorly planned development and offers “a legal toolbox to combat 

urban sprawl including cluster zoning, conservation easements, greenbelts, scenic roads, and tax 

abatements” (Platt 2006).   

These very concepts appear today in the “smart growth” initiatives and New Urbanist19 

principles that have become popular in municipal planning and development jargon, and have 

helped to establish a solid foundation for “green infrastructure” inspired development.  They 

compliment the environmentally sensitive design contributions of individuals like Ian McHarg 

who in his 1967 publication Design with Nature argued that the landscape and natural processes 

should direct development, and that environmental context should serve as the driving 

motivation behind design.  He pioneered the concept of “physiographic determinism” using 

overlay techniques that served as the basis of geographic information systems (GIS) 

development and suitability analysis20, both of which are heavily utilized to direct large scale, 

green infrastructure planning today (McHarg 1994).    

While conservationists and engaged professionals exposed and expounded upon the 

destructive effects of “modern” planning and sprawling settlements, and advocated regional 

environmental design, other creative entities from the scientific community developed the 

biological and ecological basis for planning that links habitats, builds social networks, maintains 

green spaces, and secures ecosystem stability.  Perhaps the most significant scientific 
                                                 
19 Refers to those principles and design guidelines established in the “Charter of the New Urbanism” developed in 
1993 by the Congress for the New Urbanism (C.N.U.).  The C.N.U advocates (among other things) the 
“reconfiguration of sprawling suburbs into communities of real neighborhoods and diverse districts, the 
conservation of natural environments, and the preservation of our built legacy” (Barnett 2003).    
20 Suitability analysis and the identification of areas that are “most suited” for conservation (and therefore least 
suited for development) or “least suited” for conservation (and therefore best suited for development) are still key 
determinants of green infrastructure planning on a regional scale.  For examples see McHarg’s Design with Nature, 
pages 153-161.    
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developments for green infrastructure applications are those that emerged in the fields of 

conservation biology and landscape ecology.   

Often described as “a ‘crisis’ discipline, conservation biology strives to “provide 

principles and tools for preserving biodiversity” while focusing on the long-term “viability and 

persistence of functioning 

ecosystems” (Soulé 1985).  An 

integrated approach to land 

management, it pulls ideas and 

theories from a variety of scientific 

backgrounds, and has gained 

prominence as a practicable science 

in the last 30 years21.  It is unique in that it utilizes objective evidence in conjunction with 

substantial ethical support to formulate a sound argument for forward-thinking ecosystem 

management.  Conservation biology is becoming progressively more important as individuals 

recognize the need to integrate conservation efforts into land use plans in order to secure the 

intrinsic value and integrity of vital natural systems now and into the unforeseeable future 

(Grumbine 1994).  Its comprehensive consideration of complex biological processes and 

conservation-based propositions has played a prominent role in the formation of green 

infrastructure’s scientific foundations, and continue to do so today. 

 
“A land ethic, of course, cannot prevent the 
alteration, management, and use of these 
‘resources,’ but it does affirm their right to 

continued existence, and, at least in spots, their 
continued existence in a natural state.” 

 
 

- Aldo Leopold 
Father of the ‘land ethic’ 
Conservation Biology, 2003 

 

Yet another emerging field that has served as a guiding force in the development of green 

infrastructure planning is that of landscape ecology.  In a simplified version of its multi-

dimensional self, landscape ecology “addresses the causes and consequences of spatial 

heterogeneity” (Chapin et al. 2002) and is concerned with the “(1) spatial relationships among 
                                                 
21 Personal interview with conservation biologist in training, Erica Koltenuk April 2008.   
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landscape elements, or ecosystems, (2) the flows of energy, mineral nutrients, and species among 

the elements, and (3) the ecological dynamics of the landscape mosaic through time (Urban et al. 

1987; Forman 1995; Turner et al. 2001).   

Most analyses derived from landscape ecology principles assess the impact of landscape 

variability and composition on ecosystem resiliency by evaluating differences in spatial 

heterogeneity22 at a range of scales.  Recent research and anxiety within the field have revolved 

around human-induced habitat fragmentation and its homogenizing effects on diverse 

landscapes.  The potential for ill conceived development to exacerbate spatial disintegration, 

constrain wildlife, and thereby decrease the ability of ecosystems to perform vital ecological 

functions provides a compelling argument for planning that operates within a landscape ecology 

framework and incorporates green infrastructure practices and policies23.   

