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ABSTRACT

Within urban areas, ecological design practices, as they relate to sustainability, are

often employed to balance the needs of human and natural ecosystems. Older

communities typically incorporated sustainable practices such as tightly clustered, multi-

use development patterns, water harvesting and the use of vegetation to shade structures

because technologies to overcome climate and travel limitations did not exist when they

were built. During the twentieth century, technology advancements and changes in

development patterns have contributed to a decreased emphasis on these practices. This

study assessed neighborhoods of various ages in Tucson, AZ to determine what trends

towards or away from ecological design practices exist in the area. Results of this study

indicate that newer neighborhoods in Tucson exhibited fewer indicators of ecological

design than did older neighborhoods, suggesting that ecological concerns may have

played a diminishing role in the design of Tucson neighborhoods over time.
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INTRODUCTION

Sustainability and sustainable development (SD) has grown as a worldwide

movement since the energy crisis of the 1970's made clear the impact that human

activities can have on dwindling natural resources. Organizations at all levels, from the

United Nations to local municipalities, have struggled with ways to make sustainable

development a reality. The issue was catapulted into international prominence by the

1987 publication of Our Common Future (WCED, 1987), also know as the Brundtland

report. This report was the culmination of a study conducted by The World Commission

on Environment and Development, which found that promoting sustainability in

urbanized areas should be of primary importance in order to preserve a quality of life that

can be sustained into the future. Populations in urban areas are expected to grow by 70%

from the year 2000 to the year 2025, making the need to find sustainable solutions within

the built environment even more critical (UN, 1994).

Sustainable development involves the simultaneous consideration of three

domains; environment, society and economy and is defined as "development that meets

the needs of the present without compromising the ability of future generations to meet

their own needs" (WCED, 1987). Because sustainability is a byproduct of the

environmental movement, the environmental component has historically received much

of the focus when considering SD. The seminal publication, Design with Nature (1969)

by landscape architect Ian McHarg is a manifesto detailing the importance of considering

ecological processes and functions when planning cities and towns. Followers of McHarg

such as Anne Whiston Spirn and Michael Hough have built upon McHarg's theories and



provided much research into how ecological functions can be integrated within urban

form. Other researchers have further extended the research and developed ecological

design principles (EDP) that serve as guidelines for ecological design that helps further

the progress towards sustainability (Girling et al., 2000).

Significance of this Study

Nowhere is the need for sustainable development more critical than the

Southwestern region of the United States where exploding population growth is

impacting dwindling natural resources. Tucson, Arizona, like many western cities, has

seen urban sprawl become the norm as the result of an increasing reliance on the

automobile and rapid population growth. On a more promising note, ecological design

practices have been shown to ameliorate the impacts of the built environment on natural

systems. For example, vegetation and infiltration processes associated with natural

drainage systems are believed to improve water quality by uptaking and filtering

pollutants associated with stormwater runoff (Girling et al., 2000). The literature is

lacking, however, on how to assess the progress of communities and neighborhoods in

their use of ecological design to further the goals of sustainable development. This study

will provide a framework for evaluating neighborhoods in terms of ecological design

principles with an emphasis on the unique ecological considerations of and

environments. Recommendations will also be made about how ecological design can be

more effectively integrated in neighborhood design.

Questions, Objectives and Hypotheses

The purpose of this study is to provide a framework for assessing ecological

11



design principles as they relate to sustainability in neighborhoods of Tucson, Arizona.

The central questions of this thesis are, have our neighborhoods become more or less

sustainable over time? Is there an identifiable trend in the use of EDP's? How has the

prevalence of technologies such as the automobile influenced the way communities in

Tucson have been designed?

These issues will be investigated by focusing on the following research

objectives:

1. Synthesize available literature on sustainable development and ecological

design to develop a set of quantifiable indicators of ecological design that

have been show to promote goals of sustainability.

2. Use this set of indicators to assess neighborhoods in Tucson, Arizona of

similar structure and size in various age categories to determine the extent to

which they demonstrate these ecological design indicators (EDT).

3. Determine what, if any, trend exist towards or away from ecological design

practices in Tucson neighborhoods.

The following hypotheses were tested during the course of this study:

1. Traditionally designed neighborhoods, designed before the wholesale use of

technologies such as automobiles and climate-controlled buildings will

display a greater degree of ecological design characteristics than will newer

neighborhoods.

2. Sustainable development and ecological design have not had a significant

impact on the design of Tucson, Arizona neighborhoods during the latter

12
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part of the twentieth century.

Scope and Limitations 

This study focuses on EDP's as they relate to sustainable development. Social and

economic components were not addressed. All neighborhoods chosen for study were

approximately one-half sq.mi. in area and were within a range of 2-4 residential units per

acre (RAC) to insure consistency in neighborhood density. All neighborhoods were

within the Tucson, Arizona valley basin and within the city limits. Neighborhoods were

chosen from a list of registered Tucson neighborhood associations. Neighborhood

boundaries were as defined by the neighborhood associations. Because of a limited

number of newer neighborhoods in the sample (less than 30 years), the list of

neighborhoods was supplemented by choosing newer subdivisions of a similar RAC and

size within the Tucson basin. Ecological design features that could readily be measured

were used to make up the set of indicators. Only features that could be observed from

public spaces within and around the neighborhood were noted. Except for building

orientation, structures, building materials and construction techniques were not evaluated.

No surveys or interviews to determine resident perceptions were conducted for this study.

A total of 19 neighborhoods divided into five age categories were chosen for evaluation

(Figure 1).
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Figure 1.
Map of Tucson, Arizona City Limits and Neighborhood Locations

1. Ridgeland Park	 7. El Dorado Hills/Green Hills
2. Irvington	 8. Tucson Park West
3. Valley View Estates	 9. Naylor
4. Harrison Hills/Hearthstone	 10. La Madera
5. Thunderbird Hts./VVilmot D.E. 11. Broadmoor-Broadway
6. Duffy	 12. National Cities

13. Catalina Vista
14. San Gabriel
15. Richland Heights West
16. Mitman
17 , Samos
18. Barrio Viejo
19. Barrio Santa Rosa

14
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Table 1. Definition of terms and abbreviations as used in this thesis.

EDT:

EDP:

LA21:

NRDC:

NPPO:

OECD:

RAC:

SD:

TOD:

UN:

WCED:

Bioretention:

Xeriscaping:

Ecological Design Indicator

Ecological Design Principle

Local Agenda 21

National Resources Defense Council

Native Plant Preservation Ordinance

Organization for Economic Co-operation and Development

Residential Units per Acre

Sustainable Development

Transit Oriented Development

United Nations

World Commission on Environment and Development

A technique that uses planting strips or swales to collect and filter urban stormwater
that includes grass or sand filters, loamy soils, mulch, shallow ponds or native trees
and shrubs.

Landscapes that are predominantly constructed, rather than natural ecosystems.

A circular section at the end of a street that allows vehicles to turn around.

A natural buffer zone that has been preserved between developed areas and
ecologically sensitive areas, often associated with a trail system.

Development that occurs on previously undeveloped land such as open space or
farmland.

A surface that does not allow water to pass through it such as roads, parking lots,
sidewalks and rooftops.

The uniform local climate of a small site or habitat.

Development that uses as a model, traditional villages and small towns that were
commonly built prior to World War II.

A portion of a development that is set aside for public or private use and is not
developed with homes.

Technology that converts sunlight directly into electricity.

Pertaining to the banks of a river or natural watercourse.

Development that meets the needs of the present without compromising the ability of
future generations to meet their own needs.

Characteristics of a community that provide ample opportunities to walk as a mode of
transportation such as pedestrian trails, sidewalks and nearby destinations.
Walkability also refers to providing a safe and pleasurable walking experience.

A term derived from the Greek work, xeros, meaning dry. Method of landscape design
that requires a low amount of water by choosing drought tolerant plants.

Built Environment:

Cul-de-sac:

Greenbelt:

Greenfield
Development:

Impervious Surface:

Microclimate:

Neotraditional
Development:

Open Space:

Photovoltaic:

Riparian:

Sustainable
Development:

Walkability:
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REVIEW OF THE LITERATURE

Introduction 

Sustainability within urban environments has become an important goal for

planners and designers as increasing growth in cities and towns require creative

approaches that integrate development with limited natural resources. In less than two

decades, the idea of sustainability has gained the attention of policy makers and

researchers alike as the need to better integrate nature and society has become more

acute. The interest in finding more sustainable ways to live stems from decades of

increased reliance on resource-depleting technologies and land use practices. The latter

part of the twentieth century, in particular, has seen a large shift of populations from rural

to urban areas. Access to relatively inexpensive sources of energy has encouraged

increased reliance on technologies such as automobiles and climate controlled buildings

that have profoundly altered the way humans interact with their natural environment.

Land use policies have emphasized separating commercial and industrial zones from

residential areas, creating single-use zones that do not integrate human activities. The

resulting urban and suburban sprawl has lead to less human-scale development, and ever-

increasing dependence on the automobile, and the loss of access to natural areas and open

space.

The issue of sustainability received international attention in 1987 with the World

Commission on Environment and Development (WCED), also known as the Brundtland

Commission. The report that resulted from the WCED, titled Our Common Future (also

known as the Brundtland Report), emphasized the urgency of promoting economic
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development that can be sustained without depleting natural resources or causing harm to

the environment. This document produced one of the most commonly cited definitions of

sustainable development:

"Development that meets the needs of the present without

compromising the ability of future generations to meet their own

needs" (WCED, 1987).

The report also highlighted the three domains of sustainable development; environment,

economy and society, that have continued to serve as a framework for defining

sustainability in the built environment. Numerous initiatives and forums that focus on

sustainability and sustainable development have followed.

The literature review for this study covers four areas relating to sustainable

development: 1) a general overview provides a relevant definition of sustainability and

ecological design principles, 2) sustainable development in the urban context is reviewed

with a discussion of sustainable cities and communities, an examination of various

initiatives that promote sustainability at the community level and three examples of

sustainably designed communities, 3) a review of the development and use of

sustainability indicators is presented, 4) various methods for evaluating neighborhoods in

terms of ecological design are assessed.

Defining Sustainability

As stated earlier, the generally accepted model for defining sustainability is the

simultaneous consideration of three domains, environment, economy and society.

Proponents of sustainability see these three areas as intertwined. It is impossible to affect



18

one without affecting the other two (Kline, 1993). This holistic view, considering all

aspects of human development in unison, is considered one of the primary characteristics

of sustainability. The Brundtland definition also promotes the concept of inter-

generational equity, that development should occur in a way that preserves resources for

future generations.