Common to both conservation biology and landscape ecology is the concept of 

“landscape linkages” (Noss 1997).  Be they wildlife corridors between stratified habitats or 

terrestrial unifiers such as watersheds or shared soil compositions, the links between various 

landscape features are critical to the sustained vitality of ecosystems and permit diverse 

biological phenomena to occur.  It is this refined scientific understanding of the importance of 

comprehensive connectivity, combined with environmentally inspired conservation and planning 

reform that have contributed to the formation of “green infrastructure” planning as an option for 

alternative development.  

                                                 
22 Defined as “any form of variation in environment, including physical and biotic components” (Ostfeld et al. 
1993).   
23 Sprawling development has the ability to limit spatial diversity and increase the amount of “edge” in a given 
landscape.  According to the concept of “ecological boundaries,” the more “edge” that exists, the more difficult it is 
for wildlife to transverse habitats, and for ecosystems to maintain the resiliency necessary to carry out biological 
processes (Peterson 2008).    
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Table 2 

CONCEPTUAL CONTRIBUTIONS TO GREEN INFRASTRUCTURE DEVELOPMENT 

 

 

  

  

 

 

 
Environmental 

Awareness 

Scientific 
Developments 

 
Planning 
Reform 

Environmentally 
Sensitive Design 

 
Green 

Infrastructure 

 
Conservation 

 

Green Infrastructure 

Expansive and interdisciplinary by nature of its conceptual evolution, green infrastructure 

planning derives its substance and viability as a potential alternative to status quo urban 

development through its firmly established roots in environmentalism, “sustainability,” 

ecologically/socially sensitive design and planning, and the conservation sciences.  As a holistic 

approach, it is deeply committed to the establishment and maintenance of both ecological and 

social networks at varying scales and extents.  In its broadest manifestations, it provides a 

scientific means to determine “the best use of the land to support both the natural processes that 

exist on the landscape and the infrastructure and recreational needs of the people who live there” 

(Benedict et al. 2006).  At is smallest scale, it offers an opportunity for individuals and 

communities to utilize site specific green infrastructure techniques to enhance the ecological 

vitality and network potential of “component” landscapes that could eventually be linked to form 

more extensive green infrastructure systems. 
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“Top-Down” Methodologies for Broad-Based Planning:  

Policy Reform and Multi-Stakeholder Mobilization 

Perhaps the most successful examples of broad-based green infrastructure planning in 

action are those that focus on strategic land use policy reform and advocate open space 

conservation and “smart growth” in regional, municipal, or community comprehensive plans.  

These reforms are motivated by the belief that policies and legislation hold the power to direct 

development towards more sustainable outcomes by equipping cities, counties, and public land 

managers with the governing tools to effectively respond to rapid growth (Sonoran Institute 

2007).  This methodology operates under the assumption that the establishment of overarching 

policies or programs that call for ecologically sensitive growth will halt unregulated and 

unsustainable development by restricting expansion to those areas determined to be less suitable 

for conservation or open space networking24.   

As with all initiatives that hinge on policy reformation, efforts to formulate top-down 

green infrastructure programs are contingent on the capacity of mobilizers to bring together 

diverse public and private stakeholders to develop an operational framework that discourages 

development that poses a significant threat to the carrying capacity of environmental systems 

(President’s Council 1996).  This requires the collaborative construction of a network vision 

grounded in technical and scientific evidence and committed to community involvement, 

strategically directed conservation, and sustained management.  Daunting as this process may 

appear, there are numerous instances of green infrastructure policy reformation or program 

implementation whose successes can be traced to persistent cooperation among multi-party 

stakeholders that hail from various societal spectra.  From state agencies to non-governmental 

                                                 
24 The basis of the objectivity is discussed in the section titled “Geographic Information Systems and Green 
Infrastructure.”    
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organizations (NGO’s), private developers to concerned citizens, it is often the extent of interest 

integration that determines the ability of proposed land-use reforms to gain the momentum and 

support necessary to make the transition from unrealized options to adopted policies. 

 A particularly inspiring example of green infrastructure motivated collaboration that 

directed policy formation and resulted in general plan adoption is that of the Sonoran Desert 

Conservation Plan (SDCP) for Pima County, Arizona.  Conceived as a single-issue endeavor to 

comply with Endangered Species Act requirements revolving around vulnerable pygmy owl 

populations and habitats, the plan evolved into a multi-varied comprehensive approach to 

sustaining critical habitats and wildlife corridors for multiple species endemic to Pima County 

and the Sonoran region (SDCP web site).  In order to facilitate analysis and direct conservation 

efforts, the SDCP relied upon the principles established by the conservation sciences regarding 

habitat linkages and biodiversity, and utilized geographic information system analyses to 

objectively identify critical areas for conservation, or potential development.   