One problem repeatedly encountered however, is that sustainability is a broad,

hard to define concept. Attempting to defining sustainable development narrows the

focus somewhat because development implies a specific set of actions rather than a

conceptual theory. However, difficulties still exist when trying to express sustainable

development in concrete terms. One reason for this difficulty is the realization that

sustainable development is a dynamic, ever-shifting process, rather than a terminal state

(Kline, 1993; Smith et al., 1998; Briassoulis, 2001). Sustainable development is a series

of paths that are chosen, however, reaching a destination is never achieved because

conditions and influences are ever changing.

Questions also arise about how and even if sustainability can be achieved in an

urban setting. Perks and Van Vliet (1993) believe that when considering a move towards

sustainability, what is really being proposed is reducing un-sustainability. They further

point out that there are no scientific certainties about what 'good' or 'proper'

sustainability planning would include. Science has yet to provide an integrated

framework for building an ecologically self-regulation urban system.

Definitions of sustainable development seem to follow two general themes. One

type focuses on the integration of ecological functions with human needs. Brugmann and
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Hersh (1991) suggest that cities should be evaluated like other natural ecosystems and

that sustainability can best be realized by analyzing pathways along which resources and

disturbances move, such as energy and pollution. Perks and Van Vliet (1993) define

sustainable development as "improving the quality of human life while striving to live

within the carrying capacity of supporting ecosystems." Similarly, Van der Ryn and

Calthorpe (1986) define sustainable development in terms of balancing human needs with

natural resources in a region that can continuously be renewed or replaced.

The other type of definition looks at sustainability in temporal or inter-

generational terms. Briassoulis (2001) and the Organization for Economic Co-operation

and Development (OECD, 2000) both define sustainability as development that can be

continued into the future in a way that total welfare does not decline. These definitions

echo the Brundtland report (WCED, 1987) definition that development should meet the

needs of the present without compromising the ability of future generations to meet their

own needs however, they do not give any clearer indication of how exactly this can be

achieved.

Devuyst et al. (2001) draws on both types of definitions in that; "Sustainable

development is a societal project that aims to develop economic activities within the

carrying capacity of the local ecosystem in such a way that local populations benefit as a

whole, while preserving the well-being of future generations and people elsewhere."

Several authors correctly draw a distinction between 'growth' and 'development' in that

growth is a quantitative increase in infrastructure and buildings while development is

described as a qualitative improvement to an area (Dominski et al., 1992; Hart, 1995).
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For the purposes of this study, a more narrow definition of sustainability, as it

relates to environmental functioning, is required. Jacobs (1991) offers the following:

"Sustainability means that the environment should be protected in such a condition and to

such a degree that environmental capacities (the ability of the environment to perform its

various functions) are maintained over time: at least at levels sufficient to avoid future

catastrophe and at most at levels which give future generations the opportunity to enjoy

an equal measure of environmental consumption." This definition, while similar to

previously cited examples, provides for a minimum and maximum level of sustainability.

While most proponents of sustainability would urge that simply avoiding catastrophe

does not go far enough, providing an 'equal measure' of resources is also insufficient due

to past levels of environmental degradation (Maclaren, 1996). Kline (1993) identifies

sustainable communities in terms of ecological integrity and provides a more applicable

definition:

"A more sustainable community is in harmony with natural systems by

reducing and converting waste into non-harmful and beneficial products

and by utilizing the natural ability of environmental resources for human

needs without undermining their ability to function over time."

This definition suggests that ecological design can be incorporated into the built

environment to ameliorate some of the damaging effects of human development and can,

in fact, enhance human existence. Recognizing nature's value in urban ecosystems and

minimizing impacts on natural systems are considered central to the idea of sustainability

in that these measures can be perpetuated without high inputs of energy and resources.
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Ecological Design Principles

Ecological design is primarily concerned with design of human habitat that

preserves or protects the functioning of natural systems. Planners and designers such as

Ian McHarg, Phil Lewis or Julios Fabos have provided invaluable research on ecological

design principles at the regional scale. At a much smaller scale, ecological concerns can

inform the design of a single site or development project. Research on ecological design

principles at the neighborhood scale divides them into general categories or parameters

that address various ecological functions. Patterson and Connery (1997) address six

categories; energy, water, waste, vegetation, housing and spatial form. Girling et al.

(2000) devise ecological design guidelines that are divided into the following categories:

environmental assets, air quality, urban forest, natural drainage, impervious surfaces and

vegetation. For the purposes of this study, the following categories were chosen from the

literature for discussion in terms of their relevance to an urban center in an arid climate:

ecologically sensitive areas, air quality, water quality, soil, vegetation, energy use and

spatial arrangement.

Preservation of ecologically sensitive areas is generally thought to be one of the

cornerstones of ecological design. Girling et al. (2000) define ecologically sensitive areas

as environmental assets—riparian corridors, wetlands, meadows and forests. Further,

natural hazard areas such as floodplains, landslide areas and earthquake faults are

delineated in that they produce hazards that should be avoided when planning for growth.

Preservation of these critical areas provides valuable habitat, water purification and

opportunities for recreation. When these systems are linked to form a network, these
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areas are far more effective at protecting these functions (Smith and Hellmund, 1993).

Preservation of these areas can be achieved by setting aside sensitive areas as open space,

establishing buffers around sensitive areas and preventing development in natural hazard

areas.

Many things can affect air quality, however one of the largest contributor to air

pollution is automobile exhaust. How our communities are designed can have a

significant impact on automotive travel and therefore, emissions. Most studies suggest

that densely settled, mixed-use communities with ample opportunities for alternative

forms of transportation such as walking can be associated with less vehicle travel than

sprawling, low density suburbs and communities (Girling et al., 2000). Design

recommendations typically call for a mixture of land uses within compact communities to

allow for shorter and less frequent vehicle travel. Allowing destinations such as shopping,

restaurants, parks and other business and community services to be in close proximity to

residential areas provide for shorter vehicle trips and the ability to walk or bike to these

places. Distances that are considered to be acceptable for walking vary from one-quarter

to one mi. (Calthorpe, 1993; NRDC, 2000). Placing communities within easy access of a

regional transportation system can also promote less vehicle travel. In addition, an

effective network of bicycle routes can provide opportunities for reducing vehicle travel.

Water quality and protection of water as a resource can both be enhanced by

design. Ecologically sound practices now promote the preservation of natural drainage

systems where possible, rather than replacing natural drainage with an engineered

system. Engineered solutions to stormwater such as channelized watercourses or pipes
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and drains move water as quickly as possible away from the surface. This has been

shown to increase flooding and erosion in downstream systems in addition to introducing

pollutants and sediment into sensitive watercourses. Additionally, sending water to a

remote site to be treated rather than letting it infiltrate into the ground adds expense and

prevents the natural process of water purification and replenishment of ground water. On-

site infiltration techniques such as directing stormwater to bioretention devices have been

shown to help preserve the hydrologic cycle that water naturally goes through, allowing it

to return to groundwater and move more slowly into streams and watercourses. In

addition, impervious surfaces (parking lots, roads, buildings) have the effect of sealing

the surface of the earth and preventing the infiltration of rainwater into the ground and

replenishment of water tables. Reduction of the amount of impervious surfaces, therefore,

increases water's ability to naturally infiltrate into the ground (Spirn, 1984; Patterson and

Connery, 1997; Girling et al., 2000). Design guidelines recommend preserving and

augmenting natural drainage and reducing the amount of impervious surfaces.

Water and soil quality are closely related. Soil erosion typically occurs when

design of built structures do not take into account the harmful effects of rapidly moving

water or when natural drainage is altered. Impervious surfaces, in addition to blocking

water's return to groundwater, increases the speed at which water moves, causing erosion

in areas where water moves from built to natural areas.

How vegetation is preserved and how it is introduced into human landscapes can

affect the ecological integrity of an area. Vegetation has demonstrated the ability to

intercept stormwater runoff and capture stormwater-related pollutants so they do not find
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their way into water systems (Ferguson, 1998). Built environments that fragment and

consume habitat can have a devastating effect on biodiversity (Paterson and Connery,

1997). Cultivated landscapes can have a damaging effect on local watersheds by

introducing invasive species and increasing the amount of impervious surfaces, which

increases stormwater runoff. Turf lawns in particular, require a large input of chemicals

and irrigation to remain green. Furthermore, the thatched root system of turf leads to soil

compaction, which limits rainwater infiltration. Bormann et al. (1993) estimate that 60%

of nitrogen applied to lawns leach into groundwater or run off into local rivers and

streams. In contrast, low maintenance and native landscapes have minimal or no negative

impacts to the local ecosystem because they require less supplemental water and

chemicals to be sustained. Limiting the amount of turf grass and favoring native or low

water use plants in a cultivated landscape can lessen degradation to natural water systems

and reduce water consumption. Increasing the amount of vegetative cover can increase

shade and enhance favorable microclimate.

Energy use can be favorably ameliorated by site design and vegetation. Careful

orientation of buildings in warmer climates can limit the amount of solar radiation in

warmer months and capture solar radiation in cooler months. Careful placement can also

take advantage of prevailing winds. The importance of shade in hot climates cannot be

overlooked. Unshaded pavement, such as parking lots, streets and patios act as a mass

that stores heat during the day and releases it at night, raising the temperature of an area.

Hammond et al. (1974) found that ambient temperatures are as much as ten degrees

cooler in neighborhoods with well shaded streets than in those with little or no street
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shading. Design principles important to warmer climates include orienting buildings with

the long axis running east to west to limit the amount of solar exposure and using

vegetation that shades structures and paving (Corbett and Corbett, 2000).

Paterson and Connery (1997) identify spatial form or spatial arrangement as

community building patterns that enhance ecological goals. This concept calls for

arranging communities around open space or ecological assets while integrating features

that facilitate efficient travel, both vehicular and non-vehicular. Design guidelines call for

developments that cluster buildings into compact, higher density neighborhoods that take

up a smaller area than conventional developments, allowing the preservation of open

space and critical habitat. Open space systems that weave through neighborhoods such as

greenways, parks and community gardens are particularly effective. An interconnected

network of streets with attractive pedestrian routes is believed to enhance the walkability

of a community. Other spatial considerations are locating neighborhoods near

commercial centers and pedestrian only paths with frequent intersections.

Sustainable Development in Urban Settings 

The accelerating move of human populations from rural to urban environments

makes the search for more sustainable development in urban centers even more critical.

From 1950 to 1990 the world's urban population increased by 200 million to about 2

billion. That pace accelerated in the 1990's as the world's urban population was expected

to increase by 50% to 3 billion during just one decade. By 2025, the UN projects that 5.1

billion people will reside in urban areas, an increase of 70% (UN, 1994). Even though

cities cover less than 2% of the earth's surface, they use 75% of its resources (Noorman
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and Uiterkamp, 1998). These and other factors have contributed to the urgency that

proponents of sustainability have placed on human development in urban areas.

The concept of sustainable development is a reaction to the way that human

development has occurred over the past 200 years and especially as a result of

degradation and ecological destruction that has resulted from advancements in

industrialized nations. Silberstein and Maser (2000) identify two trends that have

contributed to harmful development patterns in the United States. One is the conflict

between the preferences given to the rights of individual property owners over the

common good. The other is the `reductionist mechanical world' that has resulted from

industrialization and market driven economies. Traditional measurements of success,

namely gross domestic product, measure all growth in the economy, no matter how

harmful to the quality of life or environment. In contrast, the concept of Genuine Progress

Indicators is a system, which factors in the value of nature's inherent services (the value

of natural systems and ecosystems that support human life) when measuring economic

development (Redefining Progress, 2000).

White (2001) identifies the industrial revolution as a process "of human

enrichment based on fossil fuels, chemically controlled agriculture, deforestation,

depletion of marine resources and so on" which benefits humans in the short term but at

the enormous price of ever increasing consumption of the earth's resources. Post World

War II development, in particular, had a major influence on current development

practices as the huge demand for housing and a wholesale embracing of technologies,

particularly the automobile, initiated the trend towards sprawling development patterns.
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Nature and the City

Several theorists and planners have promoted the idea of returning nature to urban

centers. Research presented by Spirn (1984), Hough (1984) and Thayer (1994) make the

most forceful arguments for employing natural processes to ameliorate the harmful side

effects of human development. In 1984 landscape architect Ann Whiston Spirn wrote the

book, The Granite Garden, a poetic argument for integrating nature and human design. In

her view, nature should mold the form of the city and the city should celebrate and utilize

natural processes. Within four major categories, air, earth, water, and life, Spirn provides

an accounting of how urban forms obliterate or alter natural processes and how

ecologically sensitive design and planning can help solve these problems. In the same

year, Canadian designer Michael Hough (1984) produced the book, City Form & Natural

Process, whose central thesis is "that the traditional design values that have shaped the

physical landscape of our cities have contributed little to their environmental health, or to

their success as civilizing, enriching places to live in." Much like Spirn, he proposes new

and constructive ways to view cities so that natural processes inform design. Examples

include use of vegetation to effect microclimate, the use of open space in urban areas for

groundwater recharge and purification and an emphasis on native plant species when

planning urban parks and open space.

Sustainable Development at the Local Level

Increasingly, cities and communities are being seen as the best places to

implement sustainable design practices. As pointed out by Brugmann (1996), cities and

towns are responsible for the planning and implementation of many systems and
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regulations that affect how development occurs and therefore implementing global

environmental mandates must start at the local level. Perks and Van Vliet (1993) also

point out that the focus for implementing sustainable design should fall on municipalities

because that's where development takes place. Global environmental problems are seen

as the sum of many local policies and actions. In addition, cities are identified as centers

of exploitative resource use, wasteful consumption and export of pollution. Given this

and the projected growth of urban areas, finding sustainable solutions to development

pressures within cities is often seen as a critical goal.

Creating healthier cities is not a new idea among planners and social reformers.

Ebenezer Howard, who became concerned with uncontrolled growth around urban

centers, introduced the garden city concept in 1898. His scheme called for the creation of

new towns rather than increasing populations in existing cities. These new towns or

garden cities were self-sufficient towns that included a unified system of community land

ownership, a mixture of industrial and residential land uses and a cultural core

surrounded by greenbelts. Howard envisioned a series of these towns connected by a

regional mass transit system. While some researchers see Howard's ideas as a precursor

to sustainable urban design principles, Jacobs (1961) believes Howard's theories were

based on a faulty understanding of what makes a healthy, functioning community,

resulting in the mass exodus away from vibrant, diverse urban centers that resulted in the

placeless suburbanization that became predominant in the later twentieth century.

As a response to urban sprawl and environmental degradation, various movement

and initiatives have occurred that aim to promote more sustainable cities. In 1986, the
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loose affiliation of communities worldwide and called for healthy cities to meet the basic

needs of the inhabitants while preserving environmental quality and promoting citizen

involvement in the decision-making process (Jacobs, 1991).

The Eco-City Movement is a relatively new concept in urban planning. While the

term only become well known in the last decade of the twentieth century, it's origins lie

in a non-profit organization founded in Berkeley, California in the 1970's called Urban

Ecology, which aimed to 'rebuild cities in balance with nature'. The Eco-City movement

cites 10 principles on which eco-cities can be built. These include revision of land use

priorities to promote compact, diverse, green and vital mixed-use communities near

transit nodes; revise transportation priorities to favor pedestrian, bicycle and transit over

automobile use; restore damaged ecosystems in urban areas; create affordable, safe,

racially and economically mixed housing; promote recycling and reduction of pollution;

support ecologically sound business activities and increase awareness of the local

environment (Roseland, 2001).

One of the most substantial initiatives to promote sustainability at the local level

is chapter 28 of Agenda 21, an action plan that resulted from the Rio Earth Summit in

1992. Also known as 'Local Agenda 21' this chapter is an appeal to local authorities to

implement many of the sustainable development actions required to achieve goals of

sustainability on a global scale. Unlike other initiatives and movements, LA21 is seen as

a strategic plan that comes from a consultative process initiated by local authorities with

citizens and other relevant stakeholders. Each community is required to come up with
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their own local agenda for how sustainable development can be achieved within their

own domain. The plan should be relative to the nature of the community in question and

would be expected to evolve dynamically over time (Lafferty, 2001). More than 1,500

local governments from 49 countries have established 'Local Agenda 21' processes

(Brugmann, 1996).

Other movements that fall under the umbrella of sustainable urban development

include Smart Growth, New Urbanism, Neotraditional Town Design and Transit-

Oriented Development (TOD). Smart growth proponents believe that economies can

develop without jeopardizing the ecological integrity of an area by choosing a clustered

pattern of growth and directing growth to existing urban centers where infrastructure

already exists. New Urbanism is a movement that was founded by a group of architects

who "stand for the restoration of existing urban centers and towns within coherent

metropolitan regions, 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." (Congress for the New Urbanism, 1998). Neotraditional

town design is a form of development that looks to the compact, pedestrian friendly

forms of pre-World War 11 communities. New Urbanist and Neotraditional projects,

however, often fall short of acknowledging the needs of the local ecosystem and are

criticized for focusing on image appeal and resurrecting a feeling of nostalgia without

really creating cohesive, vibrant communities (Patterson and Connery, 1997). TOD,

advocated by Calthorpe (1993) and others, also call for a return to the traditional

development patterns of dense, clustered, multi-use communities that are transit oriented,
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rather than designed for exclusive use of automobiles. While Calthorpe acknowledges the

need to consider the underlying ecology of an area before development, his focus has

been on directing development to existing urban centers through infill and adaptive re-use

and turning to greenfield development as a last resort.

The common thread that runs through these movements is their opposition to the

sprawling development patterns of ubiquitous, sterile neighborhoods, strip-malls and

transit planning that only considers automobiles at the exclusion of all other forms of

transportation. These movements also advocate planning as a proactive tool that

anticipates the need to integrate human and natural systems, rather than a reactive

exercise. The major obstacle to implementation of these concepts is the changing societal

preferences for social isolation and distrust rather than closer proximity to neighbors,

technology over nature, private versus public needs and a focus on short-term savings

over long-term value. The challenge of sustainability is to balance these contradictory

forces.

Examples of Communities Promoted as Ecologically Designed

Three community projects that incorporated ecological design principles have

been chosen for discussion. They are The Woodlands near Houston, Texas; Village

Homes in Davis California and Civano-Tucson Solar Village in Tucson, Arizona. These

projects serve in the literature as models of sustainable design. As with any attempt, some

are more successful than others.

The Woodlands was conceived in 1970 as a new town that would ultimately

serve a population of 150,000 on 22,000 acres of pine-oak woodlands north of Houston,
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Texas. The primary goal of the developer was to create a community that would exist in

harmony with nature. The designers, Wallace McHarg Roberts and Todd, realized that

one way to achieve this was to preserve the existing natural drainage of the site and to

design a natural drainage system to accommodate stormwater runoff from development.

This was accomplished by locating major roads and dense development on ridgelines and

higher elevations, preserving the floodplains of two major creeks and preserving the

associated vegetation that support a diverse and abundant native wildlife. The natural

drainage system is composed of two parts — one stores and absorbs rainfall from frequent

stonns, the other drains floodwater from large stornis. Water is impounded in areas of

well-drained soils and ponds to absorb or store water close to where it falls. Areas

designated as 'recharge soils' were left undeveloped to aid in the function of groundwater

recharge. Models estimate that the increase in peak flows from development in the

Woodlands would increase by 55% as compared to 180% found in conventional

development. The natural drainage system was tested during a record storm event in 1979

where nine inches of rain fell in five hours. No houses flooded in the Woodlands while

neighboring subdivisions were inundated. In addition, engineers estimated that the cost of

the natural drainage system would save the developer $14 million over a conventional

storm sewer system (Spirn, 1984).

Village Homes, conceived as a model ecological community by developers

Michael and Judy Corbett, is a subdivision in Davis, California. The project began in

1973 and the first phase of construction was completed in 1982, a long time frame caused

by repeated battles with city planning and public works departments. Limiting zoning and
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ordinances restricted many of the ecological design principles originally proposed for the

project. The 70-acre site included 220 single-family homes and 20 apartments. One of the

most successful achievements of Village Homes is the cohesive sense of community

fostered by design. Homes are clustered on small lots in groups of eight around a

common green space and community garden plots and orchards provide opportunities for

social interaction. Roads are tree lined and much narrower than conventional

developments and there are more bike and walking paths than roads. This provides a

more pedestrian friendly atmosphere and the reduction in asphalt reduces heat gain in the

summer. Roads are arranged so that homes can be oriented to maximize solar exposure.

All homes in the development employ either passive or active solar energy designs.