From its earliest developmental stages all the way through its integration into the Pima 

County General Plan, the SDCP had the support and valuable input of an astonishing array of 

influential entities including “planners, scientists, and resource experts from Pima County and 

local governments, the University of Arizona, U.S. Fish and Wildlife Service, Bureau of Land 

Management, USDA’s Natural Resources Conservation Service, and the Nature Conservancy” 

(Benedict et.al 2006).  In addition to this professional base, there were also various calls to the 

public for participation and comment throughout the planning process that provided local 

citizens with the opportunity to contribute to plan design.  It is this collaborative policy and plan 

development, combined with solid scientific methodologies that enabled the SDCP to 
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innovatively evaluate and plan for ecological sustainability, while providing parameters for 

future development.   

  

 

 

 

 

 

 

 

 

 

 

 
Geographic Information Systems (GIS)  

and Green Infrastructure Planning 
 

A fundamental component of the SDCP- and of most broad-based or regional green 
infrastructure plans - is the use of geographic information systems technology (GIS).  
Characterized as a “computerized tool for solving geographic problems” and “a spatial decision 
support system,” GIS is utilized in green infrastructure planning to assess conservation or 
development suitability by identifying existing open spaces, or prospective linkages between 
ecosystems, and ranking them based on criteria established by divergent stakeholders (Longley 
et al. 2005).  Spatial consideration of different landscapes provides green infrastructure 
designers with an objective means to differentiate between varying terrestrial compositions 
and ecosystems dynamics, classify highly suitable conservation areas, and even model possible 
network designs.  In addition to these valuable assessment capabilities, GIS data manipulation 
offers a compelling argument for green infrastructure planning by visually projecting the 
potentially damaging effects of unregulated growth and development on sensitive geographic 
areas.  As a modeling tool, or suitability determinant, GIS analysis is at the core of broad-scale 
green infrastructure planning1.   

 

 

“Bottom-Up” Methodologies for Site Specific Planning 

Although the concept of green infrastructure planning is inherently crafted to consider the 

holistic network potential of ecosystems and landscapes at their broadest extent, it is also 

possible to scale down the applied framework to incorporate efforts that foster green 

infrastructure development at the site specific, or “component” level.  In contrast to planning that 

examines regional and territorial linkages with the intent of espousing green general plans, or 

passing environmentally sensitive land-use policies, site-specific efforts focus on the 

enhancement of green infrastructure at the individual lot, community, or planned development 

scale.  At this “grass roots” level, green infrastructure practices may emerge from the concerted 

 27



endeavors of environmentally minded individuals to integrate green techniques into their 

household and landscape design, or from the citizen driven creation of green spaces for public 

interaction within communities and neighborhoods.   

The number of site-specific practices with green infrastructure potential is extensive and 

could quite possibly include a variety of methods ranging from the use of green building 

materials to the application of context sensitive architecture that factors landscape orientation 

into design.  Although all of these methods can contribute to the overall expansion of green 

infrastructure, aspirations of clarity and analytical depth focus this particular study on only those 

small scale green infrastructure initiatives that pertain to cluster development, the creation of 

urban green lots, public green spaces, or community gardens, and rainwater harvesting. 

Cluster Development for Open Space Design 

 As prospective homeowners and developers recognize the intrinsic value of open spaces 

and conservation lands, “cluster development” may become an increasingly common inspiration 

for planned communities and subdivisions.  Most creatively conceptualized and proposed by 

landscape planner and site designer Randall Arendt, cluster development is an innovative 

approach to residential design that seeks to “group new homes onto part of the development 

parcel, so that the remainder can be preserved as unbuilt open space” (1992).  In an era of 

excessive growth and spatial transformation, such environmentally sensitive design offers an 

alternative to the sprawling development traditionally produced under zoning that permits blade 

and grade construction and results in wall-to-wall homes and gray infrastructure.   

 As with most conservation easements, the maintenance of portions of the landscape in a 

natural state promotes ecosystem function and enhances water filtration, stormwater 

management, and air quality, while protecting wildlife habitats and providing residents with 

valuable areas for recreation and community interaction.  As such, open space can be considered 
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a precious residential design amenity with potential benefits for both humans and the 

environment.  With ample evidence of the damaging effects of traditional development on 

natural and social networks, an open, green space approach to design offers a feasible means to 

maintain critical systems while accounting for development pressures.   