Stormwater is conveyed to a natural drainage system that allows recharge of the local

groundwater and irrigation of vegetation. Drought-tolerant plants are utilized throughout

to minimize water use. Measures of success in Village Homes include the following

statistics: residences in Village Homes are 50% more energy efficient than surrounding

developments; a 1990 study found that residents use 36% less energy for vehicular

driving, 47% less electricity and 31% less natural gas than a conventional neighborhood

control group; Village Home residents know 50% more of the neighbors than do

residents in neighboring developments and the desirability of Village Homes as a place to

live has resulted in homes selling for $11 per square foot more than others in the area

(Center for Excellence in Sustainable Development, 2003).

Civano-Tucson Solar Village was planned to be a model of sustainable

development in an arid climate. Planned for 820 ac., Civano carried the ambitious goal of
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being a project that would demonstrate the marketability of sustainable community

design, on a large scale, at affordable prices. Original plans for the community called for

a compact core with a full range of employment opportunities and dwelling types, single

and multi-family, which would accommodate a wide range of incomes. A joint project

with broad public and private input, active planning began in 1989, which resulted in a

Master Development Plan in 1992. Original performance targets included reduction of

energy consumption by 75% and water consumption by 65%; reduction of solid waste by

90%; reduce air pollution by 40%; provide one job within the community for every two

residential units built; limit auto access by developing an internal transportation

circulation pattern that encourages pedestrian and bicycle use and provide housing that is

affordable. In 1994 the performance targets were updated with goals for the most part

that would reduce energy and water demands below metropolitan Tucson baseline levels.

The guidelines developed were specific and extensive. A sampling of the requirements

included: 1) orient buildings to the optimal solar exposure; 2) choose landscape

vegetation and hardscape coloration that minimizes increased ground temperature; 3)

irrigate landscaping with non-potable water or harvested rainwater; 4) use of solar

technologies in building construction including shading, daylighting and high

performance construction materials; 5) set aside land for photovoltaic energy generation;

6) use of xeriscaping standards and high-efficiency irrigation systems to reduce water

use; 7) use of through streets rather than cul-de-sacs to reduce air pollution; 8) require all

streets to have sidewalks or multiuse trails to encourage the use of alternative modes of

transportation; 9) emphasize on local employment with a requirement that a percentage of
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commercial space be constructed for every residential unit; 10) a wide mix of housing

types with the overall requirement that 20% be priced for low-income households

(Sustainable Communities Network, 2003). Construction of the first homes in Civano

began in 1998.

Of the three projects discussed, Civano has received the most criticism for failing

to achieve many of the goals that were set forth in the planning phase. Located on the

extreme fringes of an already sprawling metropolis, Civano contributes to the runaway

urban sprawl that has become so common in the area. While the community itself is

designed to promote a pedestrian-friendly atmosphere, the development is located 10-15

miles from the urban center. Commuting by walking or cycling are not viable options for

most people who live in Civano. Transit is also not an option; the closest bus stop is four

miles away. Since Civano is greenfield development, an investment of $6 million dollars

was required to build infrastructure and roads, $3 million of which was subsidized by the

City of Tucson. Many of the original mechanisms for furthering the sustainability of the

project, such as jobs for residents, water harvesting and photovoltaic energy generation,

have not materialized to the extent originally planned (Tucson Weekly, May 1998;

personal communications).

All three communities offer lessons in terms of ecological design. Both The

Woodland and Village Homes provide valuable data on cost and resource savings

associated with design that is more sensitive to the environment. The natural drainage

system in The Woodlands offered up-front monetary savings to the developer and long-

term savings to the residents in flood abatement. Village Homes is a testament to the
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sense of community that can be fostered when ecological design features are highlighted.

Civano serves to remind us that goals of sustainable development are negated when well

designed 'green' neighborhoods are placed on the urban fringes by encouraging added

sprawl.

Indicators of Sustainability

The most commonly used tool to evaluate the impact of sustainable development

is the use of sustainability indicators. Much has been written about sustainable

community indicators and how they can be used to assess the sustainability of

communities and towns. Sustainability indicators measure progress towards or away from

some preset target or goal that will lead to a more sustainable community. They also

provide a framework to clarify the inherently complex subject of sustainable

development so that citizens and decision makers can better understand the status of their

community (Hart, 1995; Maclaren, 1996; Hillier, 2000). Vdsconez (1999) describes local

environmental indicators as a way to measure environmental conditions. He states that

"In the urban context, indicators have great relevance to reveal the specific urban-

environmental dynamics. Since indicators are not fixed measurements, but rather

dynamic estimates, they help in collecting information as well as plotting trends."

Indicators of sustainability, like sustainable development, need to be integrative.

Researchers agree that for indicators to be effective, they should strive to link the three

domains of sustainability; environment, economy and society (Hart, 1995; Maclaren,

1996). An example of an effective indicator can be found in Seattle, Washington's

sustainability indicator program—the number of salmon returning to spawn in local
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streams (Sustainable Seattle, 1998). This indicator touches on ecological health (water

quality) and economic aspects (salmon fishing as an important industry for the area).

Kline (1993; 1999) points out the difference between what she calls 'vital signs' and

'sustainable community indicators'. Vital signs include measurements that tell a

community the progress of certain programs or projects such as number of jobs or the

amount of violent crime within a time frame but do not indicate the community's level of

sustainability. For example, a community may monitor the number of wetlands lost.

These figures, however, do not measure how effectively the remaining wetlands function

in terms of flood control or wildlife habitat. Other criteria necessary for effective

indicators of sustainable communities are that they be forward looking, that they are

reliable, easily understood, that data is relatively easy to collect, that they advance local

and global sustainability goals and are based on timely information (Hart, 1995;

Maclaren, 1996; Miller, 1999).

It is important to acknowledge the limitations of indicators when it comes to

evaluating a community. Indicators of sustainability are simplifications of complex

phenomena. They are able to give hints about what is going on in a community but

cannot tell the whole story. In order for indicators to be meaningful, a wide range must be

used. This tends to make decision-making more difficult and can lead to double counting

of individual parameters (Maclaren, 1996). Also, setting targets and goals can be

difficult, especially in the environmental realm where it is often difficult to tell where

thresholds between sustainable and unsustainable practices lie (Maclaren, 1996; Miller,

1999).
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Assessing Ecological Design in Urban Neighborhoods 

While much has been written about pre-development environmental assessment

of built projects, the literature is lacking when it comes to assessing existing

neighborhoods for ecological design characteristics. The following is a discussion of

several research projects that aim to assess sustainability by examining ecological design

at the neighborhood/community scale.

Research conducted by Perks and Van Vliet in 1991 investigated the

characteristics and factors of success in 30 Scandinavian communities that purport to

further the goals of sustainability in design, implementation and management. The

purpose of the project was to discover successful characteristics that could be applied to

community designs in Calgary, Canada. The communities were evaluated based on

approximately 140 sustainability features. One outcome of the research was the

determination of nine characteristics consistently present in successfully designed

communities. These characteristics are:

• The design and planning enhanced the feeling of community and resident
participation.

• The designs preserved key natural features and provided an effective balance
between public and private space.

• Housing and other built forms capitalized on optimal orientation and building
materials that were appropriate for local climate.

• Designs included opportunities for energy, water and land conservation.
• Waste management as addressed through disposal reduction, recycling and re-use.
• Design of transportation that induced less reliance on the automobile.
• Use of landscaping and urban greening optimized the retention/preservation of

local landscape features.
• Community based food production was provided for.
• Protection of soil, air and underground water
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Research conducted in October 2000 by the Natural Resources Defense Council

(NRDC), in cooperation with the Environmental Protection Agency (EPA) titled

Environmental Characteristics of Smart Growth Neighborhoods asks the question, do

smart growth neighborhoods show measurable environmental benefits? The general

format of the study was to: 1) identify key indicators of environmental performance

applicable to new developments, 2) apply the indicators to a test comparison of smart

growth neighborhood design versus conventional development and 3) provide

recommendations for the design and execution of future case studies. The case study

method was employed to evaluate the neighborhoods selected. Using the 27 principles in

the Charter of the Congress for the New Urbanism to define a smart growth

neighborhood, a community in Sacramento, California called Metro Square was chosen

from a database of new urbanist projects. Metro Square is a high density, infill project

located near the center of Sacramento. Two conventionally designed projects on the

edges of Sacramento were chosen for comparison. Next, a comprehensive set of

environmental issues that could theoretically be affected by neighborhood design was

identified. Those included land consumption, resource land conversion, open water

preservation, water consumption, stormwater runoff, infrastructure construction-

embodied energy use (energy that was used in construction when infrastructure was

built), travel-related energy use, travel-related air pollutant emissions and travel-related

greenhouse gas emissions. Local databases were then examined to determine data

availability for the environmental issues identified. From this, a list of built environment

indicators and indicators addressing travel behavior were devised. Due to the limited
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scope of the study no definitive conclusions could be reached however, the study did find

enough significant differences in the built environments and travel characteristics to show

that design and location features associated with smart growth neighborhoods may

provide notable environmental benefits.

Research by Paterson and Connery published in 1997 titled Reconfiguring the edge

city: the use of ecological design parameters in defining the form of community identified

ecological design criteria employed in the creation of exemplary sustainable communities

in North America and Europe. These criteria, culled from ecologically based planning

and design parameters from approximately 70 projects, were condensed into six general

categories: Energy, Water, Waste, Vegetation, Housing and Spatial Form. Examples

include optimal orientation of buildings for energy savings, integration of existing

drainage with stormwater management, processing wastewater in solar aquatic

greenhouses, the use of urban forestry and community agriculture to increase vegetation

and high density, compact housing patterns that promote alternative modes of

transportation. These design parameters were then applied to two communities in the

suburbs of Vancouver, British Columbia, one, a typical edge city development, the other,

a model ecologically designed sustainable city. Basic quantitative and qualitative

comparisons were made and the study concluded that a high level of sustainability is

attainable when ecological design parameters are employed.

The study that resulted in the 2000 publication, Green Neighborhoods: Planning and

Design Guidelines for Air, Water and Urban Forest Quality by Girling et al. conducted

by the Center for Housing Innovation is different from the other three studies in that the
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assessment was made pre-development. The outcome of the study was the development

of ecological guidelines for neighborhood and community development. In this study,

three alternative development schemes were created for a demonstration site on 311 acres

in the mid-Willamette River basin in Oregon. The three schemes were a conventional,

low density 'status quo' plan, a denser 'neighborhood village' plan based on new urbanist

principles of mixed use and compact development and an 'open space' plan with similar

densities and land use mixes as the neighborhood village plan with more of a focus on

open space, forest preservation and natural stormwater features. Each plan was

inventoried for summary data such as land use area, building coverage, paving coverage,

forest and turf coverage and so on. From these inventories, environmental impacts (such

as impervious surfaces, areas of landscape, forest preservation, stormwater runoff and

water quality) were measured. The results of the study were that different development

patterns reveal significant differences against measures of land use, environmental

impact, transportation and infrastructure cost. Of the three alternatives, the open space

design provided for more greenways and parks and better protection of riparian corridors

and wetlands. The neighborhood village and open space plan provided a more extensive,

interconnected network of streets than the conventional plan that lead to lower average

walking and bicycling times for trips to shopping areas. The open space plan showed the

highest level of preservation of existing forests and highest percentage of tree canopy

coverage overall. In terms of natural drainage, the open space plan used a partial piped,

partial open drainage system, resulting in a lower peak flow and evidence of pollutants

than the other two schemes, with a 17% lower infrastructure cost. Of the three plans, the
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neighborhood village plan had the highest level of impervious surfaces. Finally, the open

space plan, through the increased retention of vegetation, vegetated swales, stonnwater

ponds and wetlands filtered 99% of the urban runoff.

While the goals and objectives of these four research projects were different,

similarities included the use of environmental indicators that were specific to the unique

situation of each setting. All four studies provide clues to how the ecological functioning

of neighborhoods can be evaluated.

Summary 

Sustainable development is increasingly being seen as one method for

ameliorating the negative effects of human development on the environment. Practices,

such as water harvesting and mass transit, which were commonly used prior to the

dominance of modern technologies, are now being seen as preferable in terms of

sustainability. Ecological design techniques are being used increasingly to help

communities address the needs of sustainable development. These techniques can be

integrated into community design as proactive measures. Numerous examples of success

exist.

Indicators of sustainability are often seen as an effective way to determine the

presence of sustainable practices within communities. While it is not possible to

precisely measure the sustainability of a community, or even if a community has reached

the point of sustainability, it is possible to detect trends over time. Indicators can provide

insights into whether ecological design characteristics are prevalent throughout a

community, providing comparisons for future studies. For this reason, studies that
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evaluate neighborhoods in terms of their use of EDP's are needed and currently lacking

in the literature. Such studies would increase the knowledge base concerning which

indicators prevail over time as being useful, timely and relevant. Studies of ecological

practices at the neighborhood scale are also needed to inform best practices for the design

of future communities, since this is most often where development occurs.
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METHODS

19 out of 47 neighborhoods with areas of approximately 0.5 sq. mi. inside the

Tucson, AZ city limits of various age categories were evaluated for this study. The

evaluations of neighborhoods took place from January 2003 to February 2003. Each site

was evaluated for the presence and level of ecological design indicators using a data

collection sheet (see Appendix A) based on EDP's that were determined in the literature

review to help further goals of SD.

Site Selection

Neighborhoods were chosen from a list of Tucson Neighborhood Associations.

Only neighborhoods within the Tucson valley basin and within city limits (Figure 1) were

included in the study to insure consistency of neighborhood type and landform. For

example, neighborhoods in hilly areas may be structurally different simply because they

respond to different landforms. Neighborhoods with equivalent areas of approximately

0.5 sq. mi. were chosen to further reduce variability among neighborhoods compared in

the study. This size was chosen for its compatibility with issues of sustainable design

such as walkability (Girling et al., 2000; NRDC, 2000). The neighborhood association

descriptions were used to define the boundaries of the neighborhoods. This list, however,

was lacking in the number of newer neighborhoods. To compensate, 11 subdivisions that

were approximately 0.5 sq. mi. and that were built in the last 40 years were added to the

list resulting in a total of 47 neighborhoods. Four neighborhoods were eliminated from

the sample because their construction spanned 20 or more years, making it difficult to

determine age. One neighborhood was eliminated due to its extremely high density of
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25.9 RAC when compared to the other neighborhoods which all fell within a range of

0.9-8.2 RAC. Two were eliminated because RAC data was not available. RAC data was

obtained from the 2000 Pima County census. The resulting list of neighborhoods, totaling

39, was then divided into the following age groupings: 30 years and younger, 31-50

years, 51-70 years, 71-90 years and 90+ years. RAC was calculated for each

neighborhood averaging 3.4 for the sample. A range of 2-4 RAC was then chosen as the

determining factor for which neighborhoods would be selected from each age group,

further reducing variability among sampled neighborhoods. The following method was

used for selection, resulting in a sample of 20 neighborhoods for evaluation.

<30 years
31-50 years
51-70 years
71-90 years
90+ years

7 neighborhoods
12 neighborhoods
10 neighborhoods
7 neighborhoods
3 neighborhoods

4 within 2-4 RAC
7 within 2-4 RAC
5 within 2-4 RAC
3 within 2-4 RAC
3 within 2-4 RAC

all four were chosen
randomly pick 5
all five were chosen
all three were chosen
all three were chosen

After site visits to all neighborhoods, it was determined that one of the three

neighborhoods in the 90+ age group, El Presidio, had to be eliminated from the sample

due to the high percentage of government and commercial facilities and a predominance

of multi-unit housing. This neighborhood had a very small area comprised of single-

family homes, when compared to the other neighborhoods in the sample, and was

therefore, considered too different from the other neighborhoods. The final sample

consisted of 19 study neighborhoods (Table 2).

Study Design

A list of EDT's that would be used to assess neighborhoods was compiled from

the literature review. This list was grouped into five general categories identified in the
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Table 2. Study neighborhoods in Tucson, Arizona.

Site No. Age Range Name Age RAC
1 < 30 years Ridgeland Park 19 2.1
2 Irvington 14 2.0
3 Valley View Estates 27 3.1
4 Harrison Hills/Hearthstone 29 2.6

5 31-50 years Thunderbird Heights/Wilmot Desert Estates 45 2.4
6 Duffy 42 2.9
7 El Dorado Hills/Green Hills 39 3.2
8 Tucson Park West 33 3.9
9 Naylor 44 2.7

10 51-70 years La Madera 56 3.7
11 Broadmoor-Broadway 58 3.2
12 National Cities 60 4.0
13 Catalina Vista 62 1.9
14 San Gabriel 64 3.9

15 71-90 years Richland Heights West 76 1.9
16 Mitman 79 3.8
17 Samos 80 2.7

18 90+ years Barrio Viejo 130 2.8
19 Barrio Santa Rosa 99 2.2
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literature as relevant to issues of sustainability. They were; air quality, water quality,

energy use, spatial arrangement and vegetation. The variables that comprise each

category were measured and compiled into indices (table 3).

Table 3. Variables that comprise the five indices for this study.

Air Quality:	 number of bike routes + number of bus stops + number of walkable
destinations + distance from geographic center of town + presence of
regional trail system

Water Quality: percentage of pervious surfaces + method of water conveyance

Energy Use:	 percentage of buildings with the long axis oriented east-west

Spatial	 occurrences of open space + presence of alleys + level of street
Arrangement: interconnectivity

Vegetation:	 percentage of area covered by vegetation + percentage of total native
vegetation

Prior to evaluation, aerial photographs and maps of each neighborhood were

obtained. The aerial photographs were taken between 1998 and 2000. The values from

the five indices were then combined into a total EDT index to determine what overall

trends, if any, existed in the use of EDP's as they relate to sustainability.

Data Collection 

Data was collected using three methods. Field visits were conducted to gather the

following information; numbers of walkable destinations, percentage of roads with space

to walk (sidewalks, earthen shoulders trails, etc), presence of open space or greenways,

the percentage of vegetation that is native as an estimate of major species in visible areas

(front yards and public easements), and the method of water conveyance (engineered,
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natural systems or a combination of the two). Destinations were defined as grocery stores

or markets, open space or parks, restaurants and other folins of entertainment (bars,

theaters, etc), services such as banks and post offices, schools, churches, libraries and

other shopping.

Second, data was collected using the Pima County Department of Transportation

and City of Tucson GIS databases. These data included; distance of the neighborhood

from the geographic center of Tucson, number of bike routes coming into the

neighborhood, number of bus stops in and around the neighborhood and presence of

alleys. Some of the destinations, such as schools, parks, libraries and post offices were

also available and identified on the databases.

Third, aerial photographs were measured to determine the following; percentages

of area covered by vegetation, turf, pervious surfaces and percentage of buildings with

the long axis oriented east/west. In order to have more relatively homogeneous

comparisons, areas such as commercial facilities, parks, schools, and unaltered open

space within the neighborhood boundaries were excluded from the total area of the

neighborhood when calculating percentages of vegetation, turf and pervious surface

cover.

Data Interpretation 

Indices were prepared grouping variables into the five major categories (air

quality, water quality, energy use, spatial arrangement and vegetation) determined

through the literature review to be important in terms of furthering the goals of

sustainability and relevant to an arid climate.
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The index for air quality combined the following variables: 1) number of bike

routes crossing the edge or founing an edge of the neighborhood; 2) number of bus stops

within and along the edges of the neighborhood; 3) number of destinations available for

non-vehicular travel within .25 mi. of the neighborhood and within the neighborhood; 4)

whether or not the neighborhood was within 0.25 mi. of a designated trail system

(receiving a score of 1 for yes and 0 for no) and 4) distance in miles from the geographic

center of Tucson. These variables measure opportunities for alternative modes of

transportation and vehicular travel distances. One of the data sets, percentage of roads

with space to walk that was not part of the road (sidewalks, earthen shoulders, trails) was

eliminated because observations of pedestrian behavior indicated that this is not a critical

data element relating to walkability. Since air quality is primarily affected by automobile

emissions, these variables are useful in estimating how well a community design

promotes a reduction in air pollution (NRDC, 2000).

To calculate the air quality index, variables were standardized by dividing the

value for each site by the maximum value of that variable among all sites. This

standardization resulted in values that could range from 0 to 1.0. Each of the five

variables for each site were then multiplied by 0.2 (1 divided by 5 variables) and

combined, resulting in an air quality index with a weighting of 1.