 Unfortunately, profit driven developers are often wary of the monetary implications of 

residential designs that do not permit the development of every possible portion of a given 

parcel.  After all, it is certainly less time consuming and taxing on the creative juices to treat the 

environment as a malleable mish of territorial mosh to be graded and reshaped for human uses, 

and it is seemingly more profitable to pack as many homes into a given area as “fit.”  

Propitiously (for the environment and society at large), a wealth of information has been 

amassed that suggests that land conservation can actually serve to increase the value of homes 

within proximity to preserved areas, and add more value than that of the land withdrawn for 

conservation (de Brun ed. 2007).  This follows the proximate principle established by the Trust 

for Public Land that asserts that “the market values of properties located near a park or open 

space frequently are higher than those of comparable properties located elsewhere” (de Brun ed. 

2007).  Hence, development dollars are not significantly impacted by cluster design based 

around open space; on the contrary, returns on invested dollars may be augmented. 

 Despite these findings, developers often require additional incentives to invest in cluster 

design such as density bonuses, or zoning mandates.  In voluntary situations where developers 

have the option to adopt cluster design or not, counties or cities can offer greater flexibility in 

zoning restrictions in exchange for the inclusion of open space allocation in a proposed 

residential plan.  A more promising option for cluster development is the implementation of 

mandates that require developers to meet or exceed zoning ordinances in order to garner plan 
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approval or funding.  Whether ethically inspired, monetarily enticed, or forced, the open space 

secured through cluster development offers an alternative approach to traditional development 

with the ability to promote and extend green infrastructure at the site-specific level and beyond.   

Urban Green Space 

Just as cluster development advocates open space integration in forthcoming suburban, 

exurban, and rural developments25, urban green space or green lot initiatives call for the 

“greening” of vacant lands or remaining open spaces within urban areas or surrounding fringe 

developments.  In addition to the benefits generally associated with open space preservation26, 

the community driven nature of most green lot design creates unique opportunities for social 

interaction and collaboration across generational, socio-economic, or other divides.  In fact, it is 

often the common recognition of open space lack that inspires community members to mobilize 

and hone in on the collaborative revitalization of public green space at a particular site.  As 

individuals come together, they bring with them varying visions of how their shared green space 

should be developed: what its function will be, who will use and maintain it, what will be 

permitted on the site, etc.  It is this envisioning process that eventually directs green lot design 

and may result in the formation of a mini-linear park in a neighborhood, a green community 

meeting center, a community garden, or myriad other green possibilities. 

 Increasingly, cities and counties are funding programs that assist communities with the 

creation of green spaces by offering educational materials and demonstrations, providing native 

plants and vegetation at low or no cost, and integrating urban greening initiatives into land use 

and general plans.  Additionally, non-governmental organizations such as Ironwood Tree 

                                                 
25 Cluster development could also pertain to urban infill residential development but operates under the assumption 
that there is open landscape from the start that could potentially be preserved.  
26 see: “Cluster Development for Open Space Design” in the previous section. 

 30



Experience27 in Tucson, Arizona, the Urban Greenspaces Institute of Portland and Vancouver, 

and the Associación de Reforestación de Ambos Nogales (ARAN) of Nogales, Arizona and 

Nogales, Mexico are all engaged in community mobilization for green space or green lot 

development, and are committed to the integration of the built and natural environment to 

enhance and expand green infrastructure in urban areas. 

Rainwater Harvesting 

     Another site-specific technique with the potential to support green infrastructure 

extension and function is that of rainwater harvesting.  With foundations in the belief that 

humans should operate under a code of environmental responsiveness, or respect for existing 

environmental conditions, rainwater harvesting principles and practices offer a means to capture 

natural “abundance” and utilize it to sustain green spaces and landscapes (Lancaster 2006).  Be it 

the collection of rooftop runoff through cistern systems, the shaping of landscapes to serve as 

catchments28, or the re-vegetation of river and streambeds to retain water, rainwater harvesting 

provides a primary, alternative water source with the capacity to support natural vegetation and 

assist environmental systems in storm and wastewater filtration, management, and erosion 

control. 