The variables for water quality were combined in a similar manner to arrive at the

water quality index. Variables included percentage of area with pervious cover (percent

pervious cover was calculated by measuring the percentage of impervious cover of

structures and roads, adding those percentages together and subtracting that number from
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100%) and method of stormwater conveyance, receiving a score of 0 if the neighborhood

used an engineered system, 1 if there was a combination engineered and natural system

(wash, vegetated swale, retention basin) and a 2 if the stormwater was conveyed to

natural systems only. Limiting the amount of impervious surfaces and preserving natural

drainage are both identified as important in improving water quality (Paterson and

Connery, 1997). These two variables were standardized and multiplied by 0.5 and

combined for a weighting of 1 (1 divided by 2 variables). Evidence of soil erosion was

eliminated as a data element because only one neighborhood showed signs of erosion.

One variable was used to calculate the energy use index; percentage of building

with the long axis oriented from east to west. This orientation is considered optimal for

buildings in the Sonoran Desert by limiting summer solar exposure to the eastern

morning and western afternoon sun. This variable was standardized to give it a weighting

of 1.

The spatial arrangement index was determined by combining three variables.

Occurrences of open space within the neighborhood were counted, receiving .33 for the

presence of each of three types of open space, parks, schools or undisturbed natural areas.

For example, if a neighborhood exhibited all three types, it would receive a score of 1.

Presence of alleys was scored as 0 for no and 1 for yes since alleys are identified as

beneficial in making neighborhoods more pedestrian friendly by providing more routes

and placing services such as trash collection out of site (Perks and Van Vliet, 1993).

Third in this index was level of interconnectivity of streets with neighborhoods scoring 0

for limited (less than 40 percent of streets that cross two edges of the neighborhood), 1
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for partial (40-69 percent of streets that cross two edges) and 2 for full (70+ percent of

streets that cross two edges). Interconnected streets are valued in terms of making both

vehicular and non-vehicular travel more efficient, aiding in wayfinding and reduction of

vehicle miles driven (Calthorpe, 1993). The three variables for the spatial arrangement

index were standardized and multiplied by .33 and combined for a weighting of 1 (1

divided by 3 variables).

The final index, vegetation, combined values for two variables; percentage of area

covered by vegetation of any kind (excluding turf) and percentage of total native

vegetation, as an estimate of major species. The estimate of native vegetation was of

vegetation that was visible from public areas and streets. Vegetation was emphasized in

the literature as demonstrating multiple ecological values, for water and soil quality and

for shade and reduction of ground heat (Girling et al., 2000). One data element,

percentage of area covered by turf, was eliminated as a variable in this index due to the

difficulty in identifying turf areas on aerial photographs. In addition, areas of turf that

were visible upon site inspection were minimal, suggesting that this data was not critical

for this study. These two variables were multiplied by 0.5 and combined to form the

vegetation index.

A total EDT index value for each neighborhood was then calculated using the

following formula:

Total ED! Index = Air Quality Index + Water Quality Index + Energy Use Index + Spatial
Arrangement Index + [2 x Vegetation Index]
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The vegetation index was given a weighting of 2 in the total EDI index score because of

the multiple values of vegetation cited in the literature, including shade and microclimate,

water quality and soil stabilization. The mean score fore each age group was then

calculated to determine what, if any trends exist in the use of EDP's in Tucson

neighborhoods.

Due to the small sample size, comparisons of the quantitative values of air

quality, water quality, vegetation, energy use, spatial arrangement, total index and age

were conducted using Spearman's Nonparametric Ranked Correlation. Although not a

central part of the study, comparisons of above variables and average home values using

the same correlation were also conducted. The selling price of the most recent 15 home

sales in each neighborhood was obtained to determine the average home price.
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RESULTS AND DISCUSSION

This chapter focuses on results from the 19 neighborhoods studied relating to each

of the five general EDI categories, air quality, water quality, energy use and spatial

arrangement. Overall trends of neighborhoods and the presence of EDT's are summarized

at the end of the chapter. Due to the small sample size, results of this study could not be

considered conclusive however, this study was valuable in providing general descriptions

of ecological design trends in Tucson neighborhoods over time.

Air Quality

Any discussion about air quality relating to sustainable practices centers on a

discussion about modes of transportation. Providing alternatives to automotive travel is

central to the notion of ecological design and sustainability in cities. Among the

neighborhoods studied, the highest scoring neighborhood on the air quality index was

National Cities with five bikes routes, 17 bus stops and 55 walkable destinations, which

was the highest number of destination for all sites (Table 4). This neighborhood, at 60

years old (in the 50-70 year age range), was within 0.25 mi. of the Santa Cruz river trail

system however, it was 6 miles from the geographic center of town (mean value = 5.1).

The Roy Laos Transit Center, a municipal bus transfer station, was located along the

southern edge of the neighborhood. The lowest scoring neighborhood was a younger

neighborhood, Valley View Estates (age 27) with 4 bike routes, 5 bus stops and 9

walkable destinations. It is not near a multiuse trail system and is 4 mi. from the

geographic center of town. Interestingly, the neighborhood that was farthest from the

center of town (9.3 mi.), Tucson Park West, also had no bus stops indicating that
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there were no alternative means of motorized transportation provided for this

neighborhood.

Statistical results indicate that this category showed a significant correlation

between age and the air quality index, suggesting that Tucson neighborhoods are trending

away from the presence of transportation EDI' s over time (P <0.007). This is due in part

to the distance of newer neighborhoods (less than 30 years) from the center of town,

which demonstrates a missed opportunity to use infill and redevelopment, rather than

greenfield development. With the exception of Irvington, these younger neighborhoods

had a lower number of destinations within walking distance, also due to their remote

locations. In addition, most newer neighborhoods are not near or linked to a regional trail

system. Two of the newer neighborhoods that were farthest from the center of town,

Ridgeland Park and Harrison Hills/Hearthstone had few bus stops (two and three

respectively). In addition, the bus stops were located at one corner of the neighborhood,

making them difficult to reach if walking from the opposite corner of the site.

Calthorpe (1993) emphasized the importance of designing communities as tightly

clustered, multi-use centers connected by public transit as a way to further goals of

sustainability by reducing the reliance of automobile use. In cities such as Portland,

Oregon, public transit options such as light rail have been prioritized as ways to reduce

automobile use, and therefore air pollution. The air quality indicators used in this study

seem to indicate that these principles have not been emphasized in Tucson. The fact that

adequate public transit has not been provided for in the newer neighborhoods on the

urban fringes or that those neighborhoods were not located closer to urban centers in the
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first place seems to indicate that automobile use has influenced how our neighborhoods

are designed. The automobile appears to have been the only transportation option

considered for many of these neighborhoods.

Water Quality 

The percent coverage of impervious surfaces can affect water quality negatively

due to increased pollutants associated with stormwater runoff, increased soil erosion and

the prevention of rainwater's penetration into the soil to replenish groundwater (Girling et

al., 2000). In this study, the percentage of pervious surfaces was measured as one variable

that made up the water quality index. There was not much diversity in this variable. 16 of

the 19 neighborhoods ranged from 60-70% pervious surfaces (Table 5). This could be

because no matter the age, most neighborhoods are required to conform to standard road

widths and paving guidelines. Richland Heights West (76 years old) was the only

neighborhood in the sample with unpaved roads, even though it was located in a highly

urbanized area and had the highest percentage of pervious surfaces at 81.1%. In fact,

when this neighborhood is excluded from the sample, the remaining 18 neighborhoods

showed a fairly homogeneous range of 13-22.5% of impervious surfaces attributed to

roads alone. The lack of variability in pervious surfaces could also be explained by the

relatively narrow density range of 2-4 RAC, which may have caused the percentage of

impervious surfaces from structures to occupy a similarly narrow range. The two

neighborhoods with the lowest percentages of impervious surfaces from structures were

Barrio Santa Rosa at 8% and Richland Heights West at 9.9%. When these two

neighborhoods are excluded, the remaining 17 neighborhoods fall into a somewhat
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narrow range of 13-25% impervious surface coverage from structures.

While there is no clear scientific threshold that indicates at what point the amount

of impervious coverage becomes detrimental to water quality, studies indicated that

stream, lake and wetland quality decline sharply when impervious cover in upstream

watersheds exceed 10% (Center for Watershed Protection, 1998). All of the

neighborhoods in this study exceeded this level. While it may not be realistic to limit the

amount of impervious surfaces in a highly urbanized area to 10% or less, most

neighborhoods in this study had road widths that seemed excessive for the volume of

traffic that was apparent during site visits, with the exception of the two oldest

neighborhoods, Barrio Viejo and Barrio Santa Rosa which had relatively narrow streets.

Also examined and included in the water quality index was the method of

stormwater conveyance. Ecological design principles that aim to further goals of

sustainable development call for the use of natural drainage systems over engineered

systems. Augmenting natural drainage networks can utilize natural hydrological patterns

such as infiltration and groundwater recharge to purify water. Natural drainage systems

can provide less expensive, more direct treatment of stormwater than engineered systems

while, in some cases, preserving wildlife habitat (Girling et al., 2000).

Four neighborhoods, Catalina Vista, Harrison Hills/Hearthstone, Mitman and

Samos, used engineered systems composed of mostly curb and gutter and storm drains

(Table 5). These were also the four lowest scoring neighborhoods on the water quality

index. Two washes, Eastview Wash and Spanish Trails Wash, run through the Harrison

Hills/Hearthstone neighborhood but have been converted into trapezoidal channels so this
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neighborhood was rated as engineered. This is unfortunate due to the vegetation and

wildlife value these smaller washes can provide if left in their natural state. This was also

the only neighborhood that had evidence of soil erosion, although the erosion was not

connected to the trapezoidal channels. Tucson Park West was the only neighborhood that

conveyed water to several natural systems including a vegetated wash and low lying

natural basins (Figure 2). In addition, the streets in this neighborhood were predominately

gutterless. Water was directed either to washes in or adjacent to the neighborhood or to

vegetated areas along the roads (Figure 3). This was the highest scoring neighborhood on

the water quality index.

The remaining 14 neighborhoods had a combination of some type of engineered

and natural system. The typical configuration was curb, gutter and storm drains along the

edges, which were usually major streets, while the interior water was directed to a wash,

vegetated swale or detention basin. In several neighborhoods, such as San Gabriel and

Naylor, the interior streets were gutterless and the stormwater was allowed to percolate

into earthen shoulders or vegetated areas. In some neighborhoods such as Barrio Santa

Rosa, water was directed to storm drains that then emptied into a wash that runs through

the neighborhood (Figure 4).