 Currently, most homes and municipalities treat rainwater runoff as a nuisance to be 

disposed of through carefully crafted gray infrastructure that directs rainwater runoff away from 

human settlements and into gutters, drainage pipes, and eventually, sewers.  Meanwhile, humans 

have become dependent upon secondary, slow-to-recharge sources such as groundwater and 

surface water for everything from bathing to irrigation, and invest in costly, extensive, and 
                                                 
27 The mission of the Ironwood Tree Experience is “to empower young people through active, mindful and 
educational eco-programs that cultivate a holistic sense of community” (Ironwood 2008).  They support a variety of 
youth geared outdoor activities such as the Green Lots! program. 
28 “Earthworks” involve the physical shaping of the land to more effectively serve rainwater harvesting purposes.  
They may involve the creation or use of berms, terraces, French drains, infiltration basins, imprinting, mulching, 
permeable paving, swales, or check dams (Lancaster 2006). 
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energy intensive gray technologies to pump and transport semi-renewable sources.  This 

combination of wasted runoff and precarious uni-source dependence creates prime conditions for 

scarcity and poses a significant threat to ecosystem stability and human vitality29.   

 Fortunately, grass-roots mobilizations across the globe are embracing the potential of 

rainwater harvesting and integrating it into their household landscapes, streetscapes, and shared 

community spaces.  With growth and development continuing to threaten the long-term viability 

of critical resources, rainwater harvesting can serve as a vital means to sustain green spaces and 

strategically utilize them to provide affordable options for stormwater management and water 

purification.  By decreasing dependence on dwindling water sources, rainwater harvesting 

provides a feasible way to maintain ecologically and socially valuable sites within urban, 

suburban, exurban, and rural environments while contributing to the development of green 

infrastructure on a site-by-site basis.  Since rainwater harvesting prepares well-designed sites to 

be virtually maintenance free, green spaces that implement rainwater harvesting have greater 

potential for long-term stability and green infrastructure “component” capability30. 

Case Studies 

As a concept and practice, green infrastructure expansion offers myriad beneficent 

options for alternative urban development and provides feasible implementation strategies for 

projects at varying scales and extents.  In the ethnographic case studies that follow, examples of 

both broad-based and site specific iterations are explored in the U.S. based examination of 

comprehensive planning reform in Pinal County, Arizona, and the Mexico sited evaluation of 

community driven green space expansion and awareness in the colonias of Nogales, Sonora.  

                                                 
29 Especially in arid or drought prone landscapes!  Also, in the developing world, high costs often inhibit the 
provision of adequate gray infrastructure and rainwater runoff results in flooding and the contamination of 
downstream water sources from human waste and pollution picked up from impervious surfaces.   
30 For specific examples of rainwater harvesting techniques and models, see Appendix A.   
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When assessed in conjunction with one another, the studies present green infrastructure 

endeavors in contrasting developmental contexts (the developed world versus the “developing” 

world) with distinct mobilization methodologies (i.e. top-down versus grassroots mobilization).  

Together, they offer valuable insight into the components that make up a "successful” green 

infrastructure movement, and the challenges creatively overcome by environmentally determined 

advocates.         

Open Space Planning in Pinal County, Arizona31 

Sonoran Institute 

“Pinal County is the frontline for development within the Sun Corridor – there is more 
development pressure on this county than on any other county in the United States.” 
        - Jason Meininger 
 

Throughout the western U.S., development is on a rampage; fueled by seemingly endless 

population influxes and the availability of undeveloped land, sprawling human settlements are 

popping up at an alarming pace in states from California to Nevada, Texas to Arizona.  Although 

this trend is common throughout the region, it is particularly pronounced in the third fastest 

growing county in the U.S.: Pinal County, Arizona.  With a population of 300,000 projected to 

reach 1.8 million by 2048, development demands have lead to the conversion of open rangeland, 

farms, ranches, and open spaces at the rate of approximately one acre per hour (Meininger 2008).  

The speed of population growth and development, coupled with minimal preemptive planning, 

has resulted in infrastructure and service deficiencies, poor regulatory capacity, and intensifying 

loss of open space that is critical to communities and wildlife. 

Troubled by the potential impact of unchecked development on county resources, and 

concerned with the preservation of open spaces, ecologically minded citizens and county 

                                                 
31 The majority of the information for this case study was gathered through Community Design Academy lectures 
supported by the Sonoran Institute or from informational interviews with Sonoran Institute associate Jason 
Meininger. 
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officials turned their attention to the creation of broad-based policies and plans with the capacity 

to provide incentives for open space preservation.  In order to facilitate this large scale planning, 

the county sought outside consultation from the Sonoran Institute and sustainable growth 

specialist Jason Meininger.  An independent non-profit whose mission is to “inspire and enable 

community decisions and public policies that respect the land and people of western North 

America,” the Sonoran Institute and its associates consistently serve as influential conservation 

advocates throughout Arizona (Sonoran Institute 2007).   