In terms of the age of neighborhoods, there was no clear trend towards or away

from the presence of EDI' s as they relate to water quality. This could be due to the lack

of diversity in the pervious surface variable. In addition, all but one neighborhood

conveyed water to either a fully engineered or combination natural and engineered

system. This could be indicative of a citywide policy to standardize the method of



Figure 2. Vegetated wash in Tucson Park West neighborhood

Figure 3. Streets of Tucson Park West neighborhood
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Figure 4.
Drainage that empties into wash adjacent to Barrio Santa Rosa
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stormwater conveyance, overlaying engineered systems on neighborhoods of all ages,

perhaps in an effort to make all stormwater systems uniform. This would have the effect

of eliminating any relationship between water quality indicators and age since most

neighborhoods would have similar water conveyance methods, regardless of age. This

seems to reveal a preference for engineered over natural solutions to stormwater

management in Tucson.

Energy Use

Only one EDI, the orientation of buildings, could be measured with the methods

used in this study. The focus in a hot, arid climate is on eliminating as much summer

solar exposure as possible by orienting the long axis of buildings along an east-west

direction. Therefore, the percentage of buildings that were oriented along an east-west

direction in each neighborhood was calculated. National Cities had the lowest percentage

of buildings oriented this way at 83.2% followed closely by Barrio Santa Rosa at 83.5%

(Table 6). The highest was El Dorado Hills/Green Hills at 99.3%. The mean standardized

index value for each age group did not vary greatly (0.91 to 0.94) with the exception of

the 90+ age group (Table 6). This age group, consisting of Barrio Viejo and Barrio Santa

Rosa neighborhoods, had lower percentages of buildings oriented east-west at 86.2 and

83.5 respectively, with a mean standardized value of 0.86. This may not provide a true

estimate of energy use however since many buildings in these neighborhoods were built

during a time when traditional building materials were used that are suited for a hot,

desert climate. They often had thick adobe walls, small windows and were tightly

clustered or connected, which offer cooler temperatures in the hot summer months by
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limiting solar exposure. This index did not provide a clear trend over time towards or

away from the use of energy in terms of how the buildings are oriented. This variable

may not be useful in predicting such trends however, most neighborhoods had high

percentages of buildings oriented east-west (the lowest being Samos at 83.2%) indicating

that building orientation may have been a consideration when these neighborhoods were

designed.

Spatial Arrangement

Spatial arrangement, also referred to in the literature as spatial form, is an

assessment of the overall layout and connectivity of neighborhoods and how the

neighborhood relates to the surrounding community. Neighborhoods with optimal spatial

form usually have fully interconnected streets, pedestrian oriented paths, are organized

around open space and are near commercial centers (Paterson and Connery, 1997).

The level of interconnectedness of street layout among the 19 neighborhoods in

this study was evaluated (Table 7). A study conducted for the American Society of Civil

Engineers, found that an interconnected, grid-like network of streets reduced automotive

congestion by 33% and provided more direct routes for pedestrian travel when compared

to conventional suburban street designs that often rely on non-connected streets and cul-

de-sacs (Calthorpe, 1993). Neighborhoods in this study were rated with either fully,

partial or limited street interconnectivity (Figures 6, 7 and 8). All neighborhoods in the

90+ age group and 71-90 age group as well as one neighborhood in the 51-70 age group

had fully interconnected streets, indicating a preference for this form in older

neighborhoods. Only one neighborhood in the less than 30-year age group, Irvington, had
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Figure 5.
Mitman neighborhood—Full street connectivity
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Naylor neighborhood—Partial street connectivity



Figure 7.
Ridgeland Park—Limited street connectivity
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fully interconnected streets. Newer neighborhoods seemed to not emphasize

interconnectivity of streets. Three of the four neighborhoods in the less than 30-year age

group were rated as having limited connectivity as well as two of the five 31-50 age

group neighborhoods. All neighborhoods rated with partial connectivity were in the 31-

50 and 51-70 age groups.

Presence of alleys was noted in that alleys provide additional, and in some cases

more direct routes for pedestrian travel, aid in wayfinding and remove services such as

trash collection from the fronts of homes, allowing a more positive pedestrian experience

(Calthorpe, 1993). Eight of the nineteen neighborhoods had alleys typically aligned with

the backs of homes. Only one neighborhood, Tucson Park West, had both alleys for trash

collection and pedestrian-only paths connecting streets. Although alleys are characterized

as elements typically found in older, traditionally designed neighborhoods, they were

present in three of the four neighborhoods in the less than 30-year age group.

For this study, occurrences of three different types of open space, schools, parks

and undisturbed natural areas, were counted for each neighborhood. Open space and

preserved natural areas are considered organizing elements for neighborhoods, serving as

pedestrian corridors and in some cases, resource protection (Calthorpe, 1993; Paterson

and Connery, 1997). Only one neighborhood, Naylor (44 years old), had all three types

(Table 7). Two neighborhoods, El Dorado Hills/Green Hills and Mitman had none.

Ridgeland Park, a newer neighborhood (age 19), was the only neighborhood with open

space that consisted of a relatively undisturbed wash within its boundaries that was

identified by the City of Tucson, Arizona to contain critical and sensitive biological
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communities. Most open spaces among neighborhoods were either parks or schools,

indicating the lack of emphasis on preserving sensitive ecological features within Tucson

communities.

Overall, Richland Heights West had the highest standardized value on the spatial

arrangement index due to the presence of open space, alleys and fully interconnected

streets. El Dorado Hills/Green Hills scored the lowest in that it has no open space, no

alleys and limited interconnectivity of streets. The spatial arrangement index did not

provide a significant correlation between the presence of EDI's and age. A larger sample

may have provided a better indication of trends.

Vegetation 

The percentage of vegetative cover and percentage of total native vegetation were

compiled to form the vegetation index. As stated in the literature review, vegetation has

been associated with uptake of pollutants in stormwater, stabilization of soil thereby

minimizing erosion and increased shade, wildlife and microclimate value (Paterson and

Connery, 1997; Girling et al., 2000). The neighborhood with the highest vegetation cover

was Broadmoor-Broadway (age 58) at 47.6% (Table 8). The overall mean cover was

19.8%. The neighborhood with the lowest percentage was Valley View Estates (age 27)

at 9.5%, indicating a broad disparity in vegetative cover among the study neighborhoods.

It was expected that the newer neighborhoods would have a lower percentage vegetation

cover by virtue of their relatively recent establishment and the time it takes vegetation to

mature, however, the youngest neighborhood, Irvington (age 14) had twice the vegetative

cover of Valley View Estates (age 28). The two oldest neighborhoods, Barrio Viejo and
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Barrio Santa Rosa were on the low end of the scale at 14% each, however, these

neighborhoods, by virtue of their ages and locations in downtown Tucson, may have been

replanted to the extent that vegetation characteristics may not be indicative of

neighborhoods of this age (Figure 5). In addition, lot sizes in these neighborhoods were

small relative to the structures they contained, leaving less room for vegetation.

The percentage of native vegetation is important relative to ecological design in

that native vegetation is typically better adapted to the local environment and does not

require as much supplemental water, nutrients and maintenance to survive. Native

vegetation also provides greater value to native wildlife species (Hough, 1984; Girling et

al., 2000). The highest percentage of native vegetation was Richland Heights West at

75%. Very few non-native species were apparent in this neighborhood. It was clear that

this area was once a native community of predominantly Creosote flats and much of that

character remains, aided in part by the low housing density of 1.9 RAC. The lowest

scoring neighborhood was Naylor (age 44) at 5% native vegetation. The low percentage

of native vegetation in the less than 30-year age group was surprising (ranging from 10-

20%). Unfortunately, the Native Plant Preservation Ordinance (NPPO) was not in place

when any of the 19 neighborhoods in this study were built. This ordinance requires

developments of a certain size to preserve a percentage of designated native plants. This

will hopefully increase the amount of native vegetation planted in more recent and future

developments.

Overall there was a significant statistical correlation between the vegetation index

and neighborhood age (P <0.05). Vegetation cover and use of native vegetation appears



Figure 5.
New development in 99 year-old Barrio Santa Rosa
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to decrease as neighborhood age decreases, with the exception of the 90+ age group. This

group may be an anomaly, as mentioned, in that these neighborhoods are located in or

near downtown Tucson, have been frequently and recently redeveloped, and therefore,

may not demonstrate characteristics of neighborhoods in this age range. Interestingly,

there was also a significant statistical correlation between the average home value and the

vegetation index (P <0.008). Neighborhoods with higher vegetation indices tended to

have higher average home values. This finding supports the literature and this study,

suggesting that vegetation is highly valued relating to ecological design and quality of

life in urban areas.

Total ED! Index 

The five indices were combined to arrive at the total EDI index. This index

consisted of five indices; air quality, water quality, energy use and spatial arrangement

receiving a weighting of 1 and the vegetation index receiving a weighting of 2 (Table 9).

A significant statistical correlation existed between the total index value of each

neighborhood and age (p <0.05). According to this study, neighborhoods in Tucson

seemed to be trending away from the presence of EDI's in their design and structure.

The highest scoring neighborhood overall was Richland Heights West (age 76)

which had predominately native vegetation and unpaved roads. The total index score for

this neighborhood was 4.79 out of a maximum potential score of 6.00. The presence of

unpaved roads was surprising in that this neighborhood was centrally located in a highly

urbanized area. (To control dust, speed limits for vehicles were set at 15 MPH and traffic-

calming devices were used throughout.) It had a high number of walkable destinations,
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bus stops and bike lanes when compared to other neighborhoods in the study. This

neighborhood had the highest vegetation and spatial arrangement indices of all

neighborhoods. The lowest scoring neighborhood overall was Harrison Hills/Hearthstone

(age 29) with a total index of 2.63. This neighborhood was located in an outlying area,

provided limited opportunities for non-vehicular transportation and had one of the lowest

percentages of vegetative cover. Harrison Hills/Hearthstone scored well below the mean

score on four out of the five indices. These neighborhoods could provide visual cues for

future development in Tucson relating to relatively good and poor examples of

ecologically designed communities.

Implications of Ecological Design

A significant statistical correlation exists between the total index for each

neighborhood and average home value (p <0.04). This finding could indicate a

measurable value of ecological design practices as they relate to sustainability. Of course,

other factors contribute to home values that were not considered in this study. A larger

sample would provide more conclusive results.

In terms of ecological design it is worth re-emphasizing the uniqueness of the

highest-ranking neighborhood, Richland Heights West (Table 10). It was the only

neighborhood with unpaved roads. It had one of the highest percentage cover of

vegetation and the highest percentage of native vegetation at 75%, 20% above the next

highest value for native vegetation. While it is not suggested that all neighborhoods

should have unpaved roads, this neighborhood demonstrates the value of minimizing the

importance of automobiles and enhancing pedestrian friendly, human scaled



Table 10. Ranking of study neighborhoods in Tucson, Arizona.