Recent interest in Sun Corridor development on the part of the Sonoran Institute provided 

a viable opportunity for the organization to enter into a collaborative partnership with Pinal 

County to explore open space options.  The result of this joint-endeavor is the Parks, Trails and 

Open Space Master Plan (PTOSMP) that was adopted by the county in 2007 and serves as a 

community supported amendment to the county’s Comprehensive Plan.  Through its formation 

of a broad-based open space coalition, use of GIS suitability analysis, and integration of zoning 

overlays with developer incentives for open space designation, the PTOSMP is an encouraging 

example of “top-down” green infrastructure planning in action. 

Community Driven, County Implemented 

 A fundamental component of the PTOSMP is 

its foundation in community-identified values.  

Motivated by a desire to engage the public in plan 

formation, the county surveyed Pinal County 

residents early in the comprehensive plan amendment 

process to assess citizen values and utilize them to  

“It’s great to have the 
community tell you to do 

what you’re doing!” 
  

-Jason Meininger 
on community input 

Informational interview, 2008 

influence policy reform.  After analyzing community responses, the county and the Sonoran 

Institute determined that the value that Pinal County residents held highest and were most afraid 
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of losing, was open space.  This public identification of open space appreciation merged county 

interests with community values and made possible the creation of an active open space coalition 

representative of government, the public, and civil society.   

Suitability Analysis   

 As part of the investigative process that substantiated development of the PTOSMP, Pinal 

County and the Sonoran Institute utilized GIS suitability analysis to identify and recommend 

lands for open space preservation.  Together, the two entities established criteria for spatial 

selection that gave preference to areas that (1) serve as wildlife habitat corridors, (2) are home to 

threatened or endangered species, (3) are key architectural or cultural sites, and (4) are close to 

urban areas32.  Holistically, the suitability analysis took into consideration both “groomed” green 

and open spaces (ball fields etc.), as well as natural, undeveloped lands, and identified slightly 

more than a million acres of land that is suited for open space preservation under PTOSMP 

planning. 

Zoning Overlays 

 A powerful tool for realizing PTOSMP implementation is the creation of “zoning 

overlays” as part of Pinal County Comprehensive Plan amendments.  In practical applications, 

zoning overlays allow the county to enforce development requirements above and beyond those 

extant under current zoning.  They provide direction to developers and make it easier for the 

county to mandate open space inclusion, or other infrastructure and service demands.  

Essentially, zoning overlays with open space requirements facilitate green infrastructure 

implementation.  

 

                                                 
32 this is significant due to the principle that the ratio of open space to people in urban areas should be approximately 
1 acre for every one thousand people (Community Design Academy lecture, 2008). 
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Creative Incentives for Developers 

 Under the Arizona property rights bill passed in 2006 (Prop. 207), it is completely up to 

the property owner to determine whether or not to set aside open space in a development plan.  

As such, the open spaces identified in the PTOSMP will only be preserved through the voluntary 

actions of individual property owners; however, through innovative manipulation of the bill, 

counties can explore options to offer developers density bonuses or “up-zoning” in exchange for 

waved Prop. 207 rights, the allocation of open space, or other potential improvements deemed 

valuable to sustainable county growth.  “Quid-pro-quo” relationships such as that being 

advocated in Pinal County present opportunities for “win-win” collaboration between developers 

and county governments and help to ensure that broad-based green infrstructure planning will be 

realized from the top on down. 

 

Community Green Lot Expansion and Maintenance, Nogales, Sonora33 

Bureau of Applied Research in Anthropology (BARA) 

Border Region Background 

Throughout the United States-Mexico border zone, there is an abundance of “sharing” 

going on, particularly in maquiladora-packed Nogales, Sonora.  Facilitated by globalization’s 

ability to “eliminate borders” and the liberalizing powers of the 1994 North American Free Trade 

Agreement, cultural, linguistic, agricultural, technological, and educational exchanges are criss-

crossing la frontera at increasingly palpable rates.  Although many of these exchanges have 

positive implications for the diversity and economic vitality of both nations, they carry with them 

                                                 
33 The information compiled for the green lot study was gathered through ethnographic and hands on research with 
interns working for the Bureau of Applied Research in Anthropology.   
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myriad inequitable, unsustainable, and potentially health damaging impacts that threaten 

vulnerable populations and ecosystems in both countries34.   

As such, one is inclined to question the true “benefits” of a relationship that has the 

potential to generate both employment opportunities and excessive degradation in equal measure.  

Concomitantly, one must doubt the effectiveness of alliances that permit, or fail to address, the 

continuation of social and environmental decay, especially in colonias and peripheral 

settlements. 

Interestingly, NAFTA is supposed to foster environmentally conscious and socially 

responsible trade; in fact, it is often touted as the “greenest” trade agreement in history due to its 

declared commitments to “sustainable development” and adoption of the Supplemental 

Agreements on the environment and labor that include the North American Agreement for 

Environmental Cooperation – NAAEC (Skidmore 2001; Roberts 2003).  These established 

provisions are intended to uphold and enforce environmental and labor standards in both35 

countries and have gone so far as to develop key institutions charged with addressing this 

endeavor; namely, the Border Environmental Cooperation Commission (BECC), the North 

American Development Bank (NADBank), and the Commission for Environmental Cooperation 

(CEC). 

On paper, it appears that the appropriate assurances and institutions are in place to 

account for the potential negative externalities NAFTA-sponsored trade might produce.  In 

reality, agreed upon safeguards and political promises have done little to actually create 

innovative ways to secure environmental sustainability or social well-being.  This disconcerting 

                                                 
34 However, negative externalities seem to be inequitably absorbed by Mexico, illustrating that the “sharing” does 
not seem to apply to all areas, particularly not those related to the disposal of toxic nuclear wastes and the like; 
elaborated on in continuation.    
35 Really U.S., Mexico, and Canada but I am conveniently avoiding Canada for the purposes of this analysis.   
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truth is evident in the proliferation of hazard-riddled shantytowns, health and ecosystem-

threatening environmental conditions (intensive erosion due to rapid deforestation for makeshift 

housing, high particulate matter in air around Nogales from concentrated wood burning in 

colonias without other energy options, etc.), and the spreading contamination, diversion, and 

unsustainable exploitation of common pool resources in both the United States and Mexico 

(Roberts 2003). 

What is equally troubling about this seeming inability to pair economic interests with 

environmental and social concerns is the evidence that a sizable proportion of the negative 

externalities produced by NAFTA trade are absorbed by those sectors of society least capable of 

exercising democratic opposition to the expansion of industries and production methods that 

provide them with much needed jobs, yet relegate them to a position of dependency and 

vulnerability.  Most frequently, these populations are those located South of the border.   

Unfortunately, this trend substantiates concerns about the exploitation of Mexican labor 

and the environment by U.S. and foreign industries seeking to reduce production costs by 

moving their operations southward.  As a result, “every major environmental problem has 

worsened since Mexico started liberalizing its trade policies,” shanty-towns and landscape 

conversion are on the rise, and Mexican workers have been exposed to humiliating and health 

damaging labor conditions that range from forced birth control to respiratory and neurological 

disorders from toxic runoff (Roberts 2003).   

Although industry relocation and irresponsibility alone cannot be held accountable for all 

of the environmental and social deterioration occurring in proximity to the Mexican border, they 

certainly have not resulted in significant improvements on many fronts other than those 

pertaining to economic development.  In an unusual twist of trade-offs, the expansion and 
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operation of maquiladoras within the border region has increased the creation of informal 

settlements close to industries that are characteristically lacking in appropriate infrastructure, and 

sanitation services, while providing the impoverished that inhabit these sites with a steady 

income.  The result is increased environmental degradation and social marginalization that can 

both be indirectly linked to NAFTA inspired trade. 

Community Mobilization for Green Settlements 

 Two communities with ties to neoliberal urban expansion and inadequacy are those of 

Colonias del Sol and Flores Magon.  Both peripheral settlements created through land invasions, 

these colonias sprung up in haphazard patterns in the hills and less desirable landscapes just 

beyond “urban” Nogales and have persisted with minimal or no infrastructure or city services 

since their earliest formation.  During the rapid development of the two communities, land was 

stripped of all potential building materials resulting in the widespread deforestation and de-

vegetation of the sites.  Consequently, both Colonias del Sol and Flores Magon suffer from high 

particulate pollution that degrades air quality, flooding problems, and intense erosion.  Without 

green infrastructure to provide a natural support system to filter pollutants, direct and manage 

stormwater, or fortify the landscape, residents of the colonias are vulnerable to natural hazards 

and environmental instability. 

 In recent years, citizens concerned with the lack of green or open space in their 

communities, and worried about the continued threats of ecosystem dysfunction have begun to 

mobilize for the reforestation of neighborhoods and creation of common green areas.  In 

response to community driven desires to improve environmental conditions and quality of life, 

several sectors of civil society in Mexico and abroad now provide support for environmentally 
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oriented projects and even garner funding from NAFTA affiliated agencies such as the BECC36.  