Rank Name Index Age RAC
Value

1 Richland Heights West 4.79 76 1.9
2 Broadmoor-Broadway 4.17 58 3.2
3 Tucson Park West 3.66 33 3.9
4 La Madera 3.58 56 3.7
5 Thunderbird Heights/Wilmot D.E. 3.51 45 2.4
6 San Gabriel 3.44 64 3.9
7 Catalina Vista 3.39 62 1.9
8 Barrio Viejo 3.31 130 2.8
9 Mitman 3.26 79 3.8
10 Barrio Santa Rosa 3.25 99 2.2
11 National Cities 3.13 60 4.0
11 Samos 3.13 80 2.7
12 El Dorado Hills/Green Hills 3.08 39 3.2
13 Ridgeland Park 3.03 19 2.1
14 Irvington 2.96 14 2.0
15 Naylor 2.92 44 2.7
16 Duffy 2.90 42 2.9
17 Valley View Estates 2.81 27 3.1
18 Harrison Hills/Hearthstone 2.63 29 2.6

76



Figure 9.
Unpaved roads and traffic calming device in Richland Heights West

neighborhood
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environments. This neighborhood also shows that it is possible to create places that have

regional relevance by preserving native vegetation during the development process. The

value of this is demonstrated by the correlation between average home value and the

vegetation index.

Richland Heights West had one of the lowest densities in the study at 1.9 RAC,

raising the question; does this low density contribute to this neighborhood's ability to

incorporate more ecological design principles than other neighborhoods in this study? It

is important to note that the second highest scoring neighborhood, Broadmoor-Broadway,

had the highest vegetative cover percentage with 60% higher density at 3.2 RAC,

suggesting that incorporation of these principles is not necessarily dependent on RAC

value for a neighborhood.

This study also illustrated shortcomings and contradictions that have been

identified in the implementation of sustainable development. The third highest ranking

neighborhood in this study, Tucson Park West was among the best designed in terms of

water quality, use of vegetation, open space amenities and walkability within the

neighborhood. However, proponents of sustainability question the wisdom of placing

these well-designed neighborhoods on the urban fringes with little or no opportunity for

alternative modes of transportation, thereby increasing traffic congestion and air

pollution. Requiring expensive new infrastructure to reach these remote locations cannot

be considered sustainable in light of the availability of existing infrastructure that makes

infill and redevelopment such important concepts associated with sustainable

development (Van der Ryn and Calthorpe, 1986; Calthorpe, 1993).
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Summary 

This study was designed to assess the use of ecological design in Tucson

neighborhoods as one way to evaluate the goals of sustainable development. The

definition of sustainable communities identified earlier in this document says that a

sustainable community is "in harmony with natural systems by reducing and converting

waste into non-harmful and beneficial products" (Kline, 1993). All five ecological design

indices in this study could be linked to this statement. Reducing waste (air pollution)

prompted the assessment of transportation practices and travel distances on the air quality

index and the ease of travel and wayfinding on the spatial arrangement index. Examining

building orientation for the energy index is considered key to reducing energy, which also

reduces air pollution and resource depletion. Reducing stormwater related pollutants is

one reason for including percentage of pervious surfaces as a variable on the water

quality index. Converting waste into non-harmful and beneficial products is considered a

function of vegetation, which is believed to uptake stormwater related pollutants. The

second part of this definition, which states that sustainable communities "utilize the

natural ability of environmental resources for human needs" (Kline, 1993) is also

represented in the examination of vegetation that provides shade, water purification

functions and soil quality and the use of natural drainage to improve water quality.

With these ecological design principles in mind, results of this study addressed

the two hypotheses posited. Hypothesis One of this research suggested that traditionally

designed neighborhoods that were designed before the wholesale use of technologies

would display a greater degree of ecological design characteristics than newer
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neighborhoods. With the exception of the 90+ year age group, older neighborhoods in

Tucson showed a higher degree of EDT's than newer neighborhoods. This is most

apparent in the air quality index, which declined steadily as neighborhood age decreased

and automobile use became more prominent. The energy use index does not support this

hypothesis, in that the practice of optimal building orientation has not changed

significantly over time.

Hypothesis Two of this study stated that sustainable development and ecological

design have not had a significant impact on the design of Tucson neighborhoods in the

last 50 years. Again, the results of this study suggest that indicators of ecological design

have decreased overall in newer neighborhoods, particularly in the areas of air quality

and vegetation, indicating that these principles have not been emphasized in

neighborhood designs in Tucson over the last 50 years.

It is important to emphasize that no scientific framework for determining when a

community has reached a state of sustainability exists therefore, indicators may be one of

our most appropriate techniques for estimating levels of sustainable practices (Perks and

Van Vliet, 1993). Indeed, results of this study indicate that the presence of EDI's in

Tucson neighborhood design has decreased over time however, a larger sample would

provide even more conclusive results.

Interestingly, this study also suggested that ecological design is valued

economically in that average home prices were significantly correlated with the total EDI

index that compiled all indices of ecological design indicators. This finding could provide

a vital link between the economic and ecological components of sustainability which,



when emphasized, may increase the use of ecological design practices as they relate to

sustainability.
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CONCLUSIONS

Sustainable development and ecologically sensitive design are vital concepts to

understand and embrace in the face of ever increasing population growth and

urbanization. Many communities, cities, designers and individuals recognize the use of

ecological design principles as one way to ameliorate damaging effects of the built

environment.

The central question of this thesis was, have designs of our neighborhoods

become more or less sustainable over time? Currently, there is no means to determine if

and when a community has reached the point of sustainability, or if that goal is even

possible to reach due to the dynamic qualities and ever changing states of communities

(Kline, 1993; Perks and Van Vliet, 1993; Briassoulis, 2001). It is possible, however, to

employ the use of sustainability indicators to estimate the progress that a community has

made towards or away from sustainability, based on previous trends. In the same way,

EDT's tell a story of how well the built and natural environment coexist so that neither is

excessively compromised. Findings of this study seem to suggest that our neighborhoods

are becoming less sustainable over time.

The other question asked in this study, is there an identifiable trend in the use of

ecological design in neighborhoods over time, was addressed. Results of this study

indicated that design trends of neighborhoods in Tucson, AZ seem to be moving away

from the use of ecological principles based on the decreasing presence of EDI's. The

Total EDT Index, which compiled indicators of ecological design from five seperate

indices, was significantly correlated with age, decreasing as neighborhood age decreased.
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These indicators seem to suggest a steady trend away from the reliance on traditional

design techniques and more of a reliance on technology. The individual indices that were

most significantly correlated with age were air quality and vegetation. The water quality

and spatial arrangement indices did not provide a discernable trend. A larger sample of

neighborhoods would provide more conclusive results. These indicators, as mentioned

earlier, are not precise measurements of ecological functions in these neighborhoods but

rather are clues to how we approach the reconciliation of natural systems when designing

our communities and neighborhoods. While they are not precise measurements of

ecological phenomenon, they can provide useful information about the use of ecological

design principles as they relate to sustainability, based on findings of this study.

Significant in this research was the statistical correlation between average home

values and the vegetation index, suggesting that vegetation is recognized as an important

neighborhood amenity, providing shade and aesthetic beauty, in addition to the unseen

services of improving soil and water quality. Also significant was the correlation between

the air quality index and age, providing clues about how the reliance on automobiles has

changed the way we move around our communities and how the design of our

communities have changed as a result. Other phenomenon measured in this study such as

water quality and energy use, may be too complicated to assess using the methods of this

research.

Design Implications 

From the results of this research, the following neighborhood design implications

were compiled followed by supporting findings from this study:
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• Favor infill and redevelopment over greenfield development so that alternative
transportation can be used to lessen air pollution and neighborhoods are more
connected to the community at large.

o Results of this study confirm that newer neighborhoods are being built on
the urban fringes with limited options for travel other than automobiles.

• Provide ample opportunities for alternative modes of transportation such as
walking, biking and public transit.

o Results of this study suggest that indicators of ecological design as they
relate to air quality are decreasing in newer neighborhoods with less
numbers of walkable destinations, bike routes and bus stops.

• Design neighborhoods with internal connectivity so that wayfinding, both
motorized and non-motorized, can be optimized, encouraging shorter vehicle trips
and more options for walking.

o Results of this study confirm that newer neighborhoods are being designed
with less street interconnectivity, limiting the ability to move through the
neighborhood efficiently.

• Optimize water harvesting opportunities through the use of vegetated swales and
detention basins.

o The third highest ranking neighborhood in this study relied on
predominantly natural drainage systems for stormwater.

• Use vegetation to provide microclimate benefits, shade, soil stabilization and
water purification.

o Results of this study indicate that neighborhoods with high vegetation
indices have higher average home values.

• Favor the use of native vegetation over non-native species or turf that requires
more resources to sustain.

o The highest ranking neighborhood in this study had a 75% native plant
composition.

• Design communities in the context of a larger regional plan that will link open
space, preserve sensitive ecological features and provide wildlife habitat that is
connected.

o Several neighborhoods in this study have channelized natural drainages,
eliminating the vegetation and wildlife habitat benefit they would have
provided.

In addition to design implications, methods devised in this study could be employed

in other communities to determine ecological design trends as they relate to sustainable

development. Furthermore, this study provides a foundation for future discussion relating

to how we can effectively quantify sustainable practices and progress in a community
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for comparison purposes. Ideas for future research are discussed below.

Potential Future Research 

This study examined the presence of EDI's in neighborhoods as they can be

observed and measured. The literature is lacking in studies that correlate the satisfaction

of neighborhood residents and the level of ecologically sensitive design that exists in

those neighborhoods. Surveys and interviews could be conducted and length of residency

and other data could be collected to determine overall resident satisfaction. Additionally,

this study could be extended at some future date to determine what impact, if any, the

enactment of the NPPO has had on vegetation composition in neighborhoods and if this

ordinance contributes to the goals of sustainability. Data pertaining to actual energy use

in neighborhoods could be compiled to determine potential correlations with energy use.

In addition, some of these indices may be modified, weighted differently, removed or

others added based on additional data collected that focuses on sustainability.
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Aerial Photographs of the 19 Study Neighborhoods in Tucson, Arizona:
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Harrison Hills/Hearthstone—age 29
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Tucson Park West—age 33
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