One such non-governmental organization with significant collaborative ties to the colonias of 

Nogales is the Bureau of Applied Research and Anthropology (BARA).  Over the course of 

several decades, BARA associates have built social capital and trust with residents of the 

colonias and are now in a position to provide technical guidance and manpower to assist 

communities in the realization of land and livelihood improvements. 

  Due to the small-scale, community driven nature of these partnerships for environmental 

projects, there are often several projects underway at the same time at different sites throughout 

the communities.  Currently, noteworthy efforts with green infrastructure applications include 

the green lot expansion program and the rainwater harvesting training and development project 

that has the capacity to serve as a complimentary component of green lot development.   

Although each of these projects mobilizes a variety of community participants, a key 

partner in both is the binational NGO, ARAN.  Committed to the reforestation of the Nogaleses 

on both sides of the border, ARAN often collaborates with BARA to concentrate efforts on the 

realization of common green goals.  Recently, these partnerships have resulted in the 

identification of potential green spaces in Colonias del Sol and Flores Magon, the 

implementation of passive37 rainwater harvesting at schools throughout the communities, two 

site-specific installations of cisterns to support green spaces, and ongoing efforts to take 

advantage of government sponsored programs to provide trees and vegetation for reforestation. 

In water scarce environments the potential of expanding rainwater harvesting might 

provide residents with additional livelihood security while providing a maintenance free means 

to expand community green spaces.  Although these actions appear to be small steps in the broad 

                                                 
36 Under the Border 2012 arrangements between the U.S. and Mexico, the BECC is increasingly able to fund 
significant infrastructure projects of environmental importance in the border region.   
37 primarily earthworks. 
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scheme of green infrastructure development, the skills shared with community neighborhood 

organizations and engaged citizens build the social infrastructure to scale-up green practices 

while the development of “component” green spaces contributes to the extension of green 

infrastructure through “one site at a time” methodologies. 

Conclusions 

Be it through small-scale manifestations, or broad based policy applications, green 

infrastructure planning offers a feasible and potentially powerful option to foster more 

sustainable growth and development in both the United States, and developing world.  Based on 

the evidence presented in the case studies of Pinal County, Arizona and Nogales, Sonora, there is 

reason to believe that green infrastructure practices are applicable at various extents and scales 

and can adapt to changes in development contexts.  Furthermore, green infrastructure planning 

suggests that although efforts can originate from either broad-based policy reform or site-

specific projects, it is the combination of efforts at both scales that has the greatest capacity to 

build and sustain networks. 

Unlike purely conservation-based practices, green infrastructure’s holistic framework 

progressively recognizes the value in creating and maintaining links between not only diverse 

ecosystems, but also diverse community members.  As such, unique possibilities to build social 

capital are presented that increase opportunities for social interaction throughout the phases of 

plan design and project implementation, and provide an established medium to advocate green 

infrastructure applications across communities, municipalities, and counties.   

Although the findings presented here express a high level of confidence in the potential 

benefits and practicability of green infrastructure endeavors, one must pause to consider the 

possible limitations not addressed in this exploratory iteration.  Potential factors that might 
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hinder the viability of green infrastructure projects are funding limitations, unsupportive political 

contexts, or an inability to mobilize and sustain environmental movements.  The impact of these 

constraints on green infrastructure efforts is not considered in this evaluation and presents an 

opportunity for future inquiry. 

Additional concerns might arise surrounding the capacity of green infrastructure to fully 

address monumental development dilemmas such as lack of access to proper water and sanitation 

services.   Although green infrastructure presents promising options for stormwater management, 

particulate purification, and other natural processes that enhance ecosystem vitality and human 

health, green infrastructure should not be considered a complete substitute for sanitation 

infrastructure.  In fact, in all respects, green infrastructure should never be adopted as a “fix-all” 

development option; on the contrary, green infrastructure planning should be treated as a critical 

component of more comprehensive development plans designed to work in conjunction with one 

another to bring about the development of more sustainable, livable realities.   

 As green infrastructure planning becomes a more common practice in urban and 

environmental design around the world, the prospects of this progressive concept may be more 

fully understood and applied to the solution of real world development conundrums.  Perhaps 

through the continued advancement of land-use policy reforms working in conjunction with 

community driven efforts, green infrastructure will secure vital ecological systems and social 

networks now, and far into the future.  
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Appendix A 
 

Earthworks:  
 
 
Berms and Swales 

 
 
 
 
 

Cistern 
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Detention Basin 
